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’/in. antibiotics

.1. Summary

Present

Strategy to fully utilize existing capacities

(a) Take up . reduction of tetracycline at El-Nasr plant in Egypt 
on the basis of strain and technology available at S.L.I., 
Samarra, Iraq.

(b) Both S.D.I. and Si JTasr plants should switch over to chemical 
precipitation method of recovery of tetracycline to fully 
utilize the available fermentation capacities.

(c) ACDIKA may procure a high yielding strain and technology for 
tetracycline for use in El Nasr and S.D.I. plants (a strain 
which gives about 22,000 U/ml. in place of one giving 
9,500 U/ml. at S.D.I.)

(d) The output of tetracycline at 31-Nasr and S.D.I. plants will 
come to about £5 tons per year. This can be achieved within 
1 - 2 years.

(e) S.D.I. can in the course of time, replace existing 14 fermento 
of 10M^ capacity by two fermentors of 60M^ capacity. El Nasr 
plant can similarly replace existing six fermentors of 10M^ 
capacity by one fermentor of 80M^ capacity.

(f) The cost of production of S.D.I. and El Nasr plants will then 
compare favourably with international price of tetracycline.

(g) This will provide necessary experience for technicians at 
C.D.I. and El Nasr plants to man the proposed ACD IMA anti
biotic plant.



II: Futura:

(a) Review requirements of antibiotics in the Arab Countries and 
make reliable forecast up to 1982 by which tine the proposed 
plant is expected to materialize.

(b) Form a Project Group at ACDIMA to carry out prefeasibility and 
feasibility studies.

(c) Establish an antibiotics plant to manufacture penicillins, 
semi-synthetic penicillins and erythromycin.

(d) Select a firm to construct the plant based on criteria laid 
down.

HI: Industrial Profile:

T-.a proposed antibiotics plant should be designed to manufacture the
following antibiotics

(l) Penicillins 200 M.T./annum

(Benzyl Penicillins - 75 M.T.
. phenoxymethyl Penicillins - 25 M.T. _

100 M.T. Will be processed into Ampicillin)

(2) Ampicillin 66 M.T./annum
and other semi-synthetic penicillins such as carbenicillin 
and cloxacillin.

(j) Erythromycin 20 M.T./annum
(stearate and estolate)

(4) Pharmaceutical preparation plant to process about % of the 
above bulk antibiotics into dosage forms ready for use viz:

Benzyl penicillins 37.5 jj.T.
Phenoxymethyl Penicillins ^2 .5 M.T.
Ampicillin 33 jj. t.
Erythromycin -jo M.T.
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B. Present status
Existing facilities for the manufacture of antibiotics

In Egypt, EL Nasr Company for pharmaceutical chemicals, 
a public sector unit was established ir I960 and production 
started in 1953» . The plant is located in Abu-3aabal, 45 Xm. from 
Cairo. The project was implemented according to the co-operation ■

agreement with the Soviet Union. The plant consists of different units for the

production of synthetic pharmaceutical chemicals—and antibiotics and induscria

enzymes by fermentation. Since the commencement of production in 1964, 
the plant made commendable progress particularly in the field of 
synthetic drugs, intravenous solutions and industrial enzymes. The 
company co-operated with I.C.I. using their technology for production 
of sulpha drugs. A technical collaboration agreement in the field of 
synthetic drugs and dextrose with China is under jplementation. The 
company supplies balk raw materials to local companies for manufacturing 
finished pharmaceutical preparations. The company also established its 
own facilities for manufacturing pharmaceutical preparations to improve 
th i economy. The Company also exports some of its products.

In the field of fermentation, El Hasr manufactures the.industrial 
enr.yraes - L anylase for textiles and protease for leather. There is 
no basic production of antibiotics via, fermentation. However,
Tetracycline Hydrochloride is manufactured from imported tetracycline 
base. Procaine penicillin and benzathine penicillin are manufactured 
from imported potassium penicillin. Mixtures of penicillins and 
streptomycin are prepared from imported antibiotics in bulk.

In Iraq, the State Company for Drug Industries owned by the Ministry 
of Health is located in Samarra, about 128 km from Baghdad. The project 
was also implemented with the technical assistance of the Soviet Union.
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The plant comprises different units for fermentation and 
chemical purification and oharaaceutical preparations. The Company 
started to market its products in 1970. Since then the Company made 
remarkable progress particularly in the field of pharmaceutical 
preparations and entered into technical collaboration agreements with 
six International companies and some Arab companies.

The plant manufactures about 13 tons of Tetracycline Hydrochloride 
annually via fermentation to meet the requirements of Iraq.

S.D.I. imports most of the raw materials required in fermentation 
except few chemicals such as hydrochloric and sulphuric acids, ammonia 
and ammonium sulphate.

Thus in the Arab countries, facilities for the manufacture of anti
biotics via fermentation are available in Egypt and Iraq. The plant in 
Egypt was set up to manufacture penicillin and streptomycin. However, 
this did not materialize and part of the fermentation capacity and the 
infrastructure are currently being utilized for the manufacture of 
industrial enzymes. The plant in Iraq was built to produce penicillin, 
streptomycin and tetracyclin. However, penicillin was stopped not long 
after its production was commenced. Streptomycin was never produced.
Part of the fermentation capacity and the related infrastructure are at 
present being used to manufacture tetracycline to meet the local needs.
One comes across similar factors at both the plants for not accomplishing 
the underlying objectives in establishing facilities for basic manufacture 
of antibiotics - production problems and uneconomical production due to 
obsolete technology and undersized fermentors.

Strategy to fully utilize existing capacities

It is, therefore, vital to find «ays and means to utilize the existing



fermentation capacity ana the related infrastructure for the manufacture 
of antibiotics required in the Arab countries, to reduce the burden of 
these overheads on other products currently being manufactured in these 
plants and to train personnel to man the ACDIMA antibiotic plant.
There are adequate facilities in both the plant in the concerned areas 
such as microbiology, utilities, laboratories for in process and quality 
control, engineering and other infrastructure and required expertise and 
skills to undertake the basic manufacture through fermentation.
Fortunately, most of the equipments and facilities for fermentation at 
both the plants are similar if not identical, since both have been supplied 
by the same organization. As a short term measure, therefore, a strategy 
has been worked out to activate both the plants in Egypt and Iraq, utilize 
the existing capacities and render the operations more economical and this 
is described in Appendices I and II. Broadly, the plan is to commence the 
production of tetracycline at El Nasr P.C. Company on the basis of the 
strain and technology in use at S.D.I. Samarra. Both these plants should 
then switch over to the chemical precipitation method of recovery of 
tetracycline according to the procedure given. The ion exchange method 
currently in use at S.D.I. is proving to be a bottleneck for utilizing 
the full fermentation capacity. Only 7 out of 14 available fermentors 
can be used on the basis of chemical recovery facilities existing on the 
basis of ion exchange process. Necessary equipments to affect the change 
over are available at the plants as indicated in Volume I under "Surplus 
facilities available". In the meantime, ACDIMA can arrange for the 
purchase of a high yielding strain for tetracycline to be used by both 
the plants. On the basis of 140 and 60 fermentation capacities 
available at S.D.I. and El Nasr respectively along with the required 
utilities and infrastructure, both these plants put together can manu
facture about 85 tons of tetracycline base annually within 1 - 2  years 
according to the strategy outlined above. The culture strain for the



production of tetracycline currently in use at 3.D.I. Samarra yields an 
average activity of about 9,500 u/ml in IdO hours. It is understood 
that culture strains for the manufacture of tetracycline with an 
average yield of 22,000 u/ml are available for about U3$1C0,0C0. The 
requirements of five Arab countries - Egypt, Iran, Libyan Arab Jamahiriya, Sudan 
and Syrian Arab Republic is currently put at about 79 tons per year as indicated 
in Volume I under "Requirements of Drugs and Pharmaceuticals". Thus the above 
recommendations apart from meeting the requirements of tetracycline, will 
result in the full utilization of existing manufacturing facilities at 
El Nasr and S.D.I., will provide the trained persons for manning ACDUIA 
antibiotic plant and will serve as nuclei for developing bigger ACDDIA 
plants. This is also in line with the declared objective of ACDEIA viz.
'to increase the quantity and upgrade the quality of the local industry, 
in a bid to meet the needs'. Above all, this will serve as a moral 
booster to the competent experts available at both El Nasr and S.D.I. and 
instil in them confidence which, is vital for manning the proposed 2$0 ton 
ACDUiA. antibiotic plant and pave a smooth way for the technological trans
formation. It is also likely that the experts in these plants may install 
80 - 120 capacity fermencors in the course of time. Antibiotic plants
in the developed countries over the years worked with fermentors ranging 
up to 300 capacity each. However, the optimum size preferred at present 
is about 120 capacity. Considering the capacities of utilities and other 
infrastructure available at El Nasr and S.D.I. plants, it is recommended 
that El Nasr may in course of time install one fermentor of 80 
capacity and S.D.I. may install two fermentors of 80 capacity. A 
typical working drawing of one 80 capacity fermentor is given in the 
Annexure V. These fermentors could be installed within the fermentation 
buildings by making suitable alterations or outside the buildings by 
»recting a simple structure to provide shelter to the fermentors.



The fermentor should be provided with agitator, gearbox and motor of 
dOO H.P. suitable for the high yielding strains and technology. The 
layout drawings of different floors of the fermentation blocks in SI 
Nasr and S.D.I. plants show that installation of new fermentors and 
accessories is feasible. The replacement of fermentors with 10 
capacity by those of 90 capacity will result in reduction in the cost 
of production, will provide experience to the technical personnel in 
both SI ^Tasr and S.D.I. plants of working with optimum sized fermentors. 
This experience will facilitate early commissioning and smooth functioning 
of the proposed antibiotics plants of ACDIMA.

The recommendation regarding taking up production of tetracycline was 
discussed with top executives of ACDIMA, SI îîasr P.C.Co. Egypt and Head 
of Antibiotics Production S.D.I., Iraq and it was agreed that it would be 
technically feasible to take up the production of tetracycline at SI Nasr 
plant on the basis of the strain and technology available' at S.D.I. plant 
after making some arrangements in the equipments and providing some 
additional equipments, which could be easily organized at 31 liasr and these 
could be classified as minor modifications. It was also felt that to 
3tart with SI Masr could adopt the ionexchange method for chemical recovery 
making use of the resin columns provided for Streptomycin manufacture.
Both can then switch over to the chemical purification method for the 
recovery of tetracycline base. Both can also simultaneously introduce the 
new high yielding strain and technology when it i3 acquired at a future 
date. As regards cost of production of tetracycline at 31 !7asr plant, the 
cost i3 expected to be lower at SI Nasr compared to S.D.I., since the cost 
of labour and utilities at SI Hasr is lower than the corresponding figure 
obtaining at S.D.I.



1 C . Future development

Long term plan:

Establishment of an antibiotic unit by ACDEiA 
ACDIMA desires to erect an antibiotics plant in Iraq for the 

production in bulk of the following antibiotics:-

(1) Penicillin as Sodium Pen G. injectable
Probaine Pen G. injectable 
Benzathine Fen 3. injectable

50 !i?/annum

(2) Ampicillin trihydrate (including the required Pot. Pen G. to 
produce Ampicillin)

50 MT/annum

(3) Streptomycin Sulphate (as base) 50 MT/annum
(4) Tetracycline base and the production from it of hydrochloride, 

phosphate as well as oxytetracycline.

During discussions, it transpired that the above quantities were 
decided upon based on the deliberation of Technical committees. Medical 
opinion concerning drug consumption patterns, ability of ACDEIA to market 
etc. It was also stated that oxytetracycline was proposed to be manu
factured via fermentation and not from tetracycline base as indicated above.

Tenders were invited for the preparation of prefeasibility and 
feasibility studies of the antibiotics plant to manufacture antibiotics 
referred to above and the tenderers were asked to submit their offers by 
30 June 1977* The detailed feasibility study was proposed to be taken up 
only if conclusions of the prefeasibility were positive. ACDIMA also 
preferred to execute the project as a joint venture provided results of 
the feasibility study were positive.



It is relevant to discuss certain issues in this connection as
vrs: —

(1) Completion period of the project;

Based on the present programme, the prefeasibility and the 
feasibility studies will take about one year. The process 
of evaluation of these, negotiations and inviting offers to 
build the plant will take about one year. It will take about 
three years to build the plant. The plant will normally take 
three years to obtain the rated capacity. This will mean that 
the proposed quantities of different antibiotics will be 
produced after eight years from now. This is indeed a tight 
schedule and any delay at any stage may prolong this period.
This will also lend support to the need to implement recommenda
tions made earlier as a short term measure viz. Production of 
tetracycline at 31 Nasr and S.D.I. plants.

(2) Quantities of antibiotics proposed to be manufactured vis a vis 
the forecast of consumption:

Based on the present requirements of antibiotics for five Arab countries 
(Egypt, Iraq, Libyan Arab Jamahiriya, Sudan and Syrian Arab Republic) as 
indicated in Volume I, the current demands far outstrip the projected 
production, which will materialize within the next 5-3 years as indicated 
above. For example, the present requirement of tetracycline is 
about 79 tons, penicillins 64 ton3 and streptomycin 73 tons as 
against 50 tons planned in each case in the proposed plant.
Thi3 shows that there is immediate need to review the consumption 
figures and make a realistic forecast for the period 1977-1932 
by which time the proposed plant is expected to be commissioned.



L ocation o f  th e  o la n t:
It is undei'stood that the site for the plant near Baghdad has 
been decided upon.

Relevance of the proposed Mix;

The quantum of antibiotics to be produced will primarily depend 
on the projected demand as well as the economy of scale. Based 
on the present trends in the construction of antibiotic plants 
in other countries, the pattern cf drug consumption particularly 
in the Arab countries and the economy of scale, a plant for the 
production of penicillins, ampi.cillin and other semi-synthetic 
penicillin; and erythromycin appears to be an economical 
proposition. Similar plants are under construction in Italy, 
Mexico and Poland. It is recommended that 50£ of the basic 
drugs produced should be processed into pharmaceutical prepara
tions or dosage forms by ACDIMA.in the above plant or in units 
located elsewhere mainly for two reasons. Formulation of bulk 
drugs into dosage forms will improve the profitability of the 
concern. Secondly, there is need to establish one or more 
formulation plants on the basis of the latest technological 
developments, good manufacturing practice and recognized 
quality standards to serve as models to the pharmaceutical 
preparation units in the Arab Countries with a view to upgrade 
their own standards.

Recommended product Mix:

In the light of above, it is recommended that ACDFIA may 
construct a plant to manufacture the following antibiotics:



(l) Penicillins 200 M.T./annum

(Benzyl Penicillins - 75 M.T.
Pheno xymethyl Penicillins — 25 M.T.
100 M.T. will be processed into Ampicillin)

(2) Ampicilj in 66 M.T./amram
- (Trihydrate or anhydrous or both depending on demand 

forecast) and other semi-synthetic penicillins such as 
carbenicillin, cloiacillin.

(3) Erythromycin 20 M.T./annum
(stearate and estolate)

• (4) Pharmaceutical preparation plant to process about 5 of 
the above bulk drugs into dosage forms ready for use. 
Tetracycline is not included as it is recommended for- 
production at El Hasr and S.D.I. plants. Streptomycin is 
not included for reasons of economy and its doubtful future.

(6) Prefeasibility and Feasibility Studes;
It is suggested that a project group be formed at ACDL'JA 
under the guidance of an outside expert and drawing experts 
fiutn El Nasr and S.D.I. companies. This group will prepare 
the prefeasibi '.ity rod feasibility studies based on different 
viable alternatives and according to the standard procedures
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adopted for such studies. If necessary one financial expert 
and one experienced engineer from outside for short periods can 
be added to the group. It is expected that both these studies 
will be completed within six months. During this period negotia
tions can be carried out to secure the best available technology 
in each case. At the end of this period a project group would be 
functioning at A CD IMA. This group will then be able to undertake 
similar feasibility studies for other ACDKA projects such as 
pharmaceutical chemicals and biological products. This project 
group will liaise with the firms constructing ACDUIA plants and 
will hasten the execution of the projects. This will also result 
in considerable savings in expenditure and time and is in the 
larger interests of ACDUIA. It is understood that El Nasr Co. 
recently prepared feasibility reports on Sulpha, drugs and glucose 
and I.V. solutions of glucose for ACDUIA.

(7 ) Selection of a firm for carrying out prefeasibility and 
feasibility studies;

In case ACDUIA decides to entrust the work of preparing prefeasi
bility and feasibility studies to an outside party, it is 
recommended that the following factors be taken into account before 
selecting the party.

(a) Willingness of the firm to enter into a'joint venture. This is 
a good safeguard to ensure that the execution of project will 
proceed in a business like manner.

(b) Representatives of ACDUIA should visit the projects recently 
completed or those under execution by the firm.

(c) Representatives of ACDUIA should verify the firm’s claims regard
ing technology by actually visiting the manufacturing units, 
where such technology is in operation.
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(d) ACDD1A should satisfy itself that the technology offered is 
the best or nearly the best available in the world in the 
respective fields.

(e) AC2EIA should satisfy itself that the project will be designed 
on the basis of the latest engineering design practices.

(f) It is desirable that the- firm carrying out the prefeasibility 
and feasibility studies is entrusted with the responsibility of 
constructing the plant.

(g) Penalty clauses should be inserted wherever feasible to avoid 
slippages.

(h) Time is the essence in the field of. drugs where obsolescence is 
ratner high. ACDBIA should execute the project in the shortest 
period possible and realize the benefit before the drugs in 
question becomes obsolete.

(i) Certain amount of flexibility should be built into the plant to
enable change in the spectrum or increase in the quantities with 
minor modifications to cope with the dimand pattern.



D. In d u str ia l p r o f i le

The Industrial profile is presented for an antibiotic plant with the 
recommended product mix and formulations.

The cost structure of an antibiotics plant based on fermentation is 
highly sensitive to the technology adopted particularly the cult-ire strain 
of the micro-organism used in the fermentation process. Certain assumptions 
are made in this regard as outlined below
a) Technology

i) Itenicillins Potency of the culture, strain 30,OCX) Units / ml in 
216 - 240 hours

ii) Erythromycin: Potency of the culture strain 3,500 Units / ml in 
120 hours.

iii) Ampicillin: 1.5 kg of Potassium Benzyl Penicillin gives 1 kg
of Anpicillin trihydrate.

b) Haw Materials
As indicated earlier, except few inorganic chemicals, the rest of the 
raw materials are currently imported by Egypt and Iraq. So ̂ prevailing 
international prices for raw materials used in the process are taken.

c) Land:
The value of land of the proposed site near Baghdad was assumed as also 
the construction costs in Iraq.

d) Man power
The prevailing wage structure in Iraq where the proposed plant will be 
located is taken.

e) Equipments
These are standard equipments according to present engineering practice.
Most of these will be imported. The capacity of each ferraentor is assumed to 

he 120 M3. ' . . .  ...
f) Selling price of bulk and formulations

As regards bulk, the current prices in the international
market are taken. As far as formulations are concerned, the prices
prevailing in Egypt and Iraq are taken.



g) General

It is likely that the quantum of investment .-ray undergo changes 
depending on various factors such as technology,
_ prevailing construction and equipment costs, rebate on import duty 
and the extent of automation used.

A royalty of 5\<> on capital has been assumed. In case of lump- 
sum payment or joint venture this nay vary.

The prevailing international prices of bulk drugs are taken as the
selling prices of drugs produced. _____ _______ 1______

Similarly, the selling prices of formulations are subject to price 
controls applicable in any of the Arab countries at any given time.



h) Sources of Technology 

(1) Penicillin

(2) Ampicillin

(i) Toyo Jozo and Co., Tokyo, Japan
(ii) Meiji and Co., Tokyo, Japan
(iii) Kabi, Stockholm, Sweden
(iv) Pharmafin, Milan, Italy
(v) Pan Labs., New York, U.S.A.
(vi) Wyeth Lab. Radnor, Philadelphia, U.SJL
(vii) Biochemie, Kundl/Tirol, Austria

(i) -Beecham, London, U.K.
(ii) Wyeth Lab. Radnor, Philadelphia, U.S.A
(iii) Pharmafin, Milan, Italy
(iv) Gist-Brocades, Delft, Holland
(v) Biochemie, Kundl/Tirol, Austria (6APA)

(3) Tetracycline
(i) Pharmafin, Milan, Italy
(ii) Pfizer, New York, D.SJL.
(iii) Squibb, New York, U.S.A.
(iv) American Cyanamid, New York, U.S.A.
(v) Arco, Switzerland

(4) Erythromyctn
(i) Pierrel, Milan, Italy
(ii) Archifar, Milan, Italy
(iii) Pharmafin, Milan, Italy
(iv) Abbotts, Chicago, Ü.S.A.



Annual requirement

i) Requirements of major raw materials

S.No. Material
(in tons)

1. Acetone 362
2. Amr.>ni&f liquor 44
3. Ammonium Sulphate 102
4. Butyl acetate 347
5. N-Butyl alcohol 508
6. Calcium carbonate 1,410
7. Carbon Dioxide (gas) 346
8. Corn Steep liquor 133
9. D.B.E. Diacetate ' 6
10. Dimethyl aniline 34
11. Dimethyl dichlorosilane 31
12. D-phenyl glycyl j

chloride hydrochloride 53
13. Ether, diethyl 62
14. Ethyl acetate 649
15. Ethyl alcohol 12
16. Isopropyl alcohol 71
17. Lactose 8
18. Lard oil 133
19. Methylene chloride 772
20. B-Napthalene sulphuric acid 173
21. Peanut oil 130
22. Phenyl acetic acid 129
23» Phosphoric acid 40
24. Poly vinyl pyrrolidine 2
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S.No. Material Annual Reouirement 
/ (in tons)

25- Potassium acetate 143
26. Potassium hydroxide 55
27. Procaine hydrochloride 23
28. Sodium carbonate 42
29. Sodium chloride 27
30. Sodium hydroxide 71
31. Sodium sulphate 23
32. Sucrose 2»C96
33. Sulphuric acid 235
34. Triethyl amine 72
35. Urea 72

j) Requirements of personnel

S.No. Category Number Educational
Qualifications

1 . Unskilled and
semi-skilled (workers) 437 completed high school

2. skilled
(Technicians + TradesmenJ 198 After high school, 

with technical trade 
certificate

3. Technical Supervisors 43 University graduates in 
chemistry, microbiology, 
pharmacy and engineering

4. Managerial cadre 39 University graduates in
chemistry, microbiology, 
pharmacy, engineering and 
business administration with 
specialization and post 
graduates.



I. PENICILLINS in 000 US %

A. Investment

i) Proportional for production of 200 T in bulk 9,020

ii) Proportional for formulation of 50 T of Penicillin 4,360

Total 13,380

Sales Revenue

i) Sale of 50 Tons of Penicillin 
in bulk US $ 23 / kg

1,150

Ü) Sale of 50 Tons of ftnicillin 
in formulations
(Sale value of formulation at 202$ 
of bulk)

2,323

Total Sales 3,473

Cost of Production of bulk 
Raw materials 730
Chemicals and auxiliary materials 300

Royalties at 5 $ of annual sales 230
Manpover 933
Utilities 670

Maintenance at 5$ of capital 4SI
Depreciation - 10$ of capital 902

Taxes - 5$ capital 451

Total ’ 4,667

Cost of4 sales 10$ of sale in bulk 115

Total cost 4,382
Cost par kg (USI) 23.91
Sales revenue from 50 T of bulk 1,150

Cost of Production of 50 T of bulk 1.196,, .
Net deficit 40
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J)) Operating results of fromulations in 000 USS

Sale value of 5O T in formulations 2,323
Operating oosts including overheads, 1,996
depreciation, interest and selling and 
distribution expenses

JTet Margin 327

E) Profitability on sale in bulk and 281
fromulations
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II . AMPICILLIN 

A. Investment

i) Proportional for production of 66 T in bulk 
ii) Proportional for formulation of 33 T of ampicillin

Total

B. Sales Revenue
i) Sale of 33 tons of Ampicillin in bulk at

US $ 75 / kg
ii) Sale of 33 Tons of Ampicillin in formulations 

(sale value of foraulation at 170$, of bulk)

Total Sales

C. Cost of Production of bulk

Baw materials
Chemicals and auxiliary materials 
Boyalties at 5$ of annual Bales 
Man power 
Utilities
Maintenance st %  of capital 
Depreciation at 10$ of capital 
Taxes at 5$ of capital

Total
Cost of Sales 10$ of sale in bulk

Total cost
Cost per kg (US$)
Sales revenue from 33 T of bulk 
Cost of Production of 33 T of bulk

in 000 USS

7,940
2,875

10,815

2,475

4,209

6,684

1,762
462
248
264
66
397
794
397

4,390
247.5

4,637-5
70.27

2,475
2, 318.6

Net margin 1,56.2
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Sale value of 33 T in formulations 4» 209
Operating costs including overheads, 3»617
depreciation, interest and selling
and distribution expenses _______

Het margin 592

e) Profitability on sale in bulk and 
formulations

748.2
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III. ЖТлНОГ-rrCIK in 000 os $

к. Investment
i) Proportional for production of 

20 T of bulk
2,885

ii) Proportional for formulation of 10 T of _ 
Erythromycin

87O

Total >.755

Sales Revenue
i) Side of 10 Tons of Erythromycin in bulk 

at OS 1 100 / kg
1,000

ii) Sale of 10 Tons of Erythromycin in formulations 
(Sake value of formulations at 184.3% °f bulk)

1,845

2,845

Cost of Production of bulk
Raw materials 420
Chemicals and auxiliary materials 150

Royalties at 556 of ammal sales 100

Xan power 300

Utilities 30
Maintenance at %  of capital 144
Depreciation at I0£of capital 289
Taxes at %  of capital 144

Total cost of operation 1,577
Cost of sales 10£ of sale in bulk 100

Total cost 1,677
Cost per kg (USt) S3.85

Sales revenue from 10 T of bulk 1,000
Cost of Production of 10 T of bulk 838.5

Net Margin 161.5



d) Operating results of Formulations in OOO XJS t

Sale value of 10 T in formulations 1,845
Operatings costs including overheads, 1,586
depreciation, interest and selling
and distribution expense^ __________

Set margin 259

e) Profitability on sale in bulk and formulations 420.3



IV. SUMMARY
in 000 US *

A. Investment

i) Penicillin 13*380
ii) Aiiipicillin 10*815
iii) Erythromycin 3*755

Total 27 *950

B. Sales Revenue
i) Penicillin Bulk 1*150

Formulations 2,323
ii) Ampieillin*Bulk 2,475

Foxinulation8 4*209
iii) Erythromycin Bulk 1,000

Formulations 1*845

13,002

£. Bet Margin

i) Penicillin 28l.O
ii) Ampicillin 748.2
iii) Erythromycin 420*5

Total 1,449*7

1 1 . 1 5 %
5.19^

Return on Bales 
Return on investment
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Appendix I

STRATEGY TO FULLY UTILIZE EXISTING CAPACITIES

1. El Nasr plant has 6 fermentors of 10 cubic meters capacity.
El Nasr can adopt the technology of S.D.I. plant, Samarra, Iraq 
and produce 13 tons of tetracycline base per year. May take 3-6 
months.

2. El Nasr plant and S.D.I. plant at Samarra can switch over to chemical 
precipitation method of recovery of tetracycline according to procedure 
given in Annexare IV. 'Hiis will double output of S.D.I., Samarra.
May take 6 months.

3. ACDIMA can purchase a high yielding strain to be used by both El Nasr 
and S.D.I. Samarra. Then both El Nasr and S.D.I. plants will be 
producing 85 tons of tetracycline base annually. May take 6 months.

4. Thus Arab countries will be self sufficient with regard to. tetracycline.
5. El Nasr and S.D.I. plants will have trained persons for manning 

ACDIMA antibiotic plants. These plants will be nuclei for developing 
bigger ACDUiA plants.



Aooenaix II

RECOVERY OF TETRACYCLINE BY PRECIPITATION HETHGB

1. Add sulphuric acid to fermentation broth to PH 3. Then add oxalic 
acid till the PH comes down to pH 1.7«

2. Depending on condition of broth, add 1-2^ of filter add (diatoma- 
ceous earth) and filter (rotary vacuum filter, if available).

3. Maintain the temperature of broth at 10°C.
4» Add caustic soda solution of pH 9«0.
5» Filter the slurry and discard filtrate.
6. Make the cake into a slurry in deionized water. Add sulphuric acid 

to pH 3.0 and oxalic acid to pH 1.7.
7. To decolorize and remove impurities, add 2.5 kg. of activated 

carbon and a detergent c.g. arquad (LS) v/ v.

8. • Filter under vacuum, wash the solids and discard the solids.
9< Add sodium Hydro-sulphide, plus a small excess of versene (SDTA) and 

255o sodium hydroxide solution to pH,4.3» Maintain the temperature 
of slurry at 10°C and agitate for about 8 hours.

10. Filter and wash the cake with deionized water.
11. Dry in a suitable dryer (preferably a fluidised bed dryer) till it 

has a moisture content of about 13$. Base trihydrate of tetracycline 
is thus obtained.
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IX. SYNTHETIC DRUGS 

A. Summary

0.1 . Short term basis:

a) Continue cooperation with other companies and 
aquisition of reaction know-how for quick start 
of production of new products in idle equipment.

b) Organize work groups for process development and 
•provide suitable equipment to participate in the
implementation of laboratory scale processes to 
technical scale in order to make practical experience 
available to own staff.

c) Initiate first construction stage of multipurpose 
plant and start production there with procedures 
already developped by said work groups.

d) Refrain from committing immediately to a large 
multipurpose plant without prior experience. For 
urgent-ly needed drugs prefer dedicated production 
units during short term period. Organize personnel 
training in management and maintenance.

0 . 2 .  L o n g te rm  jn e a s u re s  •

a) Carry out enlargements of existing multipurpose plant 
and eventually erect other full size plants in other 
locations.

b) Consider cooperation with producers of organic 
intermediates to assure low-cost supply of 
important base materials.



3. Present susuly of synthetic drugs in the Arab countries

Producers and production facilities:

Of all Arab countries, only Egypt is

producing synthetic drugs in bulk, mostly from imported 

raw materials. All synthetic operations 'are'

concentrated at El JTasr Pharmaceutical Company

in Abu Zaabal, 45 ton to the North East of Cairo.
El Nasr Pharmaceutical Company has been established 
in i960 under the terms of an agreement with the 
Soviet Union and production started in 1963. The 
company belongs to the public sector of industry 
and encompasses production facilities for chemical 
synthesis, fermentation and formulation, which are 
well integrated with centralized utility services 
and supply lines.
In the course of time, extensive changes and 
improvements in machinery and procedures have been 
carried out and capacities and experience have been 
created for a considerable line of products.
The principle of unit production is implemented 
throughout and all installed equipment is dedicated 
to specific products.

Appendix I gives the manufacturing programme of 

synthetic drugs with actual production targets of 
1977, as communicated by El Nasr Pharmaceutical 
Company.



For some products, actual output is only a fraction 
of installed capacity. Also, some equipment is 
currently not in use. Three reasons can be seen for 
this:

a) insufficient demand or, in principle, disadvantages 
against competing products;

b) inflexibility of installed.equipment which prevents 
switching to another product;

c) discontinuation for economic reasons of production 
of some precursors or intermediates in favor of 
purchasing.Vith labor costs at a comparatively low 
level, one source of excessive product cost must 
be an inefficient synthesis procedure.

1. 2. Expansion and improvement of production:

An increase of the number of synthetic drugs and the 
purchase of new know-how is under active consideration 
at El Nasr Pharmaceutical Company and a role is 
envisaged for ACDIMA in supporting some of the 
necessary investment. A list of products to be 
manufactured newly or with improved technology is 
given in appendix ii. ' Capacities are adjusted for 
the needs of the total Arab market and the quantities



required together with the necessity to minimice 
production cost to the low level of the world market 
for certain bulk drugs like e.g. salicylic acid 
or sulfas make it mandatory to optimize the design 
of production units dedicated to single products.
The cooperation of firms with special experience 
has therefore been invited.and offers have been 
received. A production unit for acetaminobenzene 
sulfonylchloride is under construction presently 
and units for salicylic acid, PAS, niacinamide/ Iïni, 
paracetamol and dextrose are planned.

Many drugs on the Arab market are consumed in quantities not big enough 

to render economical the erection of a separate 
production unit. On the other hand, existing capacities 
are only partly used and excess equipment is available 
at El Nasr plant.. Beside lower cost, adaption of 
existing equipment will also result in the start-up 
of new productions in much shorter time.
In line with this thinking, assessments and bids for 
cooperation have been invited from other firms and 
the know-how for 13 chemicals to be manufactured by



adapting existing apparatus

3* Development of production know-how:

A more general way of tackling, new productions should 
be discussed at this point. The cost of aquisition 
of know-how for a product, of small volume will, in 
general, influence unfavorably product economy.
Given the low cost of labor in Arab countries, it 
will be cheaper to invest.in laboratories and man
power and to carry out the development and optimization 
.of some reaction procedures with a minimum of outside 
intervention. Skilled personnel in El Nasr plant has 
proven its professional ability to cope with similar 
problems and may be the nucleus of a group assigned 
to development tasks.
The following measures have to be taken to provide 
capacities for working out manufacturing procedures:

a) assign, personnel.with university training and 
qualified laboratory technicians to development 
duties only.

b) provide laboratory space and equipment for 
preparative work on batches of 0.1 - 5 kg. It 
is felt, that existing facilities and apparatus 
is not well suited for this scale. Also, outfit



for modelling plant conditions (columns, extractors, 
centrifuges) has to be available.

c) provide additions to the already existing valuable 
pilot plant for scaling up batches, e.g. reaction 
vessels of 5o, 1 0 0, 3oo, 5oo 1. This can be done 
by using available idle equipment.

d) provide additions to the already existing technical 
library, e.g. all reference works of organic 
synthetic chemistry and. technology.

Information on the course, mechanism and yields of 
the synthesis of known drugs can always be gained 
from the technical literature, but details and precise 
procedures are generally not revealed. It may be 
realistically assumed that on the basis of this 
information, a laboratory group of 1 university- 
trained chemist and 3 qualified lab-technicians will 
be able to work out the detailed procedure, ready 
to be transferred to production scale, of 2 reaction 
steps in one year'.
A hypothetical example is given:
The evaluation of production procedures for a group 
of 13 chemicals



would involve the optimization of approx. 35 reaction 
steps and can be accomplished in 5 years by 4 work
groups.
Necessary investment and cost will be (2o% depreciation 
assumed) ï

1. Laboratory: installation, 
preparative apparatus, 
centrifuges, rotary and
film evaporator etc. for 4 groups US$ 15 0 000

2. Pilotscale reaction vessels
(50 1, 100 1, З00 1, 500 1,

»
partly available) US$ 3o 000

3. Manpower, 16 men à 75o,-LE/yr.,
5 years, 3o % overhead added US$ 50 000

4. Chemicals, utilities US$ 1o c o o

Total cost in 5 years US{ 24o 000

It goes without saying, that the po-sibility to issue 
licenses, better adaptability to changing raw materials 

. and general flexibility in the production programme 
will be further benefits from this investment. It is 
suggested, that the organisation of process developing 
groups, if decided upon, should be made soon



1.4. Investment in synthetic pharmaceutical production:

1.4.1 . Short term measures :

It has already been said under 1.2., that vork is 
under vay to utilize existing surplus equipment. A 
list of chemicals next in line for production has 
to consider technical feasibility and the demands 
Of the market. A selection of drugs _
satisfying both criteria is compiled in section s 
and industrial profiles for these chemicals have 
"been worked out.
More nev apparatus will be needed for these productions, 
because all useful surplus material will then be 
back in use. It is suggested, that investment in 
the first stage of a multipurpose plant should be 
considered here rather than assembling small nev 
units independent of each other.
Main advantages of a multipurpose plant are:
a) flexibility of production program
b) economy for small productions
c) simultaneous coordinated production of several 

products or intermediates for best utilization
d) stepvise enlargement possible.

On the other hand, certain points have to be scored 
against the idea of a multipurpose installation:

a) specification of equipment has to be very high
for the sake of versatility and often reactions are 
made in apparatus more expensive than necessary.



b) Very good coordination of parallel operations
is needed to avoid inefficient use of the plant.

c) A certain time is lost when products are changed 
because of cleaning and adaptions.

It is felt that the small demand for most drugs at 
the present time makes a strong case for a multi
purpose plant with, at first, small capacities. 
Buildings as veil as utility supply should be 
planned to allow for several further additions, 
vhich will become necessary with growing demand 
of the Egyptian and all-Arab market. A short 
technical profile of the plant in the first two 
stages is given in section d . Experience gained 
in the management and operation of the small plant 
vili prepare management personnel and a staff of 
operators for larger plants to follow.

• Long term measures :

With increasing quantities of drugs synthesized, 
three options will be considered:

a) taking some drugs e.g. vitamins from the multi
purpose plant to new dedicated units,

b) adding units with big reactor capacities and, 
eventually, new independent multipurpose plants 
at the same or at other locations.



c) Starting the productions of products in special 
units which are economical only in big volume, 
or with cheap starting materials e.g. vitamin C, 
nicotinic acid.

The availability of at least one multipurpose plant 
will still give the flexibility to adapt production 
to changing demands, to smaller but important products 
and eventually co products demanding high skills 
and versatility in manufacturing, e.g. steroids.

Also, suitable raw materials will become available 
in the second half of the next decade from Arab 
petrochemical plants. It may be ACDIMA's wish to 
participate in ventures which will provide inter
mediates common to pharmaceutical and other incustr:es 
(e.g. food processing, dyes, herbicides, rubber) 
in order to encourage and speed up the decision to 
start their manufacture in Arab countries. This 
applies to the- following product groups:'

a) Acetaldehyde, acetic anhydride, ethylacetate, 
methylethyl pyridine, ethyl acetoacetate, chloro- 
aceticacid, malonic acidr

b) acrolein, methylpyridines, fl-cyano pyridine, 
nicotinic acid



c) nitrobenzene, aniline, chloroanilines, phenyl 
hydrazine

d) benzoic acid, benzoyl chloride, benzyl cyanide

These plants will necessarily have to be incorporated 
in petrochemical complexes and ACDIMA's contribution 
has to be in the field of financing.

C. Availability of raw materials from other industries

Special attention has been dedicated to the present and 
future production of raw materials for synthesis by 
petrochemical plant going on stream or beeing in the 
planning or construction stage in many Arab countries. 
The following conclusions axe drawn:

a) aromatic solvents (benzene, toluene, xylenes, ligroin, 
naphtha) are available in export quantities from 
current operations

b) other organic solvents (methanol', ethanol, butanol) 
are produced in quantities sufficient for local 
consumption in the countries of origin.

c) ethylene dichloride and ethylenglycol will be 
produced in large scale in 5 years

d) basic inorganic chemicals and urea are in plentiful 
supply
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e) no direct starting materials for pharmaceutical
synthesis are produced or planned for production in
the next years, but will eventually be considered
under the necessity for diversification.

An overview of chemicals from petrochemical and other sources for 
the bulk synthesis of pharmaceuticals is given. The present production 
and the expected availability within the next 5 years is studied and 
given for each of the Arab Countries.

2.1. The vast resources of oil and gas in some Arab countries - 60$
■ resp. 25$ of world's proven reserves - so far have only been 
used marginally for the production of refinery products and 
chemicals by their respective producer countries. To illustrate 
this point, it may be noted, that the total Arab oil refining 
capacity in 1975 was only 13$ of Arab oil production. This 
situation will be totally different by 1980, when many of the 
large scale refinery and petrochemical projects launched since 
1975 have come on stream in every one of the oil and gas 
producing Arab countries.



It is common to almost all projects, that they confine 
themselves to the production of ethylene, propylene, 
and C^-hydrocarbons and their immediate derivatives as 
HDPE, LDPE, PP, PVC, ethylene oxide, ethylene glycol 
and amino-ethanol on the one hand and to aromatics as 
benzene, toluene, xylene, styrene, dimethyl terephthalate, 
caprolactam and the polymers made from these on the other 
hand. In addition, methanol is or vili be produced from 
natural gas by some countries. Not unexpectedly, plans 
for the diversification of those primary products into 
a broader line of chemicals have been postponed until 
the projects of 1975-1980 have come on stream. The second 
generation of chemicals actually provides most of the 
starting materials and solvents for the bulk synthesis 
of -pharmaceutical chemicals. A selected list of some 
of these products of major importance is given below.

Organic chemicals from petrochemical sources 
as solvents and rav materials of pharmaceuticals:

Chemical Example for use

• dichloro ethane solvent
ethanol solvent
acetic acid acetanilide, ASC 

acetylsalicylic acidacetic anhydride
butanol solvent



Chemical Example for use

ethyl acetate solvent
subst. malonic esters barbiturates
ethanolamine piperazine
cyclohexane solvent
acetone solvent
i-propanol solvent
phenol salicylic acid
m-aminophenol p-aminosalicylic acid
p-aminophenol paracetamol
chio ro-benzene solvent
p-nitrochloro-benzene dapsone
ainiline sulphas
dimethylaniline base, solvent
m-chloroaniline chloroquine

diazepam
chlordiazepoxide

benzylchloride pethidine
benzaldehyde chloramphenicol
guanidine sulphas

Inorganic chemicals available from petrochemical 
operations (including fertilizer production, sulfur 
recovery and chlorina production form sea water);

chlorine
bromine
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sodium hypochlorite 
soda
potassium salts 
sulfuric acid 
oleum
hydrochloric acid 
nitric acid 
ammonia 
urea
guanidine 
ammonium sulfate

It should be noted, that fermentation is another 
source of chemicals already used in large scale in 
Arab Countries. Ethyl alcohol, butanol and acetic acid 
are produced in several countries by this method.

2. 2. Availability of pharmaceutical raw materials from 
Arab productions

As the capacities of petrochemical projects are 
presently largely exceeding the demands of the Arab 
markets, considerable quantities of their production 
will have to be accommodated on the world market in 
competition with countries having a highly integrated 
production program. With due consideration of the high



investment in infrastructure, increased competitiveness 
cannot be expected from cheaper production costs. There
fore, despite the lack of projects for the immediate 
future, integration into a diversi fied line of down-stream 
chemicals will inevitably have to occur and may be expected 
for the period 1984- 1 990 in the Arab countries. This will 
at a later time Imake available some of the chemicals of 
list 1 and all of list 2 within the Arab economic 
community.

2.3. Production of chemicals in various Arab countries

. Data on,already existing or projected production of 
various inorganic and organic chemicals selected with 
consideration of their usefulness in pharmaceutical 
synthesis is presented below separately for each country.
It is understood, that a part or all the amount produced 
may be taken up by the local market or another down— stream 
production ( e .g . ammonia - urea). Still the quantities 
used in pharmaceutical synthesis are comparatively small 
and can always be diverted.

The information presented was collected on visits in 
Iraq, Kuwait and Libyan Arab Jamahiriya In September 1377. Some 

data are from a. 1977 literature source (l) and from (7).
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Petrochemical Projects

Petrochemical Project Basra 1 : using natural gas, on 
stream in 1980 to produce:

130,000 mt/yr of ethylene
60.000 mt/yr PVC
60.000 mt/yr LDPE
30.000 mt/yr HDPE
40.000 mt/yr caustic soda chem. grade

Enough polypropylene vill be produced for the production 
of

50 Mio bags

(for agricultural products), present production being 
20 Mio/yr.

Petrochemical Project Basra 2: in the planning stage 
and not yet approved is laid out for th* input of

200.000 - 300,000 mt/yr of naphtha
to give in 1 9 8 5: benzene for the production of styrene

"and polystyrene 
toluene
xylenes for the production of dimethyl-
terejithalate and fibres
butadiene for the production of rubber
acrylonitrile for the production of
fibres
ethanolamine



The capacity of this complex vili eventually be doubled.

Fertilizer- projects:

Basra fertilizer plant is in operation using natural 
gas to give

84.000 mt/yr (200 mt/day) of ammonia
52.000 mt/yr of urea
138,000 mt/yr of ammonium sulfate 

325 mt/yr of sulfuric acid

A first-extension is nov being commissioned to add

800 mt/day of ammonia 
1,300 mt/day of urea from the ammonia

A second extension under construction vill produce in 
2 lines 2,000 mt/day of ammonia

1,620 mt/day of urea from ammonia

No nitric acid vill be produced.

Sulfuric Acid

Sulfuric acid is produced from recovered sulfur in 
Kirkuk and Meshrakoil fields.

Methanol: not produced, but a study for the production 
from natural gas is being carried out.



\

E t h y l a l e o h o l: from fermentation 

Recent production in 2 plants
i

4,000,000 l/yr |

Planned production is for !
i

6 ,500,000 l/yr Ij
Butanol ; vill be produced from petrochemicals at a j

later time. A study repealed a fermentative process :
to- be uneconomical. >

Glucose; from dates j

40,000 mt/yr. of the annual production of 350,000 mt. of dates
* ►vill be processed to give a mixture of glucose and '■

fructose as 68 % aqu. solution at an amount of 30,000 mt/yr.
In pilot studies the crystallisation of pure glucose vas 
achieved. This crystalline product is likely to be suit
able for pharmaceutical purposes, its quantity could 
be 5,000 - 8,000 t/yr.

Tartaric Acid

From 10,000 mt/yr of grapes, vhich vill be processed for 
1 , 5 0 0 mt/yr of grape juice concentrate, 50 mt/yr of crude 
tartaric acid vill be produced by deep cooling. No de
cision has so far been made about its further processing.

2.3.2. Kuwait: Ref.: (1), (5), (7)

i

+



Petrochemical projects

A LPG plant to produce 5,000,000 mt/yr of propane, butane 
and natural gasoline will be the source of copious quanti
ties of ethane to produce

325.000 mt/yr of ethylene, which is
further processed to

130.000 mt/yr of LDFE
320.000 mt/yr of styrene
1 3 0 . 0 0 0 mt/yr of ethylenglycol

The .study for this project vill be ready by end of 1977 
and actual production may be expected in 1982 considering 
1 year for the engineering and 4 years for construction. An 
Aromatics project to use naphtha as a feedstock is 
already approved, but engineering has not yet started; 
possible start-up time is 1 9 8 2; production will be

283.000 mt/yr of benzene
60.000 mt/yr of o-xylene
86.000 mt/yr of p-xylene

This production is intended for export.

Fertilizer Projects

Ammonia: Extensive fertilizer facilities already exist 
at Shuaiba using natural gas. Capacities exist for

660.000 mt/yr of ammonia
664.000 mt/yr of urea
130.000 mt/yr of sulfuric acid
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Source of sulfur is Kuwait National Petroleum Company, 
which recovers it from sour streams.
In 4 additional plants, liquid ammonia and 550 mt/day 
of urea, shortly to be increased to 950/day are produced.

Projects still away from implementation are concerned 
vith producing butadiene, methanol and petroprotein.

3.3. Libyan Arab Jamahiriya: Ref.: (l), (6), (7).

Petrochemical Projects

A steam, cracker is under design in Tobruk, which will 
produce

300.000 mt/yr
1 7 0 . 0 0 0 mt/yr
270.0 00 mt/yr 
60,000 mt/yr

(1 ,0 0 0 mt/day) of ethylene 
of propylene 
of pyrolysed gasoline 
of C^-hydrocarbons

Only 150,000 mt/yr of total ethylene production is 
already committed for the production of

50.000 mt/yr
50.000 mt/yr
50.000 mt/yr

of LDPE 
of HDPE
of ethylene glycol

The remainder of 150,000 mt/yr will be available for 
export and other productions. Studies are under way to 
decide between the production of acrylonitrile, cumene, 
phenol and acetone or polypropylene as the best use for 
propylene.
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Aromatics will be extracted from the pyrolized gasoline 
fraction to give benzene, toluene and xylenes, which will 
go into the production of 20,000 mt/yr of piyestej>-fibres. 
Butadiene will be the product from the - cuts. There 
may be a production of

18 ,0 0 0  mt/yr of caprolactam
pending a decision between the latter and acrylonitrile 
as basic material for fibres. Phenol and acetone or cyclo
hexane are alternative intermediates of 2 processes to 
produce caprolactam and would be vital for pharmaceutical 
synthesis.

Fertilizer Projects

Breda- plant will produce from natural gas already 
in 1977 in quantities of

1 . 0 0 0 mt/day of ammonia to go-into
1 . 0 0 0 mt/day of urea

An extension of this capacity to add 
1 , 7 2 5  mt/day of ammonia 

is under design.

Methanol :

For Breda, the production of
1 . 0 0 0 mt/day of methanol

will start in 1977. For the moment, Algeria and Libya 
are therefore the only Arab producers of solvent methanol.

*



Inorganic Chemicals:

Abu Kammash is the location of an electrolysis plant 
already under construction to put out

50.000 mt/yr of hydrogen chloride
50.000 mt/yr of 99 % caustic soda
60.000 mt/yr of chlorine 

for the production of FVC and •
3,000 mt/yr of sodium hypochlorite 

The feasibility study for a similar plant in Mrada is 
under vay.
Production vill be

100,000 mt/yr of chlorine, bromine and 
magnesium oxide..

3.4. Saudi Arabia: Ref.: (1), (7)

Petrochemical Projects

Yanbu: as joint venture
450.000 mt/yr 
45,000 mt/yr

300.000 mt/yr
300.000 mt/yr 

Yanbu: as joint ventuie
450.000 mt/yr
160.000 mt/yr
400.000 mt/yr
200.000 mt/yr

vith Shell Int., due on stream in 19^2

of ethylene
of ethylen dichloride
of styrene
of caustic soda
vith Mobil, due on stream in 1982

of ethylene
of ethylene glycol
of styrene
of polyethylene



Jubail: 2 projects of similar size are under consideration.

- Methanol :

Jubail: a venture for the production of
600.000 mt/yr (2,000 mt/day) of methanol 

is presently being negotiated.

Ammonia/Urea:

Damman: Present production is
200.000 mt/yr of ammonia
350.000 mt/yr of urea

.Additional production under planning in Jubail amounts to
450.000 mt/yr of urea

Sulfuric Acid:

In Damman, a production of
1 8 ,0 0 0  mt/yr of sulfuric acid 

is operative.

3.5. Tunisia: Ref.: (7) '

Capacities for 300,000 mt/yr of ethylene are considered 
in Tunisia for the next decade.

3.6. Aleeri a : Ref.: (1)

Petrochemical Projects:

Arzev: based on natural gas, a petrochemical production



is due on stream in 
120,000 

48,000 

36,000
41.000
40.000 

35,000
280,000

1977 to deliver 
mt/yr of ethylene 
mt/yr of LDPE 
mt/yr of chlorine 
mt/yr of caustic soda 
mt/yr of vinylchloride 
mt/yr of PVC
mt/yr of aromatic extraction products.

Fertilizer Projects

Arzev: there is an existing production of
330.000 mt/yr of ammonia
140.000 mt/yr of nitric acid
140.000 mt/yr of urea
1 7 5 .0 0 0 mt/yr of ammonium nitrate 

Expansion to double capacity is under vay for all these 
products.

2.3.7. Morocco; Ref.; (1 )

Most of Morocco's chemical industry centers on phosphates 
and fertilizers; towards 1990 , capacities for 

' 600,000 mt/yr of urea
may become operative. A complex to produce soda, chlorine 
and PVC is under construction. Sulfuric acid and ammonia 
are produced as intermediates for phosphoric acid and 
ammonium phosphate, production.
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2. 3 . 8 . Dubai and Abu Dhabi: Ref.: ( l)

Production from natural gas of
2.000. 000 mt/yr of ammonia
1 .000. 000 mt/yr of urea

is due on stream in 1979 with 2 more ammonia plants under 
consideration.
A plant for

230.000 mt/yr of sulfur is due for operation 
in 1977 and plans for the production of

5,000 mt/yr of sulfuric acid
are under study.

0

?*3.9. Quatar: Ref.: (1)

Petrochemical Projects:

A project based on natural gas is in advanced planning 
for the production of

300.000 mt/yr of ethylene
140.000 mt/yr of polyethylene

Fertilizer Projects:

Natural gas is also the feedstock for aua operative 
production of

270.000 mt/yr of aunmonia
300.000 mt/yr of urea

m



2.3.10. Egypt: Ref.: (1 ), (7)

The production of chemicals is reported in some detail 
in (7). Therefore, only a list of quantities and/or 
capacities together with an indication of present or 
future availability is given here.

Petrochemicals

Ethylene, LDPE, HDPE and PVC are in consideration for 
production in a joint venture with Montedison and 
production of DMT, inorganic chemicals and polyester 
fibres is intended.

260,000

280,000

550.000
500.000

35.000
32.000

50,000

2,500

1 5 ,0 0 0

63,000
1,000

280,000

385,000

mt/yr of ammonia in 2 plants: on stream
mt/yr of urea: on stream
mt/yr of urea: due on stream 1978

mt/yr of urea: projected
mt/yr of caustic soda: available
mt/yr of soda (capacity 100,000 mt/yr 

• available)
mt/yr of chlorine: available 
mt/yr of hydrochloric acid: available, 
mt/yr of hypochlorite: available 
mt/yr of ferric chloride: available 
mt/yr of hydrogen peroxide: available 
mt/yr of nitric acid in 2 plants : on strea 
mt/yr of ammonium nitrate: on stream

A



As a byproduct of coke production are available 
3,50C mt/yr of benzene 

500 mt/yr of toluene 
250 mt/yr of xylene 

50 mt/yr of crude phenol 
350 mt/yr of refined phenol 

1 , 2 0 0 mt/yr of naphthalene
Sulfuric acid is produced as intermediate in fertilizer 
production.

Solvents

Ethyl alcohol, produced from molasses is available in 
quantities to satisfy local needs.
Butanol from fermentation of molasses is produced in 
amounts still insufficient for local consumption.
Glacial acetic acid is available from fermenting ethyl 
acetate and butyl acetate are also produced in Egypt.

2.3.11. Syrian Arab Republic: Ref.: (l).

Small capacities for ammonia are operative and a major 
petrochemical project, timed to start in 1935 will produce

57.000 mt/yr of polyethylene
62.000 mt/yr of propylene
64.000 mt/yr of polyvinyl chloride



The production of aromatics vill be considered in a 
second stage. A plant for production of

300,000 mt/yr of ammonia is in design and 
urea capacity is under construction.

2.3.12. Jordan: Ref.: (1 )

Sulfuric acid vill be produced by 1979 from imported 
sulfur; from the Dead Sea,

1 ,000,000 mt/yr of potassium chloride vill 
be available in mid- 19 8 0.

2.3.13. Sudan and Somalia:

No petrochemical production is on record.

. Conclusions

From an inspection of the data presented, it can be 
concluded, that aromatic solvents, mineral acids, 
ammonia, ammonium sulfate, methanol and ethanol are 
already available in large or sufficient quantities.

A vider range of solvents, chlorine and alkali vill 
be amply available vithin 5 years. On the other hand, 
projects for fine chemicals (e.g. aniline, chloraniline) 
are novhere on record for the immediate future.
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As processes for these chemicals are optimized for 
comparatively large throughput integrated into large 
chemical operations in Europe, Japan and North America, 
the production of minor quantities needed for pharma
ceutical use is not likely to be economical in the next 
decade.
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D. M ultipurpose o lant

General outline
The following description gives a general idea of one 
of many possible solutions of a" multiprupose plant. The 
possibility of stepwise enlargement is stressed. Initial 
capacity will encourage the synthesis of chemicals with 
few reaction steps and in lesser quantities; one fvrther 
step of expansion is described, which allows the 
production of multistcp products.
It is the mainpurpose of this proposal to provide an 
opportunity for gradual build-up of expertise in v _■ 
fields o.-

process development from laboratory stage
integrated plant management
integrated plant operating skills
skills in maintenance of apparatus
skills in maintenance of pneumatic and 

electronic controls.

All of thes'e skills' are vital for successful and 
undelayed operation and cannot be expected to be 
aquired within short time. The point is stressed-, 
that initial plant size and number of reactors should 
not be very large, but space and capacity of utility 
ins. lations should allow later extensions. It is



suggested, that the plant in its primary stage is located 
adjacent to El Nasr Fharmaceutical Co. and will be 
supplied with utilities and manpower from there.
Initial investment can be kept down in this way.
Despite the availability of plant personnel from El 
Hasr main factory, provisions should be made with the 
contracting company or others for special training of 
the work force, especially in maintenance of sophisticated 
equipment.

Time.schedule :

Tendering, engineering proposal 1 year
Construction: 1st stage 2 years
Operation of 1st stage 2 years
Expansion to 2n<̂  stage 1 year

3. 2. Description of plant:

3.2.1. Buildings :

Mainproduction building: 5-storied steel-concrete 
building, constructionally subdivided in 6 units 
12 x 2o m; 4 units occupied in 1. stage. 1 Unit can 
be separated by brick wall for hazardous or toxic 
operations, other units form large nave, horizontally 
divided by concrete flours into 5 levels:



Function of levels:

Top level (2o m): short term storage,
charging bins

4*" level ( 1 5 m): reactors, condensors 
3rd level (1 o m): centrifuges, filters 
2n level ( 5 m): driers, mills
Ground level (0 m): packing, holding tanks, floor

Each level has enough floor space for movement of 
fork-lifters.

3.2.2. Ancillary buildings: storage, refrigeration units 
(brine), maintenance shops, in-process control and 
analytical laboratories, lavatories, social rooms. 
2 Buildings.

3.2.3. Solvent storace: underground facility

3.2.4. Gas storage: open roofed structure

2.5 . Rail access

3.2.6. Sewage treatment tanks

3.2.2. through 3.2.6. may be unnecessary in 1 .stage



3.3. Equipment:

Explosion proof constructions throughout.

3.3 . 1 . Reactors: a l l  equipped v i t h  a g ita t o r ,  s ta in le s s  s t e e l
n

or glas .condensors (10 m ), heating/cooling ja c k e t,  

permanent pipe connections to adjacent ve sse ls  and to  

several holding tanks (on ground f l o o r ) ,  rubber hose 

connections should be avoided.

Pressure res is ta n t  vessels  equipped v i t h  pressure 

proof condensors.

Reactors v i t h  high temperature o i l  heating in  separated 

u n it .

T r a f f i c  way for f o r k - l i f t e r  access to every reactor.

1 4 ooo 1 enamelled

4 2 ooo 1 . _ II _ /

1 2 ooo 1  ̂ It . / o i l  heating

1 2 o o o 1 _ II _ /  1o ato

1 1 ooo 1 . n .

4 6 ooo 1 — It _ 2 . stage

.1 4

ooo 1 s ta in le s s s t e e l

1 2 ooo 1 _ ii _

1 2 ooo 1 _ ii _

1 1 ooo 1 . _ H _ /  1o ato

1 1 0 ooo 1 _ n ^ 2 . stag?

2 6 ooo 1  ̂ ii _ 2 . stage

1 2 ooo 1 _ n _ /  1o ato 2. stag



15 1oo -  75o 1

3.3.2. Measuring tanks:

glass, 
enamelled, 
stainless steel 
mild steel 
polypropylene

1 2 5oo - 1 OOO 1 — ft _ 2 . stage

3.3.3. Holding tanks :

25 2 OOO - 2o 000 mild steel
* stainless steel

15 ' 6 OOO - 2o 000 _ 11 __ 2. stage

3.3.4. Solvent storage tanks• •

8 50 OOO mild steel, 2. stage

3.3.5. Pumps for liquids:

8 1 o - 75 m3/hr enamelled

4 75 m3/hr _ If - * 9 2. stage

1 2 1 o - 75 m3/hr stainl.steel

6 75 m3/nr _ 11 _“ 9 2. stage

1 o special purpose



3.3.6. Product stills: oil heated

2 250 1 stainl. steel - glass
1 5oo 1 stainl. steel
1 1 ooo 1 - " — , 2. stage

4 oil pumps, o,1 Torr

Solvent stills; evaporators;

1 film evaporator, 6oo 1 /hr, stainl. steel
' 1 , - •» - 2 . stage

2 stripping columns, stainl. steel
*

1 - " - , glass

all distilling vessels vith 6 ooo 1  capacity; 
1 fractionating unit, 1 ooo 1

3.3.8. Centrifuges : stepless, peeler-type and other

4 75o mm stainless steel
3 1 2oo mm _  It _“  9 2. stage

2 7 5o mm rubberized
1 1 2oo mm _ tl 2. stage

3. 3.9. Filters : 

1 2 (2o 2 . stage) enamelled and stainl. steel



3.3.lo. Dryers;

1 traydxyer, 6 chambers . 25 2m eacii tray area
1 tumble dryer, 3m
2 tumble dryers, 3m^ • 2 . stage
2 fluidized bed dryers, 1 oo kg batches
3 _  It _

t
ooCVJ kg batches, 2. st,

3.3.11. Vacuum pumps: water ring pumps to be avoided in a
recycled water system
central vacuum system not recommenced

1 2  (+ 8 , 2. stage) self priming type (refrigerated)
*

4 (+ 2, 2. stage) steam pumps, ceramic

3-3»12. Ancillary equipment:

4 (+ 2, 2. stage) mills and sieves
3 fork lifters, charging bins: stainless steel 

and polypropylene

3.3.13. Gas absorbers for each reactor, sewage dilution tanks, 
neutralisation tank, oil separator

3.3.14. Refrigeration, brine (-8°)

1 unit 4oo ooo kcal/hr (2.stage)
1 ice generator 

ice mill1



3.3.15* Utili ti ss: 1. stage 2. stage

steam 7 ato, t/yr 2o ooo 35 ooo
3water, total, m 1 Mio 1,5 Mio

electricity, 38o V,
5o cps 1,5 Mio 2,5 Mio

refrigeration, brine •
kcal/yr 2 Bio 3 Bio

nitrogen, m /yr 1 oo ooo 1 5 o ooo

3.3.16. Spare part reserve:

2 reactor bodies, centrifuge, 1 o pumps etc.

3.3.17. Manpower: 4 shift-operation

2 
4 

1 o 
6o

managers
production engineers
technicians (maintenance, laboratory)
workers

5o % increase for 2. stage

3.3.18. Total investment :

5,7 Mio US$
9,3 Mio USS

1 . stage 
2 . stage (total)

3.3.19. Annual cost: 2o % deprec. on apparatus
1 o % deprec. on buildings
manpower
utilities

1. stage: 1 , l Mio US5
2. stage: 1,9 Mio US$ ( t o t a l )
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E. Industrial profile of some synthetic drugs suggested for production

4; 1. Short term proposals:

Some synthetic drugs and intermediates are proposed 
vhich are considered suitable for production in idle 
equipment at El Nasr Pharmaceutical Company. A detailed 
list of all surplus apparatus vas not available for 
checking against the requirements in individual productions;

J " ‘ _  T^e group of chemicals
suggested for production in Table 1 is therefore to be 
understood as list of options according to the possibilitier 
of the remainimg pool of equipment.
The criteria for chosing or rejecting a chemical for short
term-production were:

a) products s’hould be' easy to synthesize
b) available equipment uncommitted.......... *

c) products should represent therapeutic groups 
not produced so far in Arab countries

d) products Should be taken from requirements of druss or should 
be intermediates (also for antibiotics, e.g. procain, 
potassium, phenylacetate)
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e) products marked for separate production units 
are not considered (exception: niacinamide,
.isoniacid during the time untill start-up of special 
plant)

f) products recently withdrawn or restricted on some 
markets because of side effects (hydroxyquinolines, 
metformin) or of limited use (nalidixic acid)

g) drugs produced in optimized very large scale 
operations abroad and clearly uneconomical (e.g. 
ascorbic acid)



Table 1 : Chemicals and dru<rs for short term production

benzyl nicotinate 
calcium glycerophosphate 
chloroquine •

dapsone ' 
ethambutol 
ethyl nicotinate (intermediate)
guaiacol glyceryl ether 
methyl phenyl malonate (intermediate)
methyl phenyl acetate (intermediate)
metronidazole
niacinamide 
nikethamid 
niridazole 
ni trofurantoin
nitrofurazone 
p hen ob arbi t one 
phenytoin
phthalyl -sulfathi azole 
potassium phenylacetate
thiacetazone

l) Phthalylsulfathiazole can partly substitute halogenate
hydroxyquinolines, which may be withdrawn from the 
market.



4. 2. Long term proposals;
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|»

The proposals assume the existence of a least one 
multipurpose plant and of special units for optimized 
large scale production. Special units permitting 
hydrogenation under pressure should be included in 
planning. (Table 2)

Some profiles for drugs in Table 1 and 2 are given 
in the following pages. Data from the literature on 
production procedures are notoriously sketchy and 
profiles therefore are estimates with a large margin 
of error. Cost estimates are subject to the same 
Uncertainty and have not been detailed.

t
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Table 2: Chemicals for long term production

ascorbic acid (economy questionable)
thiamine 
pyridoxal
axerophthol (economy questionable)
propyphenazone (substitute.for aminopyrazolones)
theophyllin 
piperazine base 
nitrofurfuraldehyde di acetate 
novoldi amine
4 ,7  - dichloroeuinoline

(intermediate)
(intermediate)
(intermediate)



BENZYL NICOTTNATE

Ref: -
Materials: for 2 t

benzylalcohol 1,84 t
nicotinic acid 2,o . t
di chloroethane 1(recov.loss) 1 9 5 U

sodium hydroxide 5o% 1,5 t
hydrochloric acid 2,o t

Eemi pment:
1 reactor 500 1 , steel, water separator, solvent still, 
product still, filter for recovered nicotinic acid

CHLOROQUINE

Method of preparation: substitution of 4,7-dihalo-quinoline 
Ref.: Ger.pat. 683692 (1939)

US pat. 2233970 (1941)
A.R. Surrey, H.F. Hammer, JACS 68_, 113 (1946)
R.L. Kenyon, J.A. Wiesner, C.E. Kwartler,
Ind..Eng. Chem. 41, 654 (1949)

Matr ri als:for 6o t
4 ,7-dichloro quinoline 38,5 t
novoldiamine 3o,7 t
phene i 1 2 , 3 t
phosphoric acid 70 % * 54,4 t
methanol 35 kltr
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E<iu i r>rncnt;
1 reactor, 1 ooo, agitator 
1 vessel, 2ooo, agitator, enamelled 
1 reactor, tooo,- agitator 
1 crystallizer, steel 
1 measuring tank
solvent still, centrifuge, drier 

Time: 4o days

DAP SONS

Method of preparation: oxydation of 4,4'-dinitro diphenyl 
sulfide, followed by reduction of nitrogroups.

Ref.: US .pat. 2285899 U945' 
Materials: for 5 t 

p-ni trochlorobenzene 8,3 t
sodium sulfide 4,1 t
acetic acid 18,0 t
•sodium hypochlorite 3o% 15,2 kltr.
stannous chloride 54,4 t
hydrochloric acid 41 ,o kltr.
sodium hydroxide 1 00,0 t
ethanol (after recov.) 7,o kltr.

Eau Lpment:
1 reactor, looo 1 , stainl. steel 
1 reactor, 2ooo 1 , stainl. steelt
1 reactor, 4ooo 1 , enamelled



-  32 -

1 v e s s e l ,  6000 l ,  s t a i n l .  s t e e l  

1 v e s s e l ,  2ooo 1,  s t e e l  

3 measuring tanks, 500 1 

rubberized centrifuge  

centrifuge,  s t a i n l .  s t e e l  

drier

solvent d i s t i l l - t i o n ,  glass  

Time: 60 days

DIETHYL PHENYL MALONATE

Method of preparation; e s te r  condensation with diethyl  oxalorcc 

followed by decarbonylation.

Ref.: BIOS 766, 46 
Materials; for 3o t

ethyl phenylacetate 2 2 , 4 t
diethyl oxalate 2 2 , 4 t
sodium ethylate 2 2 ,8 t

: hydrochloric acid 5 6 , 1 t
benzene (recovery loss) 3 , 2  t

Equipment:
2 vessels 1000 1 , stainless steel with agitator 
1 vat
1 separation vessel with agitator, wide opening
2 measuring tanks, 500 1

1 reactor, enamelled, to attain 1 7 0 0 

product still, 600 1

Time: 1 00 days



ETHAMBUTOL

Literature data insufficient for evaluation of 
industrial profile.

ETHYL NICOTII.'ATE 

Intermediate for niacinamide
Method of preparation: ethanolysis of acid chloride 
Ref.: G. Lock, Pharm. Ind. 14, 366 (1952)
Materials: for 25 t 

nicotinic acid 25,5 t
thionyl chloride 4 1 , 6 kltr.
ethanol 21 ;F~k1  tr.
benzene 

Equipment:
6 , 2 kltr.

1 reactor, 1 ooo 1 , agitator, condensor, enamelled 
1 vessel, Looo 1 , enamelled (separator)

; 1 vessel, 2ooo 1 , steel
product still 3oo 1 , vacuum pump 

Time; 12o days

ETHYL P H E N Y LACETATE

Method of preparation; ethanolysis of nitrile
Ref.: BIOS 766, 45 »
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Materials; for 3o t
benzyl cyanide 5o , 3 t
cone, sulfuric acid 5 4 , 5 t
ethanol 4 3 , 1 t
benzene (recov.loss) 7 , 0 t
sodium carbonate 3 , 4 t
hydrochloric acid 1 , 0  t

Equipment;
1 reactor, 1000 1 , agitator, condensor 
1 vessel, 4000 1 , vith agitator 
1 measuring tank, 500 1  

product still, 1 ooo 1 , or parallel stills 
filter,for phenyl acetic acid 

Time: 75 days

FURAZOLIDONE

Ref.: US pat. 2759931 (1956)
H.J. Sanders, R.T. Edmunds W.B. Stillman,
Ind. Eng. Chem., 47, 358 (1955)

Materials: for 1o t
5-nitro-furfural-di acetate 9,9 t
hydroxyethylhydrazine 3,9 t
sodium methylate o,3 t
diethyl carbonate 6 , 1 t
methanol 6 kltr.
i_soprcpanox 1 , 5  kltr
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Eguipment:
1 reactor, 500 1 , agitator, condenser, stainl. steel
1 reactor, 1 ooo 1 , agitator, condenser
2 measuring tanks 
centrifuge 
dryer

Time: 40 days

GUAIACOL GLYCERYL ETHER

Ref.: Span. pat. 21 292o 
Materials: for 1o t

guaiacol 7,65 t
dihydroxychioro-

propan 6,79 t
sodium hydroxide 2 , 2 4 t
benzene (rec.loss)6 , 2  kltr.

Equipment:
1 reactor, 1000 1 , agitator, condenser, stainless steel, 
steam injector, film evaporator, pressure filter, 
centrifuge 

Time: 15 days

ISONIACIDE

Method of preparation: hydrazinolysis of ester 
Ref.: Lock, Pharm.Ind. 14, 366 (1952)
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Materials: for 2o t
isonicotmic acid 24,1 t
thionylchloride 
hydrazine hydrate 
ethanol (recov.loss)

1o,5 t
27,7 t

5 ,o. t
benzene (recov.loss) 3,o t

Equipment :
1 reactor, 1 ooo 1 , agitator, condenser, enamelled
2 reactors, 2ooo 1 , agitator, condenser, stainl. steel 
1 measuring vessel, 5oo 1

1 vessel, 2ooo 1 , steel 
1 product distillation, 25o 1  

Time : 45 days

METRONIDAZOLE

Ref.i US pat. 2944061

Cossar, Arzneim.-Forsch. 1̂ 6, 23 (1966)
Method of preparation: reaction of 2-methyl-5-nitro

imidazole with éthylenchlorohydrin 
Materials ; for 5 t

2-methyl-5-nitro-imidazole 16,5 t
ethylenchlorohydrin (recov.loss)41,4 t
chloroform (recov.loss) 1 o,o t
ethyl acetate 5 ,o t



Equipment:
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3 reactors, 2ooo 1, stainless steel 
1 crystallizer, 2ooo 1 , stainless steel 
3 storage tanks, 4ooo 1 
continous extractor 
pressure filter 
centrifuge 

T̂ rne: 5o days

NIKETHAMIDE

Method of preparation: reaction of nicotinoyl chloride 
with diethylamine 

Ref.: Swiss pat. 9o8o7 
Materials: for * t

1 o ,6 t 
1 5 ,o t 
6,3 t 
5 ,o kltr.

nicotinic acid 
thionylchloride 
diethylamine 
benzene (recov.loss)

Equipment:
2 reactors, 5oo, 1 ooo 1 , enamelled, condenser, absorber 
2 measuring tanks, 2oo 1 , product still 25o 1  

solvent still
Time: 65 days



NIRIDAZOLE

Ref.: M. Wilhelm et ai. Helv.Chem. Acta, 49, 2449 (1966) 
Materials: for 2 t

2-ami no-thiazole-HCl 4,93 t
cone, nitric acid T;3 t
cone, sulfuric acid 4,3
sulfamic acid 0 , 1 t
act. carbon o , 2 -t
ammoni a
chlorethyl isocyanate 7,5 t
tetrahydrofuran (rec.loss)4,o t
chloroform (rec.loss) 2,o t
light benzine (rec.loss) 2 ,0 t
dimethyl formamide

(rec.loss) 3,o *•

methanol (rec.loss) 2 , 0 t
Equipment:

5 reactors, 1000 1 , agitator, stainless steel 
1 vessel, 4ooo 1 , stainl. steel
1 reactor, pressure proof (4 ato)
2 measuring tanks
1 reactor, 6ooo 1 , mild steel 
nutsche filter, pressure filter 
film evaporator, centrifuge 

Time: 2o days
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NITROFURAZONE

Ref.: US pat. 2416234 (1947)
H.J. Sanders, R.T. Edmunds, W.B. Stillman 
Ind. Eng. Chem. 47, 358 (1955)

Materials: for 5 t
5-nitro-furaldiacetate 5 , 9 t
urea 2,4 t
hydrazine hydrate 2,o t
isopropanol 1 ,o kltr.
sulfuric acid 1,3 kltr.

Equipment:
. 1 5oo 1 ,reactor, condenser, agitator, stainless steel

1 1 ooo 1 reactor, enamelled
2 measuring tanks
1 crystallizer 5oo 1  steel 
1 pressure filter 
centrifuge 
drier

Time: 3o days

PHEN08ARBIT0NE

Method of preparation: ethylation of dimethyl phenylmalonate, 
condensation vith dicyandiamide, saponification 

'Ref.: Kirk-Othmer III, 68
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Materials: for 2o t
dimethyl phenylmalonate 2 7 f 2 t
ethyl bromide 16,7 t
dicyandiamide 9,7 t
sodium methylate 28,2 t
hydrochloric acid 2 7 , 2 t
sulfuric acid 64,4 t
5o% sodium hydroxide 4,1 t
charcoal o,6 t
methanol (recov.loss) 27,o t
benzene (recov.loss) 1,2 t
trichloroethylen (loss,lo%) 5,8 t

Equipment:

5 reactors, 2ooo 1 
5 vessels, 5oo - 4ooo 1 
product still 
solvent still 
film evaporator 

Time: 6o days

PHENYTOIN.

Method of preparation: reaction of benzil with urea 
R e P: US pat. 2653920

I. Klosa, Chem. Tech. 4, 371-2 (1953)
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Materials ; for 5 t

benzaldehyde 6,5 t
acetic acid 

(rec.loss 2o%) 3,2 kltr
sodium cyanide o,o5 t
ammonium nitrate 2,74 t
copper sulfate 0 , 0 5 t
sodium nitrite o,o25t
potassium hydroxide 1,6 t
urea 4,o5 t
hydrochloric acid 2,4 kltr

Equipment;

1 reactor 2ooo 1, agitator, condenser
2 measuring vessels, 5oo 1, pressure filter
3 centrifuges, solvent still, 2ooo 1 

Time: 3o days

PHENYLBUTAZONE

Available literature information insufficient for 
evaluation of industrial profile



PHTHÀLYL SULFATHIAZOLE

Ref. ; Fr. pat. 57652 (1953)
Fr. pat. 972920
US pat. 2324013-15 (1943)

Materials: for 25 t
bromoacetaldehyd diethyl acetal 18,o t
thiourea 13,3 t
ACS ’ ’ 21,7 t
pyridine (recov. loss) 5 , 0 t
phthalic anhydride 1o,5 t
cone, hydrochlorid acid
sodium hydroxide *

Equipment:
2 reators, 2ooo 1 , 4000 1 , agitator, condensor, enamelled 
pressure filter 

2 crystallizers 
centrifuge 

4 measuring tanks 
solvent still 

Tine: 35 days-

POTASSIUM PHENYLACETATE

to be taken up after start of penicillin production 
Method of preparation: hydrolysis of nitrile
Ref. : Kirk-Othmer, 15, 213
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Materials : for 15 t
benzylcyanide 1 ? , 2  t
potassium hydroxide 14,5 t

Equipment :
1 reactor, 4000 1, agitator, steam injector, condenser, 
pressure filter

product used as aqueous solution 
Time : 15 days

THIACETAZONE

Ref.: Das, JACS, 75., 1 ?.41 (1953)
Materials: for 2o t

p-amino-benzaldehyde 28,1 t
acetic anhydride 23,7 t
hydrazine 75 % 2 5,o t

.ammonium thiocyanate 5 4 , 6 t
chloroform (recov.loss) 7 , 0  t

: ethanol 5 , 0  t
Equipment:

2 reactors, 1 ooo 1 , agitator, condenser 
2 crystallizer, pressure filter, solvent still 
2 measuring tanks 

Time: 75 days
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F. Production plan for drags recommended. 
for synthesis in a multi-purpose plant

Comments and economic analyses

The list of drugs as recommended for short term production in 
-- - [<rakle 1 has 5een compiled with reference

to the following criteria
a) usefulness in Arab countries
b) feasitCLity of synthesis
c) products already under active planning or implementation 

have been excluded as they are not likely to be the subject 
of a parallel second effort.

Thus important drugs may appear missing, which have in fact 
already been dealt with.
A list of drugs which can be produced within the capacity 
of the proposed multi purpose plant is identical with the
contents of Table 3. ____ Ample remaining capacity
permits the synthesis of several more bulk drugs which 
should be seen as examples. An economidal analysis for a 
production programme as given in Table 4 was carried out.

The value of analysis is ’ limited by severe restrictions, 
which have to be clearly pointed out:
a) detailed chemical information on the conditions, time 

.requirement and yields of individual reactions can be 
obtained only by either i) purchase ■ of knowhow from 
a producer or ii) experimental process evaluation.
The technical literature practically never yields 
technological details. Any estimates as given here
under were arrived at by exercising professional 
expertise, but may be subject to gross errors.



b) intelligent planning of parallel or subsequent productions 
in a multipurpose plant is possible only in conditions as 
described under a)

c) product and raw material prices generally are available only 
from queries to commercial dealers unless the information 
from running productions can be tapped. For commercial 
reasons, information on a larger number of chemicals is
not easily revealed in the absence of plausible evidence
of forthcoming purchases._Some of the data used therefore
are estimates arrived at by making economically and chemi
cally reasonable assumptions.These data have been put in 
parentheses. Prices taken from daily operations of an Austrian 
producer include taxes and freight and may be higher than 
offers to ACDIMA.

Mode of calculation

Although the profitability of individual productions has 
been indicated, it should be understood that a clean 
separation between several productions running simultaneously 
in a multipurpose plant is * difficult to make. The annual cost 
of plant operation, excluding chemicals, but including manpower, 
utilities and depreciation has been added in estimated aliquots 
to individual productions. Uncommitted aliquots from idle time 
of the plant (maintenance) have been added to the total sum 
of all costs. Although individual profitabilities can be 
calculated, it is more practical to consider the economic 
result of all productions of a year taken together. For this 
reason, individual productions have been accepted even when 
they turned out to moderately uneconomical, but a few highly 
uneconomical products have been eliminated. These latter 
calculations are given separately.
The treatment of working capital was done in the same line 
of thinking. At first, the total working capital was added 
to the cost of individual productions of the first year



rather than spreading it over a 10-year span of time, as 
would be unlogical with a fast changing production programme. 
The excess amount of working capital thus charged to indi
vidual products was refunded by adding to the total profit 
of the whole plant. Profitability is not changed deeply by 
this procedure and uneconomical processes still show up 
clearly. Taxes and interest have been disregarded.

As result, a multipurpose plcint of the size proposed did 
indeed show a profit, thus permitting to carry on productions 
even of some few individually uneconomical items which may 
be desirable from the point of view of selfsufficiency of 
the Arab market.
The following detailed calculation sheets also contain 
indications of the therapeutic use and of producers, which 

be willing to transfer know-how. The cost of aquisition 
of know-how should be seen in relation to the production 
value as found on the same page (5 - 20 % ) .



Table 3. Investment for multi-purpose plant
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Type of investment 1St stage 0nd _2 stage
(12 reactors) (20 reactors

construction
buildings 1,5 2,2
reactors ind* spare parts 0,75 1,2
condensors, heat
exchangers 0,o75 0,1
measuring vessels 0,065 0,1
holding tanks incl.
solvent storage 0,3 0,5
pumps 0,04 0,06
distillation equipment 0,16 0,25
solvent recovery units 0,25 0,40
vacuum pumps 0,05 0,08
centrifuges 0,27 0,6
filters 0,04 0,06
dryers 0,3 0,8
ancillary equipment 0,15 0,2
refrigerati on 0,75 1,75
sewage treatment 1,0 1,0

Total investment 5,7 9,3
depredation/yr: ■
buildings 0,15 0,22
apparatus 0,84 1 ,42
manpower incl* overhead 0,04 0,06
utilities 0,14 0,24

Annual cost: 1.17 1,94

Piping, electrical wiring and electronic control 
equipment included.
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Table Economical analysis for production 

programme, first stage of JIMP

Product Prodn. cost Sales value
•

acetylsalicylic acid 1 692 5 1 2 ,- 1 841 000,-
benzyl nicotinate 17 363,- 14 037,-
Ca-benzoyl-PAS 526 671,- 548 000,-
chloroquine 628 654,- 660 000,-
diethyl-phenyl-malonate 208 159,- 240 000,-
ethyl nicotinate 194 462,- 443 250,-
furazolidone 50 ( 5,- 78 400,-
guaicol glyceryl ether 76 901 79 500,-
isondacide 122 340,- 96 000,-
metronidazole 130 292,- 99 5 5 0,-
niacinamide 537 562,- 554 000,-
nikethamide 75 393r- 113 200,-
nitrofurazone 27 753,- 33 638,-
paracetamol 405 991,- 315 000,-
potassium phenyl acetate 54 509,- 67 500,-
phenytoin sodium 20 963,- 55 150,-
phthalyl-sulpha-thiazole 152 993,- 140 000,-
thiacetazone 283 652,- 314 600,-

5 383 295,- 6 122 038,-plani operation cost
during maintenance,
product switching etc. 385 726,-

bonus for working - 1 050 529,-
capital (90 %)

Total 5 769 021 ,- 7 172 567,-
Profit 1 403 546,-
Return on investment: 4 yrs.



Acetyl salicylic acid: 700 t

Raw materials »A g quantity(mt) S/total

salicylic acid 1,52 550,0 836 000,-
acetic anhydride 0,746 625,0 466 250,-
ethanol (recov.loss) 0,468 160,0 74 880,-

Total raw material 1 377 130,-
product credit 0,450 290,0 1 3 0 500,-
operation cost 101 582,-
working capital 344 000,-

Total production cost 1 692 512,-
Calculated price 2,42
Market price 2,63 700,0 1 841 000,-

Return 148 4 8 8,-

Use:
m i l d  analgesic 

Producer:
Bayer, Merck—Darmstadt, Bofors/Sw, Rhone—Progil/France, etc*

Remark: The market price for acetyl salicylic acid was 
quoted S 0,73/kg in Arab countries; a price of S 2,63 is 
quoted in Austria for pharmaceutical grade product.



Benzyl Nicotinate; 2 t

Raw materials: SAg quantity $ total

benzyl alcohol 1,892 1 , 8 4 3 482,-
nicotinic acid 2,70 2,0 6 919,-
dichlorethane 0,41 1.5 615,-
lye . 0,086 1.5 129,-

hydrochloric acid 0,072 2,0 144,-

Total 9 770,-
Aliquot of annual 
operation cost:

plant
5 093,-

working capital 2 500,-

Total cost of production: 17 363,-
calculated price: a, 68 2,0

market price: (15,7) 31 400,-

Return 14 C37,-

Use:
rubitaciant agent in ointments 

Producers :
Merck-Darmstadt, Nordmaik/Gy., Givandan-Lavirotte/France, 
Siegfried AG/Svitzerland



Calcium-Benzovl-PAS: 
«

100 t

Haw materials: SAg quantity(mt) S total .

PAS 4,05 61,6 249 480,-
Benzoyl chloride 1,42 59,7 84 774,-
lye 0,086 41 ,0 3 560,-
Calcium hydroxide 0,070 29,8 2 086,-
ethanol (recov.loss.) 0,468 20,0 9 360,-

Total raw material 349 260,-
aliquot of annual
plant operation cost 90 411 ,-
working capital 87 000,-

Total production cost 526 671 ,-
Calculated price 5,27
Market price 5,48 548 000,-

Return 21 329,-

Use:
Tuberculostatic

Producer



Chloroquine diphosphate: 60 t

- 102 -

Raw materials: *Ag quantity (mt. i total

4,7-dichloroquinoline (5 ,7 0 ) 38,5 219 450,—
novoldiamine (7 ,1 0 ) 30,7 217 970,—
phenol 0 , 4 1 2 12,3 5 064,—
phosphoric acid (0,2 5) 54,4 13 600,—
methanol 0 , 1 4 8 35,0 5 190,—

Total raw material 461 274,—
Aliquot of annual plant
operation cost: 52 380,—
working capital 115 000,—

Total cost of production • 628 654,—
Caluclated price 10 ,4 8

Market price 1 1 , 0 0 60,— 660 000,—

Return: 31 346,—

Use:
Antimalariae, "ARALEN", "RESOCHIN"

Producers:
Bayer, Hilton-Davis Chemicals Ltd./Great Britain, 
ICI, Rhcne-Poulenc



Diethyl nhenyl malonate: 30 t

Rav materials l Ag quantity(mt) $  1total

ethyl phenyl acetate (4,0) 22,4 89 600,-
diethyl oxalate (1.2) 22,4 26 880,-
sodium ethylate 0,641 22,8 14 620,-
hydrochloric acid 0,072 56,1 4 040,-
benzene 0,258 3,2 825,-

Total rav material 135 965,-
Aliquot of plant
operation cost 38 194,-
vorking capital 34 000,-

Total production cost 208 159,-
Calcu'1 ated price 6,94
Market price (8,00) 30,0 240 000,-

Return 31 841 ,-

Use:
intermediate
Producer:
Dynamit Nobel / Gy



Ethyl nicotinato: 25 t

Rav materials: SAg quantity (mt) $/total

nicotinic acid 2,70 25,5 bd 850,-
thionyl chloride 0,70 41,6 29 120,-
ethanol 0,468 21,8 10 2 0 2 ,-
benzene 0,258 1 600,-

Total rav material 109 772,-
Aliquot of plant -

operation cost 57 290,-
working capital - 27 400,-

Total production cost 194 462,-
Calculated price 7,78
Market price 17,73 25,0 443 250,-

Return 248 7 8 8,-

Use:
rubifuciant, intermediate 

Producer:
Givandan-Lavirotte / France, Société de Lai re / France



Raw materials: SAg quantity(mt) $/total
5-n i t ro- £ u r fu ral

diacetate (2,2) 9,9 21 780,-
hydroxyethyl hydrazine (0,9) 3,9 3 510,-
sodium methylate 0,641 0,3 192,-
diethyl carbonate (0,80) 6,0 4 880,-
methanol 0,159 6,0 954,—
isopropanol 0,350 1.5 525,-

Total raw material 31 841,-
Aliquot of annual
plant operation cost 10 185,-
working capital 8 000,-

Total production cost 50 026,-
Calculated proce: 5,0o
Market price: 7,84 10,0 78 0 0 1

Return 28 374,-

Use:
topical antimicrobial, "FUROXAN", "TOPAZONE"

Producer:
Norwich Pharmaceutical/USA, Farmitalia/l, Orphahell/NL



Gaaiacol glyceryl ether: 10 t

Raw material: S/kg quantity(mt) S/total
guaiacol (4,60) 7,65 35 190,-
dihyd.ro xychloro-
propan 3,1 '-3 • 6,79 21 205,-
sodium hydroxide 0,217 2,24 486,-
benzene 0,258 6,2 —

* 

ON o 0 «a 1

Total raw material 58 481,-
Aliquot of annual
plant operation cost 3 820,-
working capital 14 600,-

Total production cost 76 901,-
Calculated price 7,69
Market price 7,95 1 0 , 0 79 500,-

Return 2 599,-

Use:
Cough remedy constituent, "GUAIPHENESIN", 

Producer:
Haarmann-Reimer/Cy., Merck-Darmstadt
Peboc Ltd./GB, Rhone-Poulenc, Orgamol/Svitzerland



Isoniacide: 20 t

Rav materials: . *Ag quanti ty(mt) $/total

isonicotinic acid (2,5) 24,1 60 250,-
thionylchloride 0,639 27,7 17 o 0 1

hydrazine hydrate 0,912 10,5 9 576,-
ethanol 0,468 5,0 2 340,-
benzene 0,258 3,0 774,-

Total rav material 90 loV
1 
«

Aliquot of annual
plant operation cost - 30 556,-
working capital 22 600,-

Total production cost 143 796,-
Calculated price 7,19
market price 4,80 20 96 000,-

Return — 47 796,

Alternative preparation: from isonicotinic acid
via isonicotinamide; 
requires: 1 pressure vessel

3 reactors / crystallizers, evaporator, 
centrifuge

Time: 20 days

Rav materials: $Ag quanti ty(mt) J/total
isonicotinic acid (2,5) 26,0 65 000,-
ammonia (gas) (0,30) 16,3 4 900,-
hydrazinhydrate 0,912 11,0 10 032,-
ethanol (recov.less) 0,468 3,5 1 638,-

Total rav material 81 570,-
Aliquot of annual plant
operation cost 20 370,-
working capital 20 400,-

Total production cost 122 340,-



1 0 8  -

Total production cost
Calculated price 6,12
Market price 4,80 20

12 2 2 40,
96 000,

Return 26 340,

Use:
tuberculostatic, INK 
Producer:
Bayer, Merck-Darmstadt, Rhone—Pouienc, Carlo Erba/I, 
Fairoitalia/I, AB Bo£ors/Sv
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Metronidazole: 5 t

Raw material • l/kg quantity(mt) $/total
2-methyl-5-nitro-
imidazole (3,5) 16,5 57 750,-
ethyl eie chlorohydrine (0,26) 41,4 10 764,-
Chkfoform (recov,loss) 0,450 1 0 , 0 4 580,-
ethyl acetate 0,51 5,0 2 550,-

Total raw materials 75 644,-
Aliquot of annual plant
operation cost 35 103*»•VO

working capital 19 000,-

Total production cost
•

■1 30 292,-
Calculated price 26,06
Market price 19,91 5,0 99 550,-

Return -  30 ro « 1

Use:
trichpmonacidal, "METRONIDAZOLE"
Producer:
Gerot/Austria, May-Baker/GB, Fabbrica Italiana 
Sintetici-Vicenza/l
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Niacinamide: 100 t

Raw materials: sA j quantity (nt) % total

nicotinic acid 2 ,7 0 1 30.0 351 000,-
ammonia agn. 0,08 70,0 5 600,-
ethanol (losses) 0,468 1 5 , 0 7 0 20,-
carbon 0,69 1 0 , 0 6 900,-
catalyst 1 . 0 1.7 1 700,-

Total rav material 372 2 2 0,-
aliquot of annual
plant operation cost 75 342,-
working capital 90 000,-

Total production cost 537 562,-
Calculated price 5,37 •
Market price 5,54 554 000,-

16 438,-

Use:
Vitamin, "NICOTAMIDE", VITAMIN PP"

Producer:
Loba-Chemie/Austria, Hoffmann-La Roche-Grenzach/Gy, 
Merck-Darmstadt, Givandan-Lavirotte/F, Rhone-Poulenc, 
Carlo Erba/I, AB Bofors/Sveden, Lonza/3w±zerland



Raw materials:
nicotinic acid 
thionyl chloride 
diethylamine 
benzene (recov.loss)

Total raw material: 
aliquot of annual 
plant operation cost 
working capital

Total production cost 
Calculated price 
Market price

Return

*Ag quantity(mt) $/total
2,70 1 0 , 6 28 620,
0,70 15,0 10 500,
1,04 6,3 6 552,

5,7 1 470,

47 1 4 2 ,

16 551 , 
11 7 0 0,
75 393,

7,54
11,32 1 0 , 0 113 200,

37 807,

Use:
respiratory stimulant "CORAMINE"
Producer:
Merck-Darms tadt, Givandan-Lavi ro 1 1  e/France,
Societède Laire/France, Carlo Erba/l, Siegfried/Switzerland



Nitrofuratone: 5 t

Raw materials SAg quantity(mt) $/total
5-ni t ro—furfuraldi-
acetate (2,2 0) 5,9 12 980,-
urea 0,125 2,4 300,-
hydrazine hydrate 0 , 9 1 2 2 ,0 1 824,-
isopropanol 0,351 0,79 277,-
sii!furie acid 0,305 2,4 732,-
Total raw material 16 113,-
aliquot -f annual 
plant operation cost 7 640,-
working capital 4 000,-

Total production cost: 27 753,-
Calculated price 5,55 
Market price 6,72 : 5,0 33 6 3 8,-

5 8 85,-

Use:
topical antibacterial, "NITROFURAL", "FURAZIN", 

Producer:
Boehringer-Mannheim, Dott .Formenti-Milan/l,
Prof arm aco-Milan/l, Zambon-Milan/l,
Le*. Espinos-Bofill/Spain, Lisac/Spain, 
Norvich-USA



Raw materials: $/kg
p-Ni trophenol 0,950
iron 0,561
acetic anhydride 0,746
hydrochloric acid 0,072
rectif. spirit 0,468

Toted raw material 
aliquot of annual 
plant operation cost 
vorking capital 
product credit: acetic acid

Toted production cost 
Calculated price 4,06
Market price 3,15

quantity (mt) S total
122,0 115 900,-
116,0 65 076,-
79.0 58 934,-
17,0 1 224,-
50,0 23 400,-

264 534,-

/ 100 457,-
66 000,-

75,0 - 25 000,-

405 991 ,-

100,0 315 000,-

- 90 991 ,0

Use:
mild analgesic 

Producer:
Bayer, Hoechst, Merck-Darmstadt, Rhone—Poulenc 
Roussel-Uclaf etc.



Potassium phenylacetate: 15 t

Rav materials: î A g quantity (nt ) $/total
benzyl cyanide 2,209 15,2 33 571,-
potassium hydroxide 0,578 14,5 8 388,-

Total rav material 41 959,-
aliquot of plant
operation cost 2 550,-
working capital 10 000,-

Total production cost 54 509,-
Calculated price 3,63
Market price (4,5) 15,0 67 500,-

Return 12 991,-

Use:
_Precursor ¿or Penicillin G

Producer:
Haarmann-Reimer/Cy, Albright-Wilson Ltd./GB 
Société de Laire/France, I CME SA» Milan/l



Phenytion - Sodium: 5 t

Raw materials *A.g quantity(mt) $/total
benzaldehyde 1,02 6,5 6 630,-
acetic acid 0,461 3,2 1 475,-
ammonium nitrate 0,370 2,74 1 014,-
urea 0,125 4,05 506,-
potassium hydroxide 0,578 1.6 925,-
hydrochloric acid 0,072 2,4 173,-

Total raw material 10 723,-
aliquot of annual
plant operation cost 7 640,-
working capital 2 600,-

Total production cost 20 963,-
Calculated price 4,19
Market price 11,03 5,0 55 150,-

Return: 34 187,-

Use:
anticonvulsant, antiepiieptic, anti arrhythmic
5,5-DIPHENYL HYDANTOIN-Na

Producer :
Nordmark/cy, Société de Laire/France, Recordati/l



Phthalylsulohathiazole: 25 t

Raw material: tA g quantity(mt) $/tot al
bromo acet aldehyd e
diethyl acetal (3,2) 1 8 , 0 57 600,-
thiourea 0,793 13,0 10 309,-
ACS (1,2) 21,7 26 040,-
pyridine 1,29 5,0 6 450,-
phthalic anhydride (0,74) 10,5 7 770,-

Total raw material 108 169,-
Aliquot of annual
plant operation cost 17 1ft.CMco

working capital 27 000,-

Total production cost 152 993,-
Calculated price 6,12
Market price 5,60 25,0 140 1«kOoo

Return - -  12 993,-

Use:
intestinal antimicrobial, non-resorbable sulfa 

Producer:
A/S Synthetic Aarhus/Denmark, May-Baker/GB, 
Rhone-Poulenc, Istituto chemiotejg>ico Italiano/l, 
Gruppo Lepetit/l
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Rav materials » A g quantity(mt) î/total
p-amino-benzaldehyde (4,0) 23,1 112 o 0 «• 1

acetic anhydride 0,746 23,7 17 680,-
hydrazine 0,912 25,0 22 CO o 0 1

ammoniumt hi ocyanat e 0,973 54,6 53 126,-
chloroform 0,458 7,0 3 206,-
ethanol 0,46C 5,0 2 340,-

Total rav material 211 552,-
aliquotof annual
plant operation cost 19 100,-
working capital 53 o o 0 « 1

Total production cost 283 652,-
Calculated price 14,18
Market price 15,73 20,0 314 600,-

Return 30 948,-

Use:
tuberculostatic "CONTEBEN"

Producer:
Bayer, Serva International/Cy,, Smith-Nephev/GB 
Fermion. OY/Finland, Fluka/Switzerland



Clearly uneconomical products by process chosen

Dapsone: 5 t

Raw materials: S / k g quantity (mt) $ total

p—ni trochlorobenzene 1 , 1 2 2 8,3 9 313,—
sodium sulfide 0,273 4 . 1 1 1 1 8 ,—
acetic acid 0,461 1 8 , 0 8 308,—
sodium hypochlorite 30* (0,20) 16,2 3 240,—
stannous chloride (0,8) 54,4 43 520,—
hydrochloric acid 0,072 ¿1 , 0 2 952,—
sodium hydroxide (lye) 0,086 “»OO.O 8 615,—
ethanol 0,468 7,0 3 274,—

Total raw material 80 340,—
Aliquot of annual plant
operation cost 98 214,—
working capital 20 000,—
product credit •
stannic hydroxide (0,3) 25,0 - 7 6 2 0,—

Total production cost 190 934,—
Calculated price 38,19
Market price (15,0) 75 000,—

- 115 934,—



Ethyl phenvlacetate; 30 t

Raw materials * A s quantity(mt) S/total

benzyl cyanide 1 , 7 5 5 0, 3 1 1 1  1 2 7 , -

cone, sulfuric acid 0, 305 54, 5 16 600; -

ethanol 0,468 4 3 , 1 20 170,-
benzene 0, 258 7 , 0 —

» 00 0
 o \ 1

sodium carbonate 0,098 3 , 4 3 3 5 , -

hydrochloric acid 0,072 1 , 0 72,-

Total raw materiati ' 1 5 0  11 0 , -

Aliquot of plant
operation cost 25 4 6 3 , -

working capital 37 5 0 0 , -

Total production cost 21 3 0 7 3 , -

Calculated price 7,10
Market price (4,00) 30,0 120 000, -

Return: • -  93 0 7 3 , -

Use:
intermediate of PHENOBARBITONE 

Producer:
Haarmann-Reimer /Cy, Société de Laire / France, 
ICMESA-Milan / I



J» . ¿w

Niridazole; 2 t

Raw materials: SAg quantity(Mt) S/total
2-amino-thiazole
hydrochloride (5,2) 4,93 25 636,-
cone.nitric acid 0,154 1.3 200,-
cone, sulfuric acid 0,305 4,3 1 311 ,-
sulfamic acid (0,80) 0,1 80,-
Chloroethyl isocyanate (1.5) 7,5 11 250,-
tetrahydrofuran (loss) (1.2) 4,0 4, 800,-
chloroform (rec.loss) 0,455 2,0 910,-
light benzene (loss) 0,357 2,0 714,-
dimethyl formamide (loss) 1,00 3,0 3 000,-
methanol (recov.loss) 0,159 2,0 318,-

Total raw material 48 219,-
Aliquot of annual
plant operation cost 20 370,-
working capital 12 looo

Total production cost 80 589,-
Calculated price: 40,29 •
Market price: not available

Use:
aiiiebicidal, schistosomicidal, "AMBILHAR" 
Producer: -

■



Phcnobarbitone: 20 t

-  1 2 1  -

Rav material: SAg quantità (mt) $/total
dimethyl (or ethyl)
phenyl malonate 6,94 27,2 188 768,-
ethyl bromide 3,167 16,7 52 890,-
dicyandiamide (1,3) 9,7 12 6 1 0,-
sodium methylate 0,641 28,2 18 076,-
hydrochloric acid 0,072 27,2 1 958,-
sulfuric acid 0,305 64,4 19 642,-
50 % lye 0,086 4,1 353,-
charcoal 0,507 0,6 304,-
methanol (recov.loss)Of 1 59 27,0 4 303,-
benzene (recov.loss) o ro U

1
C

D 1.2 310,-
trichloroethylene(loss) (0,35) 2 030,-

Total rav material 301 244,-
aliquot of annual plant
operation cost 76 390,-
vorking capital 75 300,-

Total production cost 452 934,-
Calculated price 22,65
Market 'price 6,15 20,0 123,,000,-

- 329 934,-

Dse:
sedative, hypnotic, "LUMINAL”, "PHENOBARBITAL" 
Producer:
Bayer, Merck-Darmstadt, May-Baker/GB, Rhone-Poulenc, 
Parmi tali a



-  1 2 2  -

G. Comments on a proposal made by the Indian Drag 
and Pharmaceuticals Ltd 'IDPLj to ACDIMA.

Th i economy of proposal by IDPL for the production of 
8 drugs with idle equipment available at El Nasr 
Pharmacuetical Company was studied. Restrictions as 
pointed out before also apply here, but the precise 
quantities of chemicals used as offered by the tenderer 
cculd be used.
Calculations as shown there under show an economic loss. 
The reason for this result may again be a higher level 
of prices for chemicals due tc freight and taxes. As 
ACDIMA will not have to pay import tax, a production 
still may be feasible and the study should be repeated 
with prices as applicable-as the Arab market.

Mode of calculation:
In contrast to the calculations quoted on preceding 
pages, working capital was added to production costs 
in aliquots of a 10-year span, because all productions 
are independent of each other and will be run permanently 
in dedicated apparatus.



Total bal гипсе: idpl - project

Product: Prodn. cost Sales price

Analgin 1 184 ЗЮ.- 1 0597Ю.-
Paracetamol 286 159.- 315000.-
Piperazine citrate 42 362.- 43250.-
Piperazine phosphate 36 400.- 40000,-
Piperazine adipate 41 477.- 41268.-
Diazepam 47 336.- 38600.-
Sulphamethoxazole 107 958.- 100800,-
Trimethoprim 52 527.- 38950,-

1 798 529.- 1 677578.-
Balance: - 120951.-



ANALGIN: 200 t
- 121 -

Raw materials: *Ag quantity(mt) i/total
pyrazolone (2,2o) 244 536 000,-
dimethylsulfate 0,758 274 207 692,-
sodium hydrox.

(solu.) 0,074 668 49 432,-
sodium hydroxide (flakes) 0,225 62 13 950,-
sodium nitrite (0,3) 92 27 600,-
sodium bisulfite (0,185) 404 74 584,-
sulfuric acid 0,305 80 24 400,-
formaldehyde 0,196 64 12 544,-
act. carbon 0,690 8 5 520,-
benzene (losses) 0,258 1 36 35 088,-
rect. spirit (losses) 0,468 250 117 000,-

Total raw materials 1 103 310,-
Utilities 24 000,-
Labor: 15 + 1 14 000,-
Overhead: 25 % 3 500,-
Depreciation (10 %) 39 000,-

Total cost of production: 200,0 1 18 4 310,-
Calculated price: 5,92 •
Market -price 5,30 1 05S 7 1 0 ,-

Return - 124 600,-

Capital cost: additional equipment 
2 reactors 65 000,-
2 centrifuges 65 000,-

various 10 000,-
vorking capital 250 000,-

Total Fixed and Vorking 390 000,-



Paracetamol : 100 t

Raw materials: S / k g quantity (mt) S total

p-ni trophenol 0,950 122 115 900,-
iron 0,561 116 65 076,-
acetic anhydride 0,746 79 58 934,-
hydrochloric aced 0,072 17 1 224,-
rectif. spirit 0,468 50 23 400,-

Total rav material 264 534,-
Utilities 15 000,-
Labor: 12 + 1 • 11 300,-
Overhead: 25 % 2 825,-
Depreciation: (10 %) 17 500,-

Total cost of production: 311 159,-
Byproduct credit: acetic acid 75 25 000,-

•100 286 159,-
Caluclated price: 2,86
Market price: 3,15 - 315 000,-

Return: • 28 8 4 1,-

Capital cost: additional eouioment

2 reactors 65 000,-
1 centrifuge 35 000,-
various 10 000,-

working capital 6s 000,-
175 000,-



Piperazine citrate: 25 t

Rav materials: S A s quantity (mt) % total

piperazine hexahydrate (0,85) 23,5 19 975,-
citric acid 0,648 17,3 11 207,-
carbon 0,690 0,65 448,-
hydrosulphite 0,750 0,073 55,-
rectified spirit (Losses) 0,468 10,0 £ 677,-
Total raw materials: 36 362,-
Operatine costs: 33 < of total (see belov) 6 000,-

Total cost of production:
r\

25,0 42 362,-
calculated price: 1,694
market price 1,730 43 250.-
Return 888,-

Piperazine phosphate: 25 t »

Rav materials: s/kg quantity S total

piperazine hexahydrate (0 ,85) 29,6 25 160,-
phosphoric acid (0 ,2 5) 19,8 4 950,-
carbon 0,690 0,34 235,-
hvdrosulphite 0,750 0,053 55,-
Total raw materials 30 400,-
Operatine costs: 33 % of total 6 000.-
Total production costs: 25,0 36 400,-

Calculated price: 1,456
Market price: (1,60) 40 000.-

3 600,-Return



Piperazine adipate: 25 t

Raw materials J/t quantity (mt) $ total
piperazine hexahydrate (0,85) 25,0 21 250,-
adipic acid (0,75) 19,2 14 000,-
carbon 0,690 0.25 172,-
hydrosulphite 0,750 0,053 55,-

Total raw materials 35 477,-
Operating costs: 33 % of total '(see below) 6 000.-
Total production costs 25,0 41 477,-
calculated price: 1,659
Market price: 1,651 41 268,-

Return - 209,-

Operatine costs: all piperazine salts

Utilities » 4 500,-
Labor: 8 + 1 8 000,-
Overhead: 25 % 2 000,-
Depreciation: (10 %) 3 500,-

Total operating costs 18 000,-

Capital cost: additional investment
Filter, mill, dryer 10 000,-
vorking capital 25 000,-

Total Fixed and vorking 45 000,-



Diazepam: 2 t
- 125 -

Raw materials:

p-Ni trochlorobenzene 
benzyl cyanide (d=.99) 
chloracetyl chloride (d=1.42) 
hexamine 
carbon
iron (sponge qual.) 
sodium hypochlorite 
p—toluene sulfonyl chloride 
dimethyl sulfate (d=1,33) 
pyridine (losses) 
sulphuric acid (d=1 ,8) 
hydrochloric acid 
sodium hydroxide (lye) 
soda
methanol (losses) 
benzene (losses) 
toluene (losses) 
dichloro ethane (losses) 
rectified spirit (losses) 
methyl isobutyl ketone 
ether (losses)

Total raw materials 
Utilities
Labor: 10 + 1 20 %

Overhead: 25 %

3

s A g quantity $ total

1,122 2,45 2 750,-
2,210 1,99 4 400,-
2,130 3,71 7 910,-

(0,15) 1,72 265,-
0,690 0,42. 290,-
0,561 1,62 910,-
(0,20) 1,43 290,-
O,30) 2,8 3 640,-
0,758 1,73 3 -820,-
1,290 0,94 1 220,-
0,305 . 5,04 1 535,-
0,072 0,32 23,-
0,077 3,70 285,-
0,098 0,02 72,-
0,159 19,3 3 084,-
0,258 2,89 745,-
0,240 6,72 1 613,-
0,410 3,80 1 558,-

6,21 2 906,-
(0 ,50) 0,86 460,-
0,60 2,60 1 560,-

39 336,-
1 000,-
2 00C,-

500,-



Diazepam cont'd

Depreciation 4 SCO,-

Total cost of production: ' 2.0 47 336,-
Calculated price: 23,67
Market price: 19,30 38 600,-

Return: -  8 736,-

Capital cost: additional eouioment

1 Centrifuge 30 000,-
1 dryer 5 000,-
working capital 10 000,-

Total Fixed and Working 45 000,-

r



$ totalRaw materials $/kg quantity (mt)

diethyl oxalate (d=1»078) (1,2) 10,9 13 400,-
sodium 1,60 1,2 1 790,-
ACS (1,20) 6,4 7 680,-
sulphuric acid (d=1,8) 0,305 5,2 1 590,-
hydrochloric acid (d=1,19) 0,072 4,5 324,-
hydroxylamine.HC1 5,67 4,25 24 100,-
sodium hypochlorite (0,20) 2,0 * 400,—
lye 0,077 7,6 590,-
ammonia water 0,05 11,7 580,-
carbon 0,690 0,76 524,-'
recti fied spirit (losses) 0,468 35,0 16 380,-
dichloroethane (losses) 0,410 10,0 4 100,-
pyridine (losses) 1,290 7,0 9 030,-
acetone 0,300 5,5 1 500,-
benzene 0,260 11,5 2 970,-

Total raw materials: 84 958,-
Utilities: 5 000,-
Labor: 15 + 1, 50 % of year 7 000,-
Overhead: 25 % 3 500,-
Depreciation (10 %) 7 500,-

Total cost of production: 5,0 107 958,-

calculated price: 22,00
Market price: 20,16 10 080,-

Return -  7 158,-



,1

Sulfamethoxazole cont'd«

Capital cost: additional equipment

1 reactor 15 oOO,-
1 centrifuge 30 000,-
various _ 10 000,-

vorking capital r 20 000,-

Total Fixed and working 75 000,-
I



Trimethoprim: 1 t

Raw materials: S/kg quantity (mt) $ total

ethoxy propionitrile
3,4,5-trimethoxy- (1 » 5) 1,3 1 950,-

benzaldehyde (19,5) 2,2 42 900,-
guanidine . HC1 0,37 3,1 1 150,-
sodium 1,60 0,87 1 393,-
methanol 0,159 4,48 714,-
carbon 0,690 0 ,1 8 124,-
acetic acid 0,462 1.4 646,-
ammonia liqu. 0,4 2,0 800,-

Total raw materials 49 677,-
f

Utilities 500,—
Labor: 4 + 1 20 % 900,-
Overhead: 28 % 250,-
Depreciation: 10 % 1 200,-

Total production cost: 52 527,-
Calculated price: 52,53
Market price: 38,95 38 950,-
Return - 1 3  577,-

Working capital 12 000,-
No additional investment assumed

Total Fixed and Working 12 000,-



-. Economic feasibility study for the 
production of thiamin, hydrochloride

Quantity produced: 65 t
Main intermediates of synthesis:

ethoxypropionitrile 
acetamidin hydrochloride
sodium 1-hydroxymethylene—2-ethoxy-propionitrile
1- dimethoxymethyl-2-ethoxy-propionitri1e
of-chloro---ace tyl-bu tyro-lactone
3-acetyl-3-chlo ro-p rop ano1
2- methyl—4-amino— 5—acetaminomethyl-pyrimidine 
2-methyl-4—amino-5-aminomethyl-pyrimi dine
(2-methyl—4-amino-5-pyrimidyl -methyl—4—amino-pyrimidyl-5 
-methyl-di thiocarbaminate 
thiamin hydrochloride

Main starting materials:

acrylonitrile 
acetonitrile 
a^-acetyl-butyrolacton 
carbondi sulfide 
formic acid



Capital Investment:

Building and equipment: Mio $

production building laboratory, storage 900 000,-
32 reactors 2 m3 800 000,-
measuring tanks 20 000,-
storage tanks 50 000,-
condensors, heat exchangers 200 000,-
extractors 30 000,-
filters 10 000,-
10 centrifuges 300 000,-
dryers 120 000,-
pumps 20 000,-
3 solvent recovery units • 120 000, r
nitrogen supply 20 000,-
compressor 50 000,-
refrigeration 80 000,-
auxiliary equipment 20 000,-
piping 200 000,'*
control devices 50 000,-

Total 2 990 000,-

Working capital 250 000,-

Total capital costs 3 240 000,-



Raw material costs: *Ag quantity(mt) $
sodium 1,6 11 o, 0 176 000,-
formic acid (incl.losses')0,45 90,0 40 500,-
acrylonitrile 0,88 63,0 55 400,-
acetonitrile (0,4) 73,0 29 200,-
oi-acetyl-butyrolacton 2,40 50,0 120 000,-
chlorine 0,388 39,8 15 400,-
dimethylsulfate 0,760 146,0 111 000,-
calcium chloride 0,66 8 0,0 52 800,-
aqu. ammonia 0,08 130,0 10 400,-
hydrogen peroxide 30 % 0,587 26,0 15 300,-
hydrochloric acid 0,072 180,0 13 000,-
soda ash 0,098 65,0 6 400,-
acetic anhydride 0,746 60,0 . 44 800,-
lye 0,086 100,0 8 600,-
carbon disulfide (0,80) 45,5 36 400,-
decolorizing carbon 0,690 4,0 2 800,-
sulfuric acid 50 % 0,150 25.0 3 700,-
barium chloride (0,8) 100,0 80 000,-
methanol 0,15 65,0 9 700,-
ethanol 0,468 , 65,0 30 400,-
acetone 0,29 65,0 18 800,-
dichloroethane (loss) 0,19 30,0 5 700,-
carbontetrachloride 0,338 30,0 10 100,-

Total raw materials 896 400,-



s
Total capital costs 3 240 000,-
Raw material costs 896 400,-
Utilities 120 0 O 0

 «• 1

Manpower 50 persons 20 000,-
Overhead 5 000,-
Depreciation: 10 % 324 000,-

Total cost of production 1 365 000,-
Calculated product price 21,06
Market price 10,39 675 350,-

Profit - 689 650,-

Producers:

A/S Synthetic/Denmark, Bayer, Hoffmann-La Roche, 
Merck-Darmstadt, May-Baker/GB, Rhone-Poulenc, 
Richardson-Merrill, Naples/I

Comment:
The result of the economical calculation shows that the 
production cf thiamin-hydrochloride can be achieved in 
an economical way only in larger volume by highly optimized 
plant layout. It will be noticed, that in this calculation 
raw material costs exeed the sales value of the product; 
only large productions will be able to assure low raw 
material prices and accomodate the cost of depreciation 
of fixed and working capiteli.



Acsendi-x I
SYNTHETIC 3ULK PRODUCTS OF EL NASR PHARMACEUTICAL COMPANY 

(EXCLUDING INTERMEDIATES) WHICH HAVE 3EEN MANUFACTURED 
IN PAST YEARS OR ARE PRESENTLY MANUFACTURED

P r o d u c t

Sulfanilamide
Sulfacetamide
Sulfacetamide-Na
Su If aguani dine
Sulfadimidine
Su If adirai di ne-Na
Chloramphenicol
Chloramphenicol palmitate
Chloramphenicol stearate
Tolbutamide
PAS
Salicylic acid 
Na-salicyiate 
Methylsalicylate •*
Salicylamide 
Acetylsalicylic acid 
Ca-benzami dosali cylate 
Ferric ammonium citrate 
Di i odohydroxyqui noli ne

Prodn. target 1977 
(metric tons per annum)

15
75
2o
75 
65 
3o 
1 2 

2

4o

15

50
400

6o

1 ) sublimed



Appendix II

1

PROJECTS ORDER STUDY CR ORDER EXSCUTICR FCR I2W 
OR IMPROVED SYNTHETIC PRCDUCTIOR URITS

Production targets
____Cat/a)

Acetanilide 5oo
Ace ty1ami nobenzene- 8oo 1)

sulfonylchloride
Sulfanilamide 5oo 1)

Sulfacetamide 1 oo
Sulfaguanidine 1 oo
Sulfadiazine 25o
Sulfamerazine 4o
Sulf adimidine 1 oo
Salicylic acid 7oo 1)

Acetylsalicylic acid 7oo
PAS -

Niacinamide 1 00
INH 5o
Paracetamol Too
Dextrose 5oo

1) implemented figure

U



Analgin 2oo
Piperazine salts 75
Sulfamethoxazole 5
Trimethoprim 1
Diazepam 2

Drugs intended to be developed from laboratory to 
production scale in cooperation vith outside assistance

and vith the use
of existing surplus equipment:

Riboflavin-phosphate
Glibenclamide
Allopurinol
Xylocaine
Furosemide



LIST CF SOME HEFHESESTATI7S CCSSULTIXG FIRMS AMD SUFFLIERS CF 
EQUIPMENT FOR FHARMACEOTICAL FACTORIES IRCLUDIZTG 

MULTI-PURPOSE SYNTHESIS FLAGiTS

General p l a n n i n g , integrated units:

Appendix I I I

Austroplan, Österreichische Gesellschaft für Planung, 
A-1102 Vienna, Triesterstrasse 33, Austria

The Badger Company Inc., Cambride, Mass. 02142, USA

The A.P.V. Company Ltd., Crawley, Vest Sussex, RH 102 OB,
Great Britain

Buehlej>-MIAG GmbH, Braunschweig, 33 Braunschweig, Ernst-Amme-
Strasse 19, FRG

Chemical Plant and Machinery Assoc, of India,
Mackinnen Mackenzie Building, Ballard Estate, Bombay 400 038,

India

Chemocomplex, 1062 Budapest, Nepköztarsasag utja 60, Hungary

R.L. Dalai and Cy/Dalal Consultants and Engineers Private Ltd., 
86, Dr.Annie Besant Rd., Worli Naka, Bombay-4000 13, India

INGECO SpA, Via M. Gonzaga 7, 1-20123 Milan, Italy

Pharmaconsult, D-6900 Heidelberg, luflmaulstrasse 10, FRG 

SPEICHIM, 106 Rue d'Amsterdam, Paris g*0111®, France

Zimmer Altiengesellschaft, D-6000 Frankfurt 60,. Borsigallee 1-7,
FRG

Representing several Japanese consulting firms:
NISSHO—IVAl CO. LTD.
Lugeck 1-2/7/40 
1010 Vienna



Reactors: heat exchangers

Henry Balfour Co. Ltd., Leven, Fife, Scotland, Great Britain

Gebr. Boehler Co., AG, D-4000 Duesseldorf 11, Hansa-Allee 321
FRG

De Dietrich Cie, 7-67110 Niederbronn-les-Bains, France 

Lampart, H- 1 4 7 5  Budapest, Box 41, Hungary

Pfaudler-Werke AG, D-6 8 3 0 Schwetzingen, Scheffelstrasse 55, FRG

Schwelmer Eisenwerk Mueller Co., GmbH, D-5 8 3 Schwelm,
Loherstrasse 1, FRG

Vereinigte Edelstahlwerke AG (VEV), A-1010 Vienna,
Elisabethstrasee 1, Austria

Centrifuges ;

Alfa-Laval AB Celleco, Box 94, S-14700 Tumba, Sweden

Ellerwerk, Otto Ellerbrock Maschinenfabrik, D-2G00.
Hamburg 60, Steilhooperstrasse 102-116, FRG

Ferrum AG, Maschinenfabrik, CH-5102 Rupperswil, Switzerland

Rousselet S.A., Rue Montalivet B.P. 129, F-07104 Annonay, France



Extractors:

Baker Perkins Chemical Machinery Ltd., Westfield Road,
Peterborough PE 3 6TA, Great Britain

Dryer;
Titus, D-6 14Ô Heppenheim 

Plumps;

Chemiepumpenbau AG, CH-4800, Zofingen, Sitzerland

W.Dickow Pumpeifabrik, : I>-8264 Waldkraiburg, Siemensstrasse 22, FRT. 

Friedrichsfeld GmbH., D-68 00 Mannheim 71, Steinzeugstrasse 50, FRG 

W. Hedrich Vakuumanalgen, D-6331 Katzenfurt, FRG 

Ochser Sohn GmbH Co, A-4020 Linz, Austria

Waste water treatment:

BAMAG Verfahrenstechnik GmbH, D-6308 Butzbach, Wetzlarer-
straße 136, FRG



Acce.idix 17
ECONOMICS OF THE OFFER OF A3 30FGRS CEEMATUR 

Two production plans for the production of:

700 rat acetyl salicylic acid 
100 mt niacinamide
60 mt isonicotinic acid hydrazide (INH)

Value of materials delivered: 
acetyl salicylic acid plant:

10 reactors/ciystallizers (2-4 m^ assumed) 
12 tanks
1 evaporator (assumed: falling film type) 
4 measuring/dissolving vessels

15 centrifugal pumps
2 centrifuges 1000 mm
4 heat exchangers/condensors 
1 filter
1 dryer (stream type assumed)
1 refrigeration unit 

piping, fitting, wiring 
monitoring and controls 
var. auxiliary equipment

$

3CJ 000,- 
80 0 0 0 ,- 
50 000 ,- 
20 0 0 0 ,- 
30 c o o , -  

120 0 0 0,- 
20 0 0 0,- 
2 000,- 

100 000,- 
50 000 ,- 

250 0 0 0 ,- 
80 0 0 0 , -  

100 000,-

1 202 000,-

Niacinamide - INH - plant:

4 reactors/crystallizers (2-4 nr* assumed) 120 000,-
11 tanks 75 000,-
1 evaporator (assumed: falling filmtype) 50 000,-

10 centrifugal pumps 20 000,-
2 centrifuges 120 000,-
4 heat exchangers/condensors 20 000,-
.3 filters 6 000,-
1 dryer (stream dryer assumed) 100 000,-

piping, fitting, wiring 160 000,-
monitoring and controls 50 000,-
auxiliary equipment 100 000,-

Total 821 000,-



_  1r
Total value of materials delivered
Price O f  AC BOFORS CHEKATUR (l Skr = 0,209 $)

Estimated charge for engineering, knowhow

S

2 023 000,- 
4 123 000,-

2 100 000,-

Economic feasiblity of a production of acetyl sali
cylic acid, niacinamid and INH according tc AB Bofors 
CHEKATUR offer

Raw materials: $/kg

Acetyl Salicylic acid 700 t
Salicylic acid 1 ,52
Acetic anhydride 0,746
pyridine 2 ,8 4
decoloricing carbon 0,69
byproduct credit 
acetic acid dil. 0 ,15 2

Total

Niacinamide; 100 t
Niacin 2,70
ammonia £1 . 0 ,1 1 6
decolorizing carbon 0,6 9  
boric acid (0,4)
ammonium molybdate (2,0 )
Nitric acid,sodium hydroxide

quantity.(mt) $ total

560 5Ö1 200,-
665 496 090,-
3,5 9 940,-
3,5 2 415,-

210 - 31 920,-

1 057 725,-

130 351 000,-
70 8 1 2 0,-
10 6 900,-
1,3 5 2 0,-
0,4 . 80,-
• • • 10 0 ,-

Total 366 720 ,-



Isoniacid: 60 t $AgIsoniacid: 60 t
quantity(mt) % total

Isonicotinic acid (2,5) 87,0 217 500,-
ammonia 0,116 47,0 5 450,-
hydrazine hydrate 0,912 30,0 27 360,-
decolorizing carbon 0,69 6,7 4 620,-
Boric acid (0,4) 0,9 360,-
ammonium molybdate (2,0) 0,3 f 60,-
Nitric acid, sodium hydroxide « • • 100,-
ethanol 0,468 34,3 16 290,-

Total 271 740,-

utilities total • 100 000,-
manpower: total 30 ' 30 000,-
overhead 7 000,-
depreciation of plant assembly cost (10 yrs) 5 000,-
depreciation of working capital (10 yrs) 49 000,-

Total • 191 000,-

Total balance:

Total raw materials: 1 696 1 8 5 ,-
utilities manpower, overhead , depreciation
of assembly cost and working capital 191 000,-
depreciation of Bofors price 412 300,-

Total cost of production 1 2 299 485,-

sales values: $/kg t
acetyl salicylic acid 2,63 700 1 841 000,-
niacinamide 5*54 100 554 000,-
INH 4,80 60 288 000,-

Total value of production 2 683 000,-
Profit 38 3 51 5,-



calculation of return of investment:
$

Capital to BOFORS 
Working capital 
assembly cost

4 123 000,- 
490 000,-

50 000,-

Total Fixed and Working Capital 4 663 000,-
Total cost of production (raw materials,
utilities, labor, overhead, without depreciations t 833 1 0 5 ,- 
Total sales value of products 2 683 000,-

849 8 1 5 ,-

Retum of investment: 5yf>vears



-  Ill -

Appendix 7

OFFER FOR MULTI>PURPCSE PLAM1

1. The manufacturing cost of a drug in a multipurpose plant is likely 
to be higher than a plant designed for the manufacture of only one item.
In the latter case, the plant is usually designed for higher production 
capacity. It operates continuously for a production of only one item 
resulting in better efficiencies of production, and it is possible to 
select a type and size of equipment to minimise the initial investment 
and the cost of operation. Single product plants, however, are feasible 
only when the requirement cf a particular drug is large enough to put up
a special plant for the same. In many developing countries the need is for 
the manufactu'a of small quantities of variety of drugs with the lowest 
possible investment. The multipurpose plant is, therefore, more suited to 
meet the requirements of a small developing country.

2. In a multipurpose plant, for synthetic drugs, the minimum capacity is 
about \  ton per day to maximum of about 2 tons per day. The co3t of such 
a plant would vary according to the range of drugs selected and the source 
of supply of the equipment,

3. The grouping of products in a multipurpose plant could best be done 
according to the kind of equipment to be utilised. The basic conversion 
step is carried out in reactors and the material of construction used for 
these reactors could be the best consideration for grouping of the products. 
We give below the type of products which could be manufactured in different 
types of reactors:



Glasslined Reactor

Cast Iron Reactor

Stainless Steel Reactor

Methyl Salicylate 
Aspirin
N-acetyl -paramir.ophenol
Phenacetin
Lidocaine
Nicotinamide
Isoniazid
Phenylbutazone

The grouping suggested by you i3 not very feasible and we would* 
therefore, suggest the above mentioned groupings.

5„ The concept of multipurpose plant and its advantages are as follows:

A modem plant for pharmaceutical products must provide for the 
manufacture of an extensive line of basic pharmaceutical chemicals. In: 
designing a plant for a developing country this problem is even more 
significant because

- the needs of a developing country are for a number of small volume 
products.

- sophisticated automation is generally not required.

- average life of a plant is hitler and the plant must take care of 
new products, technology for which is still under development.

In most of these situations a multipurpose plant in which a number 
of products in relatively amall quantities can be manufactured is IDEAL. 
Multipurpose plants generally are not automated and are used to manufacture 
a number of products either sequentially or to some extent simultaneously 
using a single/double series of equipment.



The Sarabhai 1:63111 of technical experts has specifically developed a 
multi-purpose lesion for a "developing country", on ine thresuolo. oi maustrial 
development in pharmaceuticals. The product mix and capacity are optimally 
balanced to minimize initial investment and yet to cover a broad spectrum of 
pharmaceutical chemicals. Enough flexibility is provided in the design to take 
care of the varying and ever changing demands of the pharmaceutical market.
In this design, provision has been made to increase the capacity substantially 
by marginal additional investment.

Product mix

The product mix selected for initial production is as follows:
1. Methyl salicylate
2. Aspirin
3. Paracetamol
4. Nicotinamide

5- Isoniazid
6. Phenacetin
7. Phenyl butazone
3. Lidocaine

The plant is designed to oroauce approximately 200 tons of pharmaceutical 
chemicals per year. A number of other pharmaceutical products can be manufactured 
from the same set of equipment (see list in annexure 3). The average batch size 
for each of the products chosen is uniform.

The uses of the product-mix suggested are as under:
(a) Methyl salicylate: It is used as a flavouring agent and also as

a counter-irritant. As a flavouring agent it is equal to winter-green oil or 
sweet birch oil. As a counter-irritant, it is applied to the skin in the form 
of a liniment;

(b) Aspirin: It is employed as an antipyretic and analgesic in a
variety of conditions; /

(c) Paracetamol: It is an analgesic compound and i3 used to relieve
the pain of headaches, nyalgias, arthralgic and other pains arising from muscles 
and joints and peripheral nerve affections;

(d) Uicotinamide: It has identical properties as Vitamins of the 3 group;
(e) Isoniazid: It is the most potent tuberculostatic antibacterial 

agent. It has also been employed as a prophylactic for use in persons
constantly exposed to tubercular patients;

(f) Phenacetin: It is an analgesic and antipyretic having the same general 
field of usefulness as the salicylates;

(g) Phenyl butazone: It is a synthetic pyrazolone derivative having analgesic
and antipyretic properties;

(h) Lidocaine: It is a potent local anesthetic with a potency twice that 
of an equal concentration of procaine. The drug may be combined with epinephrine 
to delay absorption, prolong its action and reduce it*, toxic effects.

A
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Capital investment

The capital investment has been worked out for a multi-purpose plant 
to produce 200 tons of pharmaceutical chemicals per year.

Assumptions:
(a) The plant capacity is on the basis of 2-shift, 

Only dryers will be operating during the third shift;
/300 day operation.

(b) Electric power 440 V/50 c/s/3/ and raw water ; 
available;

are assumed to be

(c) The prices of equipment are 1 
subject revision on actuals basis;

estimated as of April 1977 and are

(d) Engineering workshop, office 
are not included in the estimate;

equipment, vehicles, warehousing racks

(e) The cost of plant and machinery is considered on FOB 3ombay basis.
Fixed capital investment

Cost
50S

Contingency
JOS

Land 10,000 m̂ * *
T-and development * *
3uilding 1,200 m (anneiure 2) 120,000 10,000
Process equipment (anneiure 1) 200,000 9,000
Services equipment (anneiure l) 90,000 1,000
Laboratory equipment (annexure 1) 20,000
Clearance and forwarding OOO 2,000
Installation and erection 
including electricals 
20$ on equipment 50,000 5,000

Pre-operatives 22,000 2,000
Interest during construction * *
Know-how and engineering 
fees at 5$ 22,̂ 00*• 529,500 32,000

* not included 

Working capital investment
The working capital, at 30$ of the fir̂ d investment, is assumed to he 

JUS 150,000. This, however is dependent upon the price and availability of 
raw materials, packaging materials, credit policies and sources of supply.

m



Total investment

Piled capital investment (excluding 
land and interest during construction
'/forking capital investment

Total

Process description

A brief description of the process to be employed for each of the 
pharmaceutical chemicals is given in this section.

Methyl salicylate

Salicylic acid is estrified with methanol, by refluxing for about 
3-4 hours, in the presence of sulphuric acid. Most of the methanol is distilled 
off, then it is diluted with ice water. The acqueous phase is discarded and 
the oily phase is washed with bicarbonate solution. It is then dried over 
sodium sulphate and vacuum distilled.

Aspirin

Acetylation of salicylic acid with acetic anhydride, at ^0~60^C for about 
1 hour. Dilute the mixture with cold water and allow it to cool, then filter 
the solids - recrystallize the crude product from aq. alcohol.

H-Acetyl paraaminophenol

Acetylation of p-aminophenol with acetic anhydride at 60-70 C for 2 hours. 
The product is isolated with ice water. It is recrystalized with hot water, 
after carbon and hydrosulphite treatment.

Mi cotinamide

Hydrolysis of 3-cydnopyridine in presence of IRA- 402 or an equivalent 
resin, for 3-4 hours. The resin will have to be converted into OH form from 
the chloride form with 5$ sodium hydroxide solution. Hicotinamide solution is 
concentrated and washed with alcoholic ammonia, and then crystalized if 
necessary.

Isoniazid

Hydrolysis of 4-cyanopyridine at 70-80°C for 3-4 hours, in the presence 
of IRA 402 resin. The crude product is isolated by concentration. It is 
converted to hydrizide with alcohol and hydrazine hydrate.



Phenacetin
Acetylation of p-phenetidine* with, acetic anhydride is carried out at lO-pG 

After 10 minutes cool and filter the solids. The product is recrystailized from 
methanol, centrifuged and dried.

Rienylbutazone

Bthylester of n—hutylmalonic acid is condensed with diphenyl hydrazine 
in the presence of sodium methoxide at 80-100°C for 3—4 hours to give crude 
phenylbutazone. Xylene is used as solvent. The crude product is extracted in 
water and acidified with hydrochloric and acetic acid (pH 5*5)* The product 
obtained is filtered and recrystailized from aq. acetone. It is dried in vacuum 
dryer. Solvents are recovered by distillation.

Lidocaine

Chloroacetyl chloride is'added to the mixture of m-xylidine benzene andQ
triethylamine at about 20 G with constant stirring. Triethylamine hydrochloride 
is dissolved in water and chloro-acetylxylidine is taken in ethanol. It is 
refluxed with diethylamine for 4-5 hours to obtain crude Lidocaine base. This 
base is hydro chio rinat ed in butanol and the solids are centrifuged and 
recrystailized from ethanol. It is then dried in steam heated dryers.

Manufacturing inputs

Raw materials

The quantities of raw materials required per kg of the product are given 
in annexure 4, A-H. Most of these materials are well known and are readily 
available in the international market.

Packaging materials

The nature of packaging for each of the chemicals and type of packaging 
material to be used are described in annexure 5* The minimum size of packing 
is also indicated.

Manpower

The technical and administrative manpower requirements for a capacity of 
200 t per year have been estimated in annexure 6.

Services

The services available at the site are listed in annexure 7.

* p-phenetidine is prepared from p-nitrophenetole by reduction.



Annerare I
ESTIMATED COST OF EQUIFME3T

A. Process equipment

Quantity Item
2 CHasslined reactor 1,000 litres, jacketted with 

anchor agitator, condenser, receiver 500 litres
2 SS reactor jacketted with stirrer, ICO litres 

MS receiver 500 litres
3 MS distillation unit (1,000 litres) with receiver 

(5,000 litres)
1 Cast-iron reactor jacketted anchor-type stirrer, 

MS receiver 500 litres
2 SS 316 centrifuge, 1,000 mm diameter
1 MS rubber-lined centrifuge, 1,000 mm diameter
2 Steam-heated dryer, 72 aluminium trays (8O18C1 3 )
2 Vacuum steam-heated tray dryer with trays as above
3 SS crystallizer with jacket and anchor-type 

stirrer, 5,000 litres
2 Pressure leaf filter SS

Total cost FOB Bombay: SUS 200,000

B. Services equipment

2 Mater ring vacuum pump, 80 m"/h
2 Air compressors with receiver, 30 cfm, 30 psi, 

with receiver
1 Steam generating plant 600 kg/h, with water 

softener and accessories
1 Refrigeration plant for chilled water 

20 TR with cooling tower
6 Mater circulation pumps
1 DM water plant

Set Electrical distribution panel LT/HT circuit breaker 

Total cost FOB Bombay SUS 90,000

C. Laboratory equipment

2 Balances
Set Glassware

1 Vacuum pump
1 Muffle furnace
1 Electric oven
1 pH meter

Set Misc. instruments, thermometers, melting point 
apparatus etc.

Total cost FOB 3ombay SUS 20,000



Annexure 2

BOILDOG AXD LA5D HEJOIHED

o

Production building iCO
5C laboratory
Saw material and semi-finished
goods storage 100
Services 300
Packing, warehouse and stores 200
Office area iqq

1,150

Open area for cooling tower
and tanks 200

1,350
Land required (with no major
expansion planned) 10,000



Annexarg 3

LIST OF OTHER PRODUCTS WHICH CAN ALSO HE 
MANUFACTURED IN THIS PLAST A HD THEIR USES

Procaine hydrochloride - locad anesthetic
Nitrofurantoin - antiseptic
Clofihrinic acid - antichollesteremic
Hydroxyurea - anti cancer agent
Chioropropomide oral hypoglycemic
Toloutanide - oral hypoglycemic
Ferrous fumarate - haematinic agent
Clonidine hydrochloride anti bypertensic
Fhthalyl sulnhacetamide anti bacterial agen-



Annerare 4.

HATCH SIZE AITO HAW MATERIAL REQUIREMENT

A. Methyl salicylate 

Batch size - 150 kg

of raw material per kg
Raw material of final product

Salicylic acid., CP 1.0
Methanol 1.0
Con. sulphuric acid 0 .1

Sodium bicarbonate 0.5

Sodium sulphate 0.5

B. Aspirin ' 
Batch size - 80 kg

Salicylic acid, CP 0.775
Scetic anhydride, CP 1.16
Alcohol (itrs) 1.25

C. M-acetyl par am inophenol

P-aminophenol, DSP or BP 0.8333
Acetic anhydride, CP 1.00

Sodium hydrosulphite 0.02

Activated charcoal 0.10

D. Nicotinamide
Batch size - 80 kg

3-cyanopyridine, C 1.05
Resin IRA 402 0.02

Sodium hydroxide 0.10

Sodium chloride 0.10

Alcohol (itrs) 0.10

Ammonia 0.00625

Activated charcoal 0.0625



E. Isoniazide

I
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Batch size - 30 kg

4 cyanopyridine, C 1.2

IRA 402 0.02
Sodium chloride 0.10

Sodium hydroxide 0.10
Alcohol (ltrs) 0.10

Ammonia 0.00625
Activated carbon 0.0625

Hydrazine hydrate (ltrs) 0.5

P. Fhenacetin
Batch size - 150 kg

p-nitrophenetole, CP 1.25
Iron powder 1.333
Formic acid 0 .0 26 7

Sodium hydroxide 0.034
Acetic anhydride 1.0
Methanol (ltrs) 1.0

G. Phenylbutazone
Batch size - 150 kg

Ethylester of b-butylmalonic acid 1.253
Diphenyl hydrazine 1.067
Sodium methoxide 0.307
Hydrochloric acid 0.200

Acetic acid 0.0347
Xylene (5OO-450) (ltrs) 0.333
Acetone (100-70) (ltrs) 0.200

H. Lidocaine
Batch size - 150 kg

m-xylidine 0.687
Chloroacetyl chloride 0.643
Tri ethyl .amine 0.673
Diethylamine 0.373
Hydrochloric acid 0.247
Ethanol (400-350) (ltrs) 0.333
Butanol (200-180) (ltrs) 0.133
Benzene (200-170) (ltrs) 0.200

Ù
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Annexure 5

SPECIFICATION AND PACKAGING MATTEIALS REQUIRED

Product Grade Packing

Methyl salicylate USP 25 litres carboys

Aspirin DSP Polyethylene bags 
fibre drums, 25 kg

N-acetyl paraminophenol DSP Polyethylene bags 
fibre drums, 25 kg

Nicotinamide DSP Polyethylene bags 
fibre drums, 2 kg

Isoniazid USP Polyethylene bags 
fibre drums, 2 kg

Phenacetin DSP Polyethylene bags 
fibre drums, 25 kg

Phenylbutazone DSP

Lidocaine DSP
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ArmeTure 5

MAUPC WER REQUIREMENTS

A. Technical

Shift
3-4

General

Shift
5-2

First

Shift
2-10

Second

Shift
10-2
Third To ta

Plant manager 1 - - - 1

Senior chemist 1 1 1 - 3

Maintenance engineer 1 - - - 1
Junior chemists 2 2 2 - 6

Skilled operators (process) 1 2 2 1 CT

Ohskilled operators 
(process) 2 5 5 1 13
Maintenance operators 2 2 2 1 7

— — — —

Total 10 12 12 3 37

3. Administrative and other

General manager 1
Sales manager 1
Accountant 1
Accounts assistant 1
Purchase/sales assistant 2
Warehouse in charge 1
Warehouse assistant 1
Watchmen/security 2
Clerks/PA 5
Typist/steno 2
Workers

Total 22



Annexure 7

SERVICES AVAILABLE

, 2Steam at o kg/cm pressure
Chilled water at 8°C
Oil-free compressed air at 30 psi
Vacuum at 700 mm Eg below atmosphere
DM water
Soft water
Raw water
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X. FERMENTATION PRODUCTS

.1.. Summary
Introduce ion

A list of products which could ho made by fermentation in the Arab 
countries is given together with an indication of the technology involved.
It is necessary to asses in each case the current requirements, the forecast 
for the next ten years and the economics of production. The latter becomes 
all the more important in view of the fact that some of these products are 
also made by Synthetic route.

Present

Ethanol, Acetic Acid and Enzymes are currently being manufactured 
in Egypt and possible other arab states. It is recommended that the 
possibility of augmenting these capacities be considered.
Future
a) Citric Acid

An industrial profile is given for citric acid on the basis o. shallow 
tray fermentation process and using cane molasses as carbon source. The 
estimated cost of porduction compares very favourably with the current market 
price. The factors which have to be investigated before establishing a plant 
for the manufacture of citric acid have been highlighted.
b) Peed Yeast

A modified industrial profile is presented for yeast. Fodder yeast is 
presently being manufactured in Egypt for export using cane molasses in the 
fermentation medium. The desirability of establishing a model plant for the 
production of dried yeast for use as protein concentrate for both animals 
and humans has been emphasized. For animals, Yeast will be incorporated 
into the feed rations. For humans it is suggested that it be incorporated, 
into a basic food such as flour. The different aspect to be considered 
before actually embarking upon such a project have been outlined.

m



There are f i w  categories of possible products based on fomentation 
as illustrated below:

1. Organic Solvents: ethanol, butannol, acetone glycerol

2. Organic acids : Acetic, lactic, citric, gluconic

3. Enzymes: Proteinases, anmylasesj-actases

4. Butritiona1 supplements - vitamins, amino acids, protein 
concentrates, yeasc.

. Antibiotics - Pet’Cillins, Streptomycin, Tetracycline 

3acitracin
5
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goods by fermentation processes: a source of fermentable carbon and 
an organism which produces the desired product or is itself the desired 
product. Usually, economic constraints dictate that the cheapest form 
of fermentable carbon be used, and in the case of much of the Are’

countries this is the, sugar in molasses. In these areas rich in oil the 
potential exists for the use of methane and other n—paraffins as the 
carbon source, but this potential is not likely to develop to any 
extent because these sources are also potentially more expensive 
than molasses.

The availability of molasses in the Arab countries has been recorded 
as follows:

Egypt 300 OCO tons (cane)

Morocco 127 000 tons (beet)

Tunisia 32 000 tons (beet)

Sudan 30 OCO tons (cane)

Syrian Arab 
Republic

18 000 tens (beet)

Iraq • 6 OCO cons (data)

Lebanon 5 OCO cons (beet)

Algeria and Libyan Arab Jamahiriya, data not available

It is seen that there is an adequate supply of molasses for the 
establishment of fermentation industries, although it ir not evenly 
distributed geographically. The largest supply, (Egypt) is not at 
present fully utilized at home, two-thirds being exported to Europe.
WhiJ- exports are a good and necessary source of "hard" currency, 
they are an increasingly better source, the more value is added to 
them before export.

1. Organic solvents

a) Ethanol:

The fermentation of molasses to ethanol and the recovery of the al-. 
cohol by distillation is well known art which is practiced in Egypt and 
probably elsewhere in the Arab countries.
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b) Acetone - Butanol:

These two solvents can oe produced by fermentation >jf molasses using 
a strain of Clostridium acetobutylicum. In molasses medium the ratio of the 
solvents produced is: butanot 6.3» acetone 3 and ethanol 5* These are sepa
rated in a rectifying column. The acetone-butanol process is somewhat more 
difficult than'the ethanol process,. The residual broth sifter r the removed 
of the solvents is rich in riboflavin and can be evaporated to dryness 
and used as an animal vitamin B2 concentrate.
c) Glycerol:

Glycerol may be produced micro-bioiogically by a modification of the 
ethanol fermentation. The modification consists of adding sodium sulphite 
or a mixture of normal sulphites and bisulphites to the fermenting mash.
Yields of 22^ glycerol, 30^ ethanol and $0% acetaldelyde, based on sucrose 
used, cab be obtained.
2. Organic Acids

a) Acetic acid:
This is presently being manufactured in Egypt by berth the bio-oxidation 

of ethanol and as a by - product from the production of acetyl salicylic acid.
Ho information about its manufacture elsewhere in the Arab countries is available.

b) Lactic acid
Lactic acid is an easy fermentation to carry out to the crude acid stage. 

There are several strains of Lactobacillus which will ferment the sugar in 
molasses. A growth factor supplement such as com 3teep liquor may be advan
tageous. Purification of the crude acid is difficult. The chemical sequence 
of precipitation as calcium lactate followed by double decomposition with 
aulphuric acid to recover the acid and precipitate the calcium sulphate must 
be done twice. It ie difficult to remove the water from the final solution.

The preferred procedure is to esterify the crude acid with an alchohol - 
ethanol can be used - then recover the acid by saponification after fractional 
distillation. This is a complicated procedure but if the volume cab be made 
great enough so that the resultant pure lavtic i3 cheap enough, there is poten
tially z. very large market demand for the production of methal cry late plastics.



This product is of particular interest to ACDLMA and an industrial 
profile has been worked out and is presented separately.
d) Gluconic acid

For this acid a glucose medium such as hydrolyzed starch, rather than 
molasses must he used. Also it is an aerobic process and requires good 
aeration . There is a choice of several genera of organisms Acetobacter 
Pseudomonas, pénicillium, Aspergillus. The fermentation batch time is 
about forty hours. Continuous fermentation is a possibility.
3. Enzymes
Two enzymes are presently being manufacuhed- in Egypt: Alpha amylase and a 
proteinase, lhe former is used in desizing cotton and the latter in the tann
ing Industry. Alphaamylase and Beta anylase working together could be utilized 
in hydrolyzing com starch to glucose. Glucose is needed, for certain fer
mentations eg. antibiotics and riboflavin.

The list of enzymes which can be made from fermentation is long.
4. Nutritional supplements

a.} Vitamins
2i) Riboflavin (vitamin B )

A vitamin B2 concentrate can be obtained by drying the broth from the 
acetone- butanol fermentation after solvents have been stripped off. An alter
native fermentation is available in which the riboflavin is the main product.

It must be nojed that the organisms used in this more specific fermentation 
are pathogenic to the growing cotton plant. Therefore, whereever this fer
mentation is carried out, great care must be taken to ensure that the organisms 
do not get o u ï  of the factory to infect the vegetation, particularly cotton, 
in the surrounding country side. This involves filtering and sterilizing the 
air issuing from the fermentation tanks, serilizing the liquid wastes and lo
cating the factory as far from vegetation as is feasible.
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Two organisms are favourable - Sremothecium ashbyii and Ashbya gossypii .
It should be noted that riboflavin can also be produced by chemical means, the
method of choice by Hoffman La Roche.
ii) Vitamin 3 12

Unlike other vitamins appearing in the human and. animal diets , 
vitamin B 12 is exclusively a product of the biosynthetic activity 
of microorganisma. It is essential for the growth and well-being 

“*of many animals but must be obtained either by in^stion of food of 
animal origin or from commensal organisms within the animal's own 
digestive tract.

Vitamin B 12 is not a single substance but a group of cobamides 
closely related chemically. A similar* group, 3 12 analogs or pseudo 
B 12, promote the growth of certain microorganisms only, and have no 
value nutritionally for man or animals.

Vitamins B 12 are produced by wide range of bacteria and streptomyces 
but not by yeasts or molds.
Of particular interest to ACDIKA is the possibility of recovering the 
vitamin from the spent biomass of the tetracycline process in Iraq.

Alternatively the biomass can be dried and used as a crude Vitamin 
B 12 concentrate.

It is of course possible to make a special fermentation for 
Vitamin B 12 only. However the recovery process i3 the same as for 
the biomass of tetracycline and it is suggested that this be dealt 
with first.

iii) Vitamin C
As stated earlier the production process of Vitamin C is only 

partly microbiological. Very briefly, the process is s d- glucose 
is electrolytically reduced to d-sorbitol. D-sorbitol is dehydrogenated 
to 1-sorbose by acetobacter suboxydans, the only microbiological step.

iv) Thiamin, nicotinamide, Folic, Biotin and other members of the B complex
When desired a3 pure chemicals, these vitamins are produced 

sythentically. To extract them from natural sources is more expensive 
However they occur in relatively large quantities in Yeast and in 

this form can be used a3 a nutritional supplement.

i
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v) Yeast (or sir.rle protein S.C.P.)
least as a produce or a fermentation process is of particular 

interest to ACDIHA. Therefore, a separate industrial profiel is presented.
vl) Amino ¿Voids

These are three nutritionally essential amino acids which are 
produced by a microbioligical transformation of a specific precursor.
These are:

a)L—threonine fron alpha-alpha diamino- pimelic acid by an auxotroph 
of E coli or
L-threonine from L-homoserine by a variety of bacterial cultures 
e.g. Bacillus, Xanthononas, Pseudomonas etc. Tnis process requires 
the preliminary production of L- homoserine by auxotrophs of 
Me. glutamicus.

b) L-tryptophan from indole, indolepyruvic acid or anthranillic 
acid by Clave ceps purpurea.

j
c) L- isoleucine from UL-alpha-aminobutyric acid by B subtills.
d) L-Lysine is an essential amino acid which is accumulated in the 

culture medium of various photoxropic a 4. auxotrophic bacteria 
e.g. Eserichia Coli and Aerobacter aerogenes. It is also accu
mulated by yeasts in a medium to which has been added a suitable 
precursor such as alpha-amino adipic acid, alpha-beta-adipic acid 
or 5-formy 1-2 oxovaleric acid.

vii) Flavouring agent
There is4however, one amino acid, L-glutamate, which as the monosodium 

salt, is a flavouring agent widely used in Europe and ITorth America.
This may become of interest to ACDIMA and therefore is mentioned here.

Although organisms which accumulate L—glutamic from sugar base are 
available, a cleaner fermentation results by using organisms which are 
able to utilize acetate, e.g. Corynebacterium acetoglutamicum. Since 
acetate is a chemical which is available in Egypt both as a by-product 
of the manufacture of acetyl salicylic acid (see under acetic acid) and 
from the bio-oxidation of ethanol, and since also there appears to be a



large possible market for momosodium glutamate (MSG), there is reason 
to believe that the matter should be looked into in a thorough manner.
Two aspects are important: research on the technology and the market 
potential.

A list of products, which could be produced in Arab countries based 
on Fermentation is given above. However, it is necessary to assess in 
each case the current requirements, the forecast for the next ten years 
and the possibilities of export as also the economics of production.
In the case of certain products such as Butanol, acetone, glycerol and 
riboflavin the economics of production by fermentation vis a vis by 
synthetic process has to be evaluated. AS regards some of the nutritional 
supplements such as thiamin, folic acid and amino acids, the requirements 
are normally so small that large scale manufacture will be hardly 
economical.

C. Present status
a) Ethanol

As indicated earlier, ethanol is produced by fermentation of 
molasses in Egypt and probably in other Arab countries. The quan- 
taties produced are probably adeuqate to supply the home, market and 
there i3 no compelling reason to believe that a large increase 13 
imminent.Competitive to fermentation alcohol is that which can be produced 
from petrochemicals. This is usually considered cheaper, However, 
petro-chemical alcohol requires a largp production to serve a large 
market within a radius of easy transportation. This set of circum
stances may not exist and therefore it is likely that fermentation alcohol 
will not become obsolete.
b) Acetic Acid:

As indicated earlier, this is currently being manufactures in 
Egypt. It is assumed that the health authorities in the Arab countries 
like their counteruarts in the rest of the world will be reluctant to 
agree to the use of acetic acid as vinegar in the food industry, unless 
it is produced from alcohol which itself has been "naturally” produced. 
This means that fermentation alcohol and vinegar are symbiotic. On 
the other hand, chemically produced acetic acid can be concentrated 
to the glacial form and can find industrial uses wherever a mild 
neutralizer is needed, such as deliming hides in a tannery. The 
future market for acetic acid as vinegar will probably reflect the 
size of the urban population. If the latter rises slowly, so will
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c) Enzymes

As mentioned earlier, alpha anylase and proteinase are manu
factured in Egypt• It would seem that the course of wisdom would be 
to refrain from producing- other enzymes until a home market of adcuate 
size was demonstrated.

_ D. Future development
a) Industrial profile for Citric Acid

It has been estimated that the consumption of citric acid in the 
Arab countries would be 2000 tons per annua in 1980 as indicated in Volume I.
It is noted that this, apparently, is the estimated consumption for
drug use only. If non-drug use in considered, the figure of 2000 may be much
too small.

The following comments apply tc a plant conceived to produce 3C00 
tons per annum of anhydrous citric acid.
1.. Choice of process

Citric acid is produced by a strain of Aspergillus niger growing 
on a molasses solution. The mold first grows from spores, then-secretes the 
citric acid into the solution. Air is required, and it may be supplied by 
arranging either that the mold be grown on the surface of a ventilated 
shallow tray of molasses medium, or in a deep stirred tank through 
which air i3 bubbled. Although it is often stated that the deep tank 

method is more economically attractive than the shallow tray method, this cannot 
be accepted' unequivocally for all circumstances.

There is little doubt that the shallow tray method is the easier 
method to carry out. The skill to operate a shallow-tray process exists 
at present in Egypt and perhaps elsewhere in the Arab countries. Therefore 
a preliminary design for a shallow-tray plant was worked out and preli
minary cost estimated made.
Preliminary cost estimate for a plant making 3000 T citric acid per annum 

Assumption
Fermentation yield of citric acid will be 605s of sugar input.

Losses in processing will be >0/« of fermented yield.
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Area recrnired:
A- for fermentation 3500 M

23- fcr processing et al 3500 K

7000 H2

Capital costs

2

2Building at 100 L.E. Per M 7000C0

Equipment ( 100^ of building) 700000

Interest
1 ,400,000

8 % per annum = 122,000 p.a. 37*3 per ton
Depreciation
a) Building (20 years) 35»000 P.a. 11 .7 per ton
b) equipment (10 years)70,000p.a. 23.4 " n

Maintenance
At 5 io •ft8o

•t
ot— a. 23.4 " tt

95-8

Materials

Material Price/ton Tons required 
for ton citric

Price per 
ton citric

V ° 4
45 0.70 31.50

Molasses 20 4,00 80.00
NH.NO, 4 3 114 0.02 2.28

Methanol 140 0.20 28.00

Ca (0H)2 6 O.65 4.00

145*78



Summary o f c o s ts
L.2. per ton for citric

Capital 95.8

Materials 146.0

Labour (25 at 36O p.A) 3.0

Administration overhead (100^1abour) 3.0

Steam 20 tons.At 0.1 2.0

Electricity (100 Kwat at 0.006) 6.6

Water (46M^ at O.35) 1.6

Market price 555. 258. 0

A note on cost analysis

Although the figures given on the preceeding page are thought 
to be derived from reliable sources, the very fabourable ratic of 
cost estimate to market price is cause for skepticism.

It is noted that no charge is included for land, due to ignorance 
of a fair price, but, it is considered most unlikely that inclusion 
of land values would destroy the favourable ratio.

It is further noted that any one of the items or all of them 
together could be raised 25 and the favourable ratio, would still not 
be destroyed.

Design of Proposed Plant;
Please refer to figure* I end II

An orthodox process is recommended, vis:

1. Fermentation on shallow trays.

2. Separation of citric broth from myceleal mat.

3. Neutralization of citric acid with lime.

4. Separation of calcium citrate.

5. Acidification with H-SO..2 4
6. Separation of citric acid solution.

7. De colour!zation v/ith activated carbon

8. Separation of de colourized citric acid solution.



9. Passage through cation exchange column.

10. Concentration of citric acid solution by evaporation.

11. Crystallisation of citric acid.

12. Separation of citric Crystals.

13. Packaging crystals into drums.

14* Drying of crystals.
RECOMMENDATIONS

ACDIMA should investigate the following factors before
taking a decision to go in for the liianufacture of citric ¿cid.

»

a) A review of retirements of Citric Acid in Arab countries is 
warranted. As against an annual requirement of 2C00 ton3 by 1950, the 
actual quantity of citric acid planned for import by Egypt in 1977
is only 304 tons.

b) The suitability of cane milasses as carbon source in the fermen
tation has to be investigated. A plant in India set up with Technical 
collaboration of a firm from the developed county suffered serious 
setback due to the non-suitability of cane molasses available
in India. Infact, the foreign firm developed its process on the 
use of beet molasses. Cane molasses contain certain inhibitors—  
such as trans-aconitio acid.

c) In the light of above, in case beet molasses is to be used, 
the anticipated availability and economics of production have to 
be evaluated.

d) Economics of fermentation using molasses vis a vis methane is 
to be investigated.

e) The traditional shallow process of fermentation is recommended 
as against deep tank method for certain reasons such as ease of 
operation. The relative economics has be worked out.

In case the shallow tray proceas is adopted in the proposed plant, 
it is necessary to carry out researbh on the following subjects connected 
with the manufacturing process.

i) Optimum liquid depth in the trays

il) Seed sporo medium

iii) Crystallization of citric acid

iv) Mutagenesis of the mould



v) Deep tank fermentation parameters.

f) Economics of recovery of citric acid by counter current solvent 
extraction vis a vis by the route of calcium citrate is to be assessed.

g) The most important prerequisite to take up the manufacture is the 
culture stain of micro-organizm fit for commercial production anri the 
cost of this has to be included in the cost estimate given above.

In the light of above, it is obvious that ACDIMA after establishing 
the feasibility and necessity to take up manufacture of citric acid, may 
go in for technical collaboration for obtaining the micro-organism, 
technology and for constructing the plant.

Modified Industrial Profile for Peed Yeast

Introduction

In this report a number of products have been listed which can 
be made by fermentation. The list is by no means exhaustive but 
represents those products which could be of interest to ACDIMA within 
the reasonable future. Some of them may be of immediate interest, some 
of them may be of interest at a more distant time and some of them 
may never be of interest.

It may be said that it is unlikely that any one, or all of them 
together, will ever utilize ’' fully the supply of fermentable carbohydrates 
available in the Arab countries.

What is needed is a commodity which can be made in all the mcrasses 
producing areas of the Arab countries, which has a sufficient value in 
utility that a market exists for sill that can be produced.

Yeast as the Universal Product:

It is suggested that yeast is such a commodity. Although the 
proximal objective of ACDIMA is to expedite^ the production of drug3. 
the di3tal objective is to raise the health level of all the Arab 
people. Moreover this must be done at a period of history when popu
lation pressure will make a shortage of protein so necessary for good 
health for meny people most probable.

Yeast has the capacity to some degree to alleviate both protein 
and vitamin deficiencies.



If the reasonable assumption is made that molasses is grown 
to yeast at a yield of 7*5 then the following table can be constructed

Country Population Ton Molasses 
per annum

G protein per 
person per day

Egypt 37,232,000 300,000 1.66

Morocco 17,311,000 127,000 1.51

Tunisia 5,612,000 52,000 1.90

Sudan 17,759,000 30,000 0.35

Syria 7,346,000 18,000 O.5O

Lebanon 3,244,000 3,000 0.19

Sub Total 88,504,000 530,000 1.0 2

All count- 145,558,000 530,000 0.75
ri'es

It is seen from this table that on the average 0•75 g protein
are available to each person per day if all molasses is grown to
yeast.

least moreover, is a useful source of some vitawins as ;.iay be
seen from the following table

Vitamin ufc/100 a dried yeast
Thiamine 2,800

Hiboflavin 6,200

Biotin 200

Folic Acid 700

Hlcotinic acid 28,000

Pantothnic acid 9,500
B 6 3,400
B 12 0



HECOWtSin&TICN:
It is recommended, that A.CDIMA consider the desirability of 
establishing a model plant for the production of dried yeast, 
and this plant be used for training personnel from all over

the Arab countries so that from time to time new plant tan be built 
and staffed wherever there are molasses.

The yeast produced will be used in two ways: as a protein
concentrate for both animals and humans. Per animals, the- 
yeast will be incorporated into feed rations, For humans it 
is sug^sted that it be incorporated into a basic food such as 
flour.

The process of Yeast Production

Yeast can be produced either batch-wise or continuously. In 
either case air must be supplied, otherwise the yeast will produce 
alcohol, but will grow very little.

Continuous Culture (figure IV)

In order to introduce more efficiency, continuous culture has 
been developed. The principle of this is to feed the yeast at such 
a rate that it overflows the tank when the yeast is at its maximum 
rate of growth. This nutrient medium will contain the sugar, nutrilites, 
a source of nitrogen (ammonium sulphate or urea) and a source of phosphate.

In order that the overflow from the gfbwthtank be fully representative 
of the entire contents of the tank, the tank must be well stirred and 
fully baffled.

Since the rate of feeding and the concentration of the nutrient 
solution are both variable at will, it is the oxygen transfer rate 
which is the controlling factor in any particular installation.

The harvest tank will have a much diminished air supply compared 
to the growth tank - just sufficient to satisfy the demand of the 
small amount of nutrient carried over.

The growth tank can, of course, consist of a series of tanks rather 
than one single tank.

Prom the harvesting tank the yeast i3 concentrated into a thick 
cream by centrifuges.



The next step presents alternatives: the thick cr“on r.ay be dried 
directly on a vacuum roller drier as shown in figure IV or in a spray 
drier.

Or it may be compressed to a puty-like consistency in. a filter press.
This cake may be ground into small pieces and spread out on a wire mesh tray 
to be dried in a flow of air. This latter procedure requires less capital and 
steam but occupies a larger area.

Under a set of given conditions, in- a yeast factory built around a 
growth tank of usable volume of 135^ it can be shown that nearly 6 tons 
protein can be harvested daily using 80 tons molasses, 4-65 tons Ammonium 
sulphate and 2.19 tons Phosphoric Acid. Expressed, differently, to produce 
1 ton protein requires 13*3 tons molasses, 0.78 tons Ammonium Sulphate and 
O .36 ton3 Phosphoric Acid.

Choice of Organism

Many organisms have been used: Saccharomuces cerevisiae -,nd Torulopsis 
utilis being the most common. The organism chosen should have a bland taste 
and high rate of growth.

It is sometimes said that yeast contains too high a nucleotide content 
for human taste. This is a valid objection only • when the intake is high.

On the other hand, research on removing nucleotides could well be in 
ordê *, considering the probable future demand for protein.

Cost

It is not possible to estimate the cost with the available data. First 
the growth characteristics of the organism must be firmly established. Then 
pilot plant runs must be carried out to ascertain the minimum nutritional req
uirements for maximum yield of nitrogen and phosphate. At current prices 
molasses 20 LE, ammonium sulphage 300 LE and phosphoric acid 2745 EE per ton, 
the cost of raw matorials per ton of protein is about 15OO LE. The total cost 
will be in the neighbourhood of twice that figure on 3*000 LE.

In addition, the method of drying must be established.
With this information available, a plant can be designed and costed. It 

may turn out that the cost of producing yeast for animal and human use will oe 
said to be uneconomical by orthodox accountants. If this happens it will be 
because orthodox accounting only deals with things which have a value in exchar.
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Good health has no value in exchanriTbut has a high value in 
utility. Orthodox accounting consequently ignores the value in 
utility. ACDIMA may not be so selective in outlook.

recct-iKeniiattcns

a) As regards fodder yeast, Societe des Sucreries et de Distillerie 
D'Egypte currently makes fodder yeast and exports it to Europe. Tiere
is no competetive protein concentrate in Egypt. So this production 
can be expanded.

b) One of the objections to using yeast for humans is the 
damage due to salmonella infection. Sterilization of all ingredients 
used in fermentation, might overcome this problem, but this would make 
the process too expensive.

c) Before taking up the manufacture of food yeast for humans, 
the acceptability aspect should be thoroughly gone into. This is 
particularly so inview of the 3erious setback suffered by an experimentAl 
plant set up in West Indies foh the manufacture of food yeast as xhe 
local population did not like its taste.

Type Culture Collections

Type culture collections in Egypt are not large. Rather they 
are working collections serving the interests of the particular or
ganizations which own them: Ministry of Agriculture, University
Soils Department (AinuShames) National Research Centre.

No attempt is made to function as a distributing centre for other 
laboratories on a large scale.

This is as it should be. There are already large cultures in 
United States, Canada and United Kingdom to mention only three which 
can serve the world including Egypt.
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figure II. Layout of citric acid plant
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Presan*

Host .forms of Veterinary Medicines could be carried out using the 
same facilities that are used in the production of human medicines. The 
construction of a separate entity for the processing and packaging of 
Veterinary products *¿.¿1, therefore, depend-on what products are actually 
needed.

A survey of C.I.D. formulation plant in Assuit, Egypt has beer conducted 
for carrying out dual operations to produce both pharmaceutical and 
Veterinary medicines in the same entity. This plant at the present time 
is only being utilized at about 30 i* of its available floor space. The 
observations are as follows-:

â) Veterinary Medicines

These can be processed using the existing equipment after overhauling.

b) Processing of Animal Feed Products

i) The present facilities can be used by increasing the height 
of the ceiling in a section of the building. Alternatively, a new 
machine which will fit into the existing space can be procured;

ii) A third alternative is to build a pre-fabricated unit sis a 
separate entity to accommodate the machine recommended.

c) Crop Chemicals

A separate pre-fabricated wall-roof unit has to be built for this uni

d) Pharmaceutical Processing:

The internal construction of the existing building should be
designed to G.M.P. standards and equipment to assure ample capacity
for 5 - 10 years requirements may be acquired.

Future

A plan is given for the establishment of a pharmaceutical - veterinary 
fromulation plant having the following annual capacity ( 8 hcur shift)



Products Capacity

Tablets (compressed and coated)
Hard Gelatine capsules
Soft Gelatine capsules
Liquids (Syrups and Suspensions etc.)
Ointments - Creams
Suppositories

150,000 kg. 
required for sale

250 - 300 M
100 - 150 M 

50 - 60 M 
300,CC0 L

A lay out is suggested, total estimated cost including building, 
services, processing equipment and office requirements is given. Guide
lines have been laid down for plant construction. A separate entity may 
be constructed for Antibiotic'processing and packaging and necessary 
equipment to operate this facility maybe provided .This recommendation 
is in line with G.H.P. guidelines.

The"estimated"capacity as indicated above can be doubled by working 
two 3 hour shifts with very few changes in the internal design. Industrial 
profile for the above is given.

Instead of building a multitude of complete formulating plants (small 
and large) in every area concerned, it is suggested that a "unit” of a 
pharmaceutical plant , one for each country may be built viz. one entity 
to producer tablets and pack where there is a high demand for tablets 
and very few liquids.
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3. Present utiliza~i-3a of existing facilities for ~he a re due tic r. 
of pharmaceutical and veterinary medicine

The purpose of survey of C.I.D. plant in A3suit, Egypt was to 
establish its suitability to produce given line of veterinary medicine 
in all required forms and dosages; weed preventer products and a line 
of Animal Peed Additives, these in conjunction with a line of pharmaceutical 
Medicines (not including a Sterile Line of items)

The plant at present is approximately 4,500 3q. M. and at the 
present time is only being utilised at about 3C%> of its available floor 
space.

The equipment on hand, in most instances is old, but, with 
some proper repairs and maintenance could give good service, and 
capacity, sufficinet to fill the needs (in the following suggested 
area) for some time into the future.

The building and facilities appear to be in gooa condition and all 
services are on hand and also in working condition.

The following would be the suggestions to make the plant into 
an economical; dual operation to produce both Pharmaceutical and 

Veterinary medicines in the same entity.

It would cost "money" to put these ideas into operation, so would 
any development no matter how small or large, but these suggestions would 
at least use these facilities as they are at present with a much reduced 
total outlay in hard cash.

No. I Veterinary Medicines Take the equipment now on hand, have it all 
completely over-hauled by competent people to a good operating condition 
and then use primarily for the processing of Veterinary medicines, where 
possible, the area for operations would be the furthest area from the 
Entrance to the plant (appeared to be the south-west end).

Thi3 move would give sufficient operating equipment to, at least 
start into most lines of Veterinary medicines adn as the demand, to 
start, would ct be high, the capacity from these medicines would suffi
ciently fill the needs*
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Either arrange a contract with a Company such as Manesty to repair 
these machines, (on C.I.D. premises) to a sound working condition, also at 
the same instance arrange to have some competent mechanically inclined 
employee receive some good training from the contract, (suggested).

Processing of Animal Peed Products

There axe two routes to operate these facilities.

a) Use the facilities ( building ) on hand and modify.
b) Build a pre-fabricated unit of a sufficient design to give 

people comfort and product protection.

To use the present facilities and the machine for which xne plans 
are submitted it is necessary to increase the height of the present 
ceiling to N.L.T. 30 M. in a section of the'south west.part of the building 
or procure an alternate design machine which would fit into the present 
space, - J.H. Day of the U.S.A. produce a machine that would fit. It is 
a "Nauta" style mixer and does a good job of mixing this kind of product.

Use the machine for which the plans are given and build a pre-fabricated 
unit as a divorced entity. This could be built very cheaply as weather 
would not be a problem, a wall-roof design is required to give product 
and people protection from the heat.

Crop Chemicals

This unit would require a separate entity of the same structural 
design as above ( a pre-fabricated wall-roof) There is ample acreage on hand.

Pharmaceutical processing

In this instance there is an opportunity to start a plant with G.M.P. It is fel 
that here is ACDIMA's so called chance of a life-time by having a building 
already on hand, with most of the services and facilities incorporated to 
design the internal construction to G.M.P. standards and acquire good equipment 
to assure ample capacity for the 5 - 10 year requirements. As the plant is very 
close to (or part of) the University of Assuit, there would be an ample supply 
of Control People, also the fact of an Agricultural Experimental farm being 
on hand would certainly be an added fact to utilize this facility to its utmost.



The City of Assuit appears to be a central area for the production of 
all Veterinary products particularily for Upper Egypt. The same would apply 
for Pharmaceuticals, a plant of medium capacity would bo ideal.

In conclusion, the use of these facilities is advocated for veterinary 
medicines and Pharmaceuticals as soon as possible. There is ample room in this 
set-up for some Person with an active imagination and also being well trained 
to build and operate a profitable Company.

C . Suggested pharmaceutical/veterinary formulation plant, and 
principle seulement recuired

LAND AREA - 30 Acres (1 ¿¡Hectares)
PLANT AREA (floor) - 90,000 Square Peet (8,400 Sq. M)
No of EMPLOYEES - 200 (plant)

- 90 (Office)
PLANT CAPACITY (ESTIMATED) - ( 12 months ) 8 Hour shift

Tablets (Compressed and Coated)
Hard Gelatine Capsules
Soft Gelatin Capsules
Liquids (Syrup - Suspensions etc)
Ointments - Creams
Suppositories

250 - 300 M 
100 - 150 M 

50 - 60 M
300.000 L
150.000 Kg
required for sale

Services Recuired

Steam ( horse Power)
Electricity (operational Process) 500 H.P.
Air Pressure ( 200 P.S.I.)
Vacuum Supply 
Refrigeration 
Air Conditioning
Conditioned (people Comfort) not humidity controlled 
Sewers
Water (hot-cold-sterile-distilled and deionized)
Disposal of waste
Disposal of waste (Dangerous)
Serviced Land
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Steel bean framework to required size
Outer walls to be of a pre-formed design either constructed of metal 
- preformed cement or othe’' -■re-stressed material suitably insulated 
for the area.
Roof and ceiling could be a pre stressed laminated truss of a suitable 
design and of other than wood construction.

Plant Construction (internal)

All walls - ceilings - floors to be of a design and material to meet 
present G.M.P. regulations.

a) Walls ceilings arf floors to be joined by a "Cove designed corner
b) Floors should not be constructed of Tile in any form, floors should 

be of non porous cement with a polished hardened surface, coated 
with a non porous material such as the Sprayed on Poly Vinyls that 
are impervious to operating hazards, such as solvents-trucks etc.

c) Floor drains should be designed with ample capacityf with normal
or legal "Traps" in the lines, also where possible, be fitted with 
some form of a "closing" devi

d) All electrical lighting should be recessed and either of a dust- 
pr^of or Explosion proof design, depending on the area of operation.

e) Electrical switching (inter-Dept) should be recessed and capped where 
possible, also constructed under either dust-proof or explosion-proof 
standards.

f) Piping- Conduits- Electrical Wiring should be housed in a false ceiling 
wall or imbedded in the floors (in some departments) damp areas to
avoided.

g) Plumbing design and location - all piping should be housed in a false 
wall or suitable channel and flush fittings be used where possible.

h) All piping housed in Channels or false walls should be housed in an 
area so designed to give easy accessability for impairs etc.

i; Cement floors in all Liquid - Powder or any formulating area should 
be of a "bonded" or grounded design (to eliminate any chance cf a 
spontaneous or flash explosion).

j) Internal divisional walls (non-supporting) should be of a portable 
design (G.M.P. approved) to facilitate expansion or charge in internal 
plan, if and when required.
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k) All windows to be hermetically sealed except "people comfort windows" 
(which would not be in the process areas). These would be suitably 
screened (if this did not interfere with the air conditioning facilities).

Plant Maintenance - Engineering

The drawing to house these facilities has not been allocated in any 
specific area in the final layout. It is suggested that when the required 
desigpi is finalized, this department can be considered to be as centrally 
located as possible taking into consid ration the cost of piping steam - 
distilled water - deionized water - electricity etc. is very costly, also 
the repair and maintenance department should be as central as possible in 
case of emergency. The final plan (needless to say) will depend very much 
on the geography of the acreage(land) that is procured.

General Offices

This area has been located on the outside walls in all instances. This 
will facilitate exapansion if and when required also to be as centrally located 
as possible.

\

Executive Offices

(if internal standard rules require) could be placed on a second-floor 
immediately above the main or front entrance accessable from the Lobby. This 
would also assure that valuable floor space (main floor) is occupied by the 
produttion Department. This second floor could also house any conference rooms 
etc that would be deemed necessary.

Plant Design *

Plant design has been plained to minimize expansion problems as much as ' 
possible(personal opinion).

If and when the plant requires an addition it is suggested that the 
area for expansion be designed approximately the same as the unit (area) 
presently in use. This would enable the movement and the use of the present 
equipment in a given square meter with little lost space.

It is also suggested that sufficient acreage be acquired in the first instance 
to accommodate at least 20 years of growth and expansion. This will be about 
2p0,G00 square feet (23» 150 Sq. M.) of factroy space equal to 2.5 times 
the present floor space (suggested).

iI
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Hôte
Each unit has been drawn as a separe.te entity end could be located in 

a multiple of actual layouts, the control of the actual processing would 
not be affected in any way.

The common factor of "flow" has been utilized as much as what appears 
possible, as indicated in the suggested layout.

Antibiotic Processing and Packaging (lien Sterile)

There are not any facilities indicated for the production of anti
biotics in the drawings.

According to the most recent "Directives" from the Health Protection 
Branch in Canada, this group of products (Antibiotics) cannot be sufficiently 
controlled during the processing or Packaging tc completely ensure that 
"Cross-Contamination" of other pharmaceutical products manufactured in the 
same building could be a guaranteed, fact. Therefore the production of these 
products must be performed in a building completely divorced from the main plant.

These restrictions, at the present time apply to all forms of Pencillin - 
Erythhomycin aid Streptomycin in all strengths (dosage).

In the light of above it is emphasized that the construction of a 
separate or divorced entity be seriously considered.

This separate entity would be all inclusive, in other words it would 
be designed to process - fill and package all medications that would be 
considered to:be an Ahtibiotic.

The necessary equipment to operate this facility would be required 
and assigned to the production of these products only.

It is suggested that sufficient and competent personnel are trained 
to operate this plant and they not be used in other operations.

Veterinary Medicines (Host forms)

This particular phase of pharmaceutical processing could be carried 
out using the same facilities that are used in the production of human 
medicines .

The compatibility of the two branches of medicines in most forms will 
present no problems.



If capacity became a factor in tbe production ox both, the addition 
of equipment and personnel would defeat this problem at least for the present 
time and according to the formulations now available, some time into the 
future.

Therefore it is suggested that the construction of a separate or 
divorced entity for the processing - packing of Veterinary products, at- 
least not until all of the Arab Countries have come to a final decision 
as to what products are needed to control the various predominant diseases 
how the 1 OOO's of farmers are going to be instructed in the use of these 
medicines also the general overall picture is clarified.

The Arab people realize that with the addition of people and machines 
most of the capacities could be greatly increased. The above is stated 
assuming that the personnel are "properly trained" in all aspects of 
pharmaceutical processing and in the most knoledgeable use of these additional 
machines.

Qps^iting and Processing Equipment

All formulating equiment should be operated in an "isolated area" and 
stored under sanitary conditions when not in use.

' All formulating equipment snould (where possible) be made "portable" 
to facilitate more economic use of the equipment and to ensure the equipment 
is used in a divorced area, (areas should be available where portable machines 
can be used.)

These areas should be equipped with a suitable exhaust system and all 
other services required in the operation of this equipment.

All vehicles used in the transportation of all aspects of pharmaceutical 
production should be of Tubular construction, with all open ends sealed and 
all joints arc-welded, wheels to have a neoprene tire and sealed bearings.

Affiliated equipment such as scoops - trays - small containers, paddles 
etc. should be of Stainless steel Ko 304 - 312 construction or of acceptable 
P.V.C.

Glassware should be housed in a closed area that could be recessed into 
the wall.

All operating equi;ment (housed or portable) should be equipped with 
a "grounding" device or be of a "static"proof design.
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The attached list of processing equipment is the estimated require
ments to facilitate the operation of the Fhamaceutical Formulating plant, 
which design and drawings have been submitted to ACDIMA.

The indicated equipment has been suggested, in design and quantity, 
to be used as a "One Department Use Machine" , therefore there are dupli
cations.

If the suggested plan is accepted, and the building is built to the 
submitted design, some of the suggested equipment could be eliminated (if 
a strict clean-up procedure is layed down and adhered to), as individual 
machines could be utilized in'various departments for multiple processing.

Some of the machines are indicated by an (* asterick) that could be 
eliminated (depending on the products produced) for tee present time and 
still have a G.M.F. operation.

The equipment indicated could in two 8 hour shifts double the 
"estimated" output of this suggested plant with very few changes in 
the internal design.



Dry Poy/d^r K ir ir .r  -  G r a n u la tir r  -  O rird in ~  -  Com pression

Machine Size 1976 Approx, cost Canadian $

Pony Style Mixer 200 - 300 L 25,000

Granulator (Extruder) 10 Cu. Ft. 18,000
* Granulater (Signa) ' 10 Cu. Ft. 12,000

Oscillating Granuiater 6,500

Fitzpatrick Kill 9,000
* Fitzpatrick Kill (Force Fed) 12,000

Homoloid Kill 8,000

Fluid Bed Dryer 100 - 150 Kg. 9,000

Ribbon Kixer(c/Liguid Inj.) 5 0 - 7 0  Cu. Ft 40,000

Gone Blender (with liq Inj.) 40 Cu. Ft. 25,000

* Cone Blender(with liq Inj.) 20 Cu. Ft. 18,000

* Fitzpatrick Mill (Enclosed) 12,000

Pot Mill 42" 8,000

Ball Mill 60 "(De pending 9,500
on Products)

Hoist (Travelling Electric) 5,000

Dustless Powder Loading 10,000

Drying Ovens (6 Sections) 30,000

Trays and Racks for Drying Ovens(S.S) 60,000
Hobart Mixer 50 Kg. 7,000

« Herb Kill (if required) 4,500
* "V" Shell Mixer (c/Liq. Inj.) 2 0 - 3 0  Cu.Ft. 15,0 00

Ribbon Mixer 20 Cu. Ft. 15,0 00

Tote containers
Tablet Press Rotory 1 x 53 Head 45,000

Tablet Press Rotary 2 x 43 Head 70,000

Tablet Press Rotary 2 x 16 Head 20,000

Tablet Press Retary 1 x 12 - 16 Head 
(Heavy Duty)

12,000

Tooling (Pinches and Dies) 100,000

Tablet Dedusters 5,000

Total 610,500



In Process Tablet Testing

Machine Size Cost

Hardness Tester 2,000

3 - Size (Calibrating) 500
Friability 2,000
Disintegration 2,000
Punch and Die Control Charts 3,000
^ Polishing, and Cleaning

Punch and Die Storage 2,000
Punch and Die Resuifacing 5,000

Total 16,500

Transport Equipment - Service Equipment

2 - Lift Trucfes 40,000
Steam Boilers 75»000
4 - Hard Trucks 2 wheel (pipe frame) 1,000
Air Pressure Compressor (200 p/S.I.) 25,000
6 - Flat Bed Trucks (Pipe constructed fra. 3) 2,500
5 - Vacuum Cleaners 3,000
4 - Travelling Ladders 3,000
Vacuum equipment (if required) 25,000
500 - Skids (metal tube constriction) 50,000
Electrical Test Meters 2,000
1 - Metal Lathe 15,000
Service Tools (saws, hammers, pliers etc.) 10,000
1 - Drill Press 5,000
1 - Band'saw ” 5,000
3 - Electric Drills 1/3 H.P.,1 H.P.,'2 H.P. 2,000

Total 263,500



C oatin g  ( Su .'-or and Spray) -  P o lis h in g

Machine Size 1976 Approx. Cost Canadian

2 - Coating Fans (stainless steel) 42" 20,000

4 - Coating Pans (stainless steel) 60" 48,000

2 - Vertical or Can Shape Polishing
pans

42" 12,000

1 - Accella - Cota Spray Coating pan 602 25,000

2 - Compressed Air Spray Guns and Nozzles 3,000
1 - Tablet sorter (reversing belt type) 10,000

Total 118,000

Filling - Finishing

Automatic Liquid Filler 20,000
(Gravity or Vacuum)

Capping machine (automatic) J,000
2 - Individual Dosage Packaging Machines 75.000
1 - Shrink - wrap (strech Wrap) 15,000

or heat tunnel
2 - Semi - Automatic Labellers 20,000
Carton staplers, sealers skids, trucks
Hand labelling equipment 15,000

Total 174,000



- I9é -

Licrnid - Ointment - Cream - Suppository

Machine Size 19*6 Aprrox.
Canadian

Suppository Moulding equipment •>

Hobart mixer 60 kg. 8,000

2 - Mixers (portable - air driven) Var. 2. H.P. 3,000

2 - Gear Pomps (stainless steel) 20 G.M.P. 4.000

Homogenizer 12 ,0 0 0

Homoloid mill 9,000

Filter press 18" (stainless steel) 16,000

Coloid mill (premier) 12,00 0

Jacketed - Mixer pressure tank 100 - 15O L 15,0 00

2 - Var. speed electric mixers 5 H.P 7,000

2 - Tanks (stainless steel) 150 L 20,000

1 - Tank (stainless steel) dimple jacketed 1,000 L 15,0 00

3 - Tanks (stainless steel) 100 L 4,500
Pony type mixer (double blade) 150'fcg. 20,000
_ , npco3ed directrior. jacketed Turbo Mixer - nomogemzer0 2 H.P. 5,000

Roller Mill 36" 25,000

Automatic Tube - Jar Filler 30,000

Cooling Room 10,000

Turbine mixer 10 H.P. 10,000

"Moyno” style pump 5,000

Total 230,500

Soft - Gelatin Process - Fill - Sort - Package

Pressurized or Vacuum Gelatin Mixer 25,000

Aireating Equipment 10,000

Soft gelatin Unit Dosage 20,000

Curing room 10,000

Sorting table 5,000

Packaging 20,000

Total 90,000
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Hard Capsule Filling - Sort. Polishing

Machine ^os j

7 - Eli Lilly - Park-2-Dcr/is Encapsulating 140,000
or

4 - LTC" Injection (encapsulating or
Hofliger and Karg Model 288 (suggested) 200,0C0

4 - Cleaning - Sorting Tables (vacuum) 6,000
1 - Accilla - Cota pan (suggested only) 25,000

(for cleaning)

Total 231,000



The sheets (4) in the plan are numbered as 1 - 2 - 3 - 4 and were 
originally laysd out in the following sequence:

ENGINEERING
MAINTENANCE !1

i_______________1______________ _________ _

SHEET 50. 1 SHEET NO. t

!
i
I SHEET NO. 2 SHEET NO. 4

OFFICE OFFICE

This is only a suggested plan, this can be changed in a multiple 
of ways to suit the geography and products processed.

Total Estimated C-oct - Building - Services - Processing Equipment - Office 
requirements

Building 250,000
Services 100,000
Equipment (Processing) 1,35'., 000
Office furniture etc. 100,000
Miscellaneous 150,000
Operating transport equipment, 263*500
maintenance equipment, engineering
euipment

T o ta l 2,215,500



The following comments are purely suggestions, they may appear a 
little drastic at first reading but it is suggested that they be given 
some thought ana consideration.

It may be advisable, instead of building a multitude of complete 
Pharmaceutical formulating plants (small or large) in every area concerned 
to go another route for instance a "Unit" of a Pharmaceutical pj.ant, one 
for each country.

In other words, if F'uidi Arabia had a high demand for tablets and 
very few liquids, build an entity to produce tablets only, plus the 
packaging, then if Iraq had a high sale of fillea capsule? build a powder 
mixing and encapsulating plant there, plus the packaging unit and if the 
climate in North bgypt was more suitable for the processing of Hard capsules, 
build it there. These instances are only stated to give on indication of 
what this suggestion could mean to the countries involved.

If this route was followed it would reduce the problems of allocation 
shipping and control. This concept would also save a considerable amount 
of money and greatly reduce the time span of the date of .completion and give 
the ACDIEA group much more control (if control is the correct word to use 
at this stage in time) at the procurement and Q.C. levels.

If the original concept of producing in some countries and then shipping 
the bulk products to other areas for filling and packaging is followed, there 
would be other problems,(physical)to contend with. Per example: when shipping 
tablets in bulk containers the lower -J- of the tablets tend to crush and 
revert to powder, the problem is due to the bulk weight and handling 
during shipment. Part of the problem c?n be corrected by formulating to a 
harder tablet, but, if this route is followed, the disintegration of the 
tablet becomes a problem, also the tablets tend to chip or crack badly.
This on the assumption that the problem of rough handling c o m d  not be 
corrected to an acceptable point.

The bulk of shipping of filled capsules is also adversely affected 
by weight-handling and humidity. The weight will force the capsule? 
to separate, this can create numerous problems especially if the 
activity of the diluent is deliquescent to any extent.
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Liquids, syrups or suspensions , these products ccn be seriously affected 
when shipped in bulk. Syrups can revert to sugar, this then either requires 
heating or filtering to rectify, thereby creating the chance of a non 
uniform product in respect to dosage and the cosmetic appearance. Sus
pensions would more than likely separate or "stratify”, depending on the 
product this could create a medicine that could not be corrected in any 
way to be sure of a product meeting "Content uniformity" standards.

Cream and ointments - in bulk would be almost impossible to ship 
in this heat except by refrigeration controlled trucks or freight cars.
If creams are shipped or housed in or under refrigeration they will also 
tend to layer out or stratix'y, thereby destroying the product in most 
instances.

As stated previously, shipping in bulk can cause numerous problems 
that are diffi^’.lt to correct. One has to contend with the Quality 
Control of th- final product, this would not be G.K.P.

Please note;

The procurement of the required Chemicals for these smaller entities 
in the various countries would not be affected to a great extent, some 
extended shipping would be involved.

Requirements could still be requested through a central agancy, 
in the same aspect as at present and distribution could be handled by 
"regional"shipping with little problems.
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SUGGESTED LAY- C"T OP FORÎUL̂ . TING- PLANT

ENGINEERING
MA IN TE NANCE

SHEET NO. 1 SHEET HO. 3
RECEIVING CSFETER1A (REST; SHIPPING
QUARANTINE STOCK > CHANGE / RF*

Cfl
APPROVED STCCK 5 TOILET
PACKAGE STORAGE
LA30RAT0RY - QUALITY CONTROL c*t»W ▲2RILE FILL

A ISLE
SHEET HO. 2 SHEET NO. 4

DRY POaDER MIX LIQUID PROCESS
GRANULATION OINTMENT CREAM PROCESS
COMPRESSION LIQUID FILL
CAPSULE FILLING POWDER TABLET FINISHING
TABLET COATING

A ISLE
OFFICE WITH 2ND.. FLOOR OFFICE

FRONT
ENTRANCE

A ISLE
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Animal feed product;
A suggested formulation of ar"Ai:im?I feed product" would b3 as follows:
Carrier -■■■■Rice Bran meal or Hulls

— -------Soybean meal or Hulls
— — —— — Or a combination of both

Activity
a) Liquid or pcwdcr form. Note: if activity is a Multi-vitamin 

mineral - sulpha or antibiotic, a premix should be made with some form of 
edible or compatible dilue.it such as lactose - starch H.M.C, or any other= 
of choice.

b) Activity in Liquid form should be premixed with a diluent such 
as a light mineral oil or soybean of av,790 S.G. The oil has a multiple 
purpose assists greatly in distribution of the activity controls the dust 
and thereby assists in the packaging operation Oil content 1 - 1.5$ by 
weight.

Therefore basic formulation would be:
------  Carrier
— — — Diluent Oil (1-1.5^ 'by weight.)
------ Activity

Please note:
The requirement for the "protein"content of a given meal is not 

known for Egypt. It is suggested that a standard is set in this respect ̂ 
high content can adversely affect the absorption of the activity.
Animal feed product as

Multi vitamin powder 
Multi mineral powder 
Multi antibiotic powder 
Single activity of above 
Concentrate form 
Dosage form

Suggested process using the submitted schemetic plans for Animal 
feed products

1) Sufficient meal or Bran is added to the mixer to fill the machine 
about£ full (approx.900 Kg.) tc/*added with the machine in operation.
Note The meal or Bran would have been previously dried to the Moisture Content
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Standards that have beer, applied. It is suggested that moisture content be setat N.”.T. 1C-;; fcv weight.. . . ' * 'U H L  tS

If the moisture is too low, absorption could be affected also 
packaging could be extremely difficult.
2) At this point the Activity should be added:
Note

If the activity is in liquid form a premix should be made of 
approximately 1 - 1 .55c by weight of either a light mineral oil or soybean 
oil of appromimately .790 3.G. and the activity.
Note

If the activity is in Powder form - a premix of the Activity or 
Activities plus a compatible powder such as Lactose- Starch or any other 
of choice should be made.
Liquid to be sprayed at a rate so that the addition of the premix liquid 
and the Q.S. quantity of Meal is completed at the approximately same instant.
Powder form added as a diluted form in the same area as the meal is added. 
Alternate additions are suggested for instance "meal,powder, meal, powder" 
until the batch is completed. The oil ( .5 - «7 %) would require addition 
"before" the addition of the Powdered Activity.

When the addition of the required ingredients is completed, it is 
suggested a further 1.5-2 hours mixing would be required.

The minimum lot size using the indicated machine would be N.L.T.
4 . 5  Tons especially if the liquid activity is used as the sugar blades 
will become exposed at a lower quantity.

The"oil" content using the Powdered Activity would be approximately 
.5 - .7$ by weight. Gil is used once again to assist in distribution and 
the binding of the Vitamins etc, to the meal, this practically eliminates 
the chance of de-mixing (which does happen in Animal feed products) or 
separation.

Please note

The degree of heat and the humidity in Egypt may indicate that the 
Meal or bran used, may not require "drying". This would be a local decision.

It is suggested that if the expected volume is sufficient, either 
manufacuture or procure two of these machines. This will speed the processing
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also relieve ore machine that can be used as a stand-by piece of equipment 
in case of mechanical problems. This may very rarely happen.

Please note;

One should be aware of one other critical point in the processing of 
most Animal feeds. The maximum miring time would be 2 hours. It has been 
mentioned in this resume that 1 . 5 - 2  hours is required, this is normally 
correct, but with a new product it is suggested that the mixing time is 
started (after all additions are completed) at 1 hour and then gradually 
increased until the "content uniformity" is within limits (if required time 
is needed), ,

The "Vibrator"on the "Bulk Storage" tank does net normally require 
to be in operation at all times, only when the meal becomes compacted from 
standing or is wet.

One little item that is very important is that the meal should be 
checked at least once a week, very carefully, in respect to Vermin and 
infestation of worms or weevils. In Canada, nitrogen gas (or some inert 
gas) forced through the meal from the bottom of the tank has beer, used for 
a period of 1 hour in every 24 hours.
Note

The machine must be kept in operation while bagging or transferring 
to Bulk containers.

Peed Additives Process Bcuipment - Design 

Meal or Carrier Storage.

The tank would be of a sufficient size to store at least 35 - 5^ 
metric tons. It should be constructed of mild steel that has been coated 
with an inert rust inhibitor or of Stainless Steel, The tank should be 
housed under some form of heat deflector or roof that would at least protect 
the material from excessive heat. It is suggested that some form of air- 
pump bo incorporated into the lower part of the tank to force nitrogen gas 
through the bran or meal at least for 1 hour ir.every 24 hours. This procedure 
will at least reduce the problem of vermin and worms.
Drying Oven (for the meal)

This cai be either natural gas or Electric fired to control the amount 
of heat applied. The auger can be speeded up or slowed and/or the neat may

be adjusted, this gives double control that does facilitate speed and heat 
adjustment.
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L. Production cf a weed killer

p i a d? s e e to:: a:ti> u e e c r i p t i o u o f u e i t o t o p r o d u c e a u e z d p̂ r̂rr-rr1??

PRODUCT PZIUG SOLVTrr XZ A BASE 
Belting Oven"

They are approximately 43' in length and 8 ’ wide internal 
measurement s.

The walls are constructed of stressed galvanized metal approx. 2" 
thick with fiber glass insulation packed in the air space.

The ceiling is of the same design as the walls with a 5"-8" layer 
of loose insulation on the outside of the ceiling.

The floor is of reinforced cement with floor level rollers (for 
instance sections of a conveyer system) this is to facilitate the movement 
of the cold and hot containers of activity).

Pumns

They are cf approx. 50 G.P.M. (V.S.) and of a gear design, required 
motor (Electric) is 5 H.P. usually mounted as a direct drive unit.

Hake-ur Tanks lumbers 1 and 2

They are of a mild steel construction - Arc. Welded. These two 
tanks are a "baffle design" with a top entry (at least) 25 H.P. 
turbine mixer. The bottom of the tanks are a "dish Pan" design.

Please Note: One should use the turbine design to facilitate assured
dispersion of the activity.

Filter Press

This is of stainless steel construction of a total approx, capacity 
of 100 litres. The internal construction is of 3-4 vertical plates with 
"stretched 50 micron S.S. wire" filtering area. These places are supported 
in a vertical position. When the Press is started an initial amount of 
inert filter-aid is added to approx. 50 !• of the material to be filtered. 
This mixture is recirculated through the press until clear or until the 
plates are covered. At this point the appropriate valves are opened and 
normal filtration is commenced. The press would normally operate at approx.
70-75 P.S.I.
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3cale and Sca le Tank:
The scales are of a "Commercial Load" design and of a capacity of 

250,000 lbs. gross wt. the supports of the scale are bedded in a rein
forced cement pad approx. 12" thick. The scale has a remote reading 
(indicator). The tank is of mild steel construction horizontally 
mounted, with a 25 H.P. Top-side entry mixer.

Store.-?- Tanks

They are of a mild steel arc-welded construction, size would depend 
on the volume of the lot size. One would require at least two of these 
tanks.

Please Note:

The style or design of press that is suggested, may be used that is 
with the "S" steel wire mesh screen. This will enable one to purchase a 
m e s s  with a "reverse" flow facility incorporated. This then will allow 
one to "back-wash" to clean the press rather than pulling it down to clean 
for every lot. This facility will certainly pay for itself in a short 
period of time.

Note:

The normal assays and tests on this form or design of product are 
the following:-

Activity Content + 1 1$ .

Clarity ■ ---------------  Water clear

Eaulsion ■' ■- 1 should form a suitable
emulsion when combined with 
water to facilitate spraying.

т
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Ẑ D ?3^r?7P~” ??.OC2o5 U5~:s LI.TJID (::slti::3) ACTIVITY

Assuming that a solid form of Activity .th<*t requires either melting 
or breaking into small pieces is used.

The melting will normally require about 42 hours at a temperature of 
not more than 115°C.

The melted activity is then pumped into number 1 and number 2 tank 
(if the lot size requires the use of both tanks) which had previously 
been approximately z filled with Solvent or sufficient solvent to cover 
the mixer blades. The mixer should be in operation before the addition 
of the Activity is commenced.

When the pumping of the Activity is completed, mixing should 
continue for about 45 minutes to assure complete dispersion.

After dispersion is complete appropriate valves are opened to pump 
the solution of Activity and Solvent through the 50 micron filter press 
at about 70-75 ?»S.I. (Note: material to be recycled through the filter 
press until completely clear, by opening recycling valve sufficient to 
retain pressure but allow material to return through press. Some form 
of inert "filter aid" will be required to cover the filter plates to 
ensure a clear product) into the tank moulted on the scales or ''-lake-up 
tank) which had previously been filled with Solvent sufficiently to cover 
the blades of the agitator. Once again as stated above, the agitator 
should he in operation before the addition of the filtered solution is 
commenced. When filtering is completed the following is started.

Add to Tank No.2 (or ITo.1) sufficient Solvent to cover the agitator 
blades, add the required amount of "Saponification Chemical" to the 
Solvent (with the agitator in operation). Dispersion should be attained 
in about 15 minutes. After addition is completed, when material is 
approved the appropriate valves are opened and the solution is pumped 
through an 80 mesh in-line screen to the Make-up (Scale) tank. When 
addition is complete all mixing is stopped and then the valves involved 
ue opened and the batch is Q.S. to required weight with the Solvent.
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After the lot is at the required weight, mixing is resumed and continued 
for about 2 hours.

Samples and required tests and assays are performed.
Note;

If Liquid Activity is used, one would not require the Ovens for 
melting (that is quite obvious), mixing could also be reduced. The ratio 
of weight per litre may require adjustment. Filtering may not require a 
50 micron plate which would also reduce th? cost.

Pxease note, paper or clcth filter pads are not a satisfactory unit 
to use when filtering a solvent based product, most of these pads (paper 
cloth) appear to disintegrate after a short time.
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XII. PHARMACEUTICAL FORMULATIONS 
A. Summary

An assessment has been made of the present status of pharmaceutical 
formulation plants and pharmaceutical storage facilities in Egypt, Iraq,
Kuwait and the Sudan and recommendations are given for improved quality 
assurance and production capacity. The existing pharmaceutical 
formulation plantB in the Arab countries produce only 50$ of the Arac countries' 
pharmaceutical needs. The forecast based on current annual production 
dollar volume indicates that approximately 35 formulation plants capable 
of an annual production of U5S35 million should be built to provide 
approximately 44$ of the Arab countries' pharmaceutical needs by 1985. In 
view of this, it is recommended that ACDUiA. may take the following 
measures:-

a) Create a master marketing plan and select the dosage form mix 
that would be produced under the ACDB1A label.

b) Create joint ventures with Arab ¿nd non-Arab countries.
c) Establish formulation plant profiles and construction projections.
d) Plan the location of formulation plants in the Arab countries.
e) Establish standards of good manufacturing practices for its 

manufacturing plants.
t ) Advise on the feasibility of regional bulk buying where applicable.
g) Establish a comprehensive integrated training programme for its 

initial and future plant personnel. These are broadly classified 
for implementation on a short tezm and long term basis as follows:

Present
(i) ACDIMA. should establish contact with existing pharmaceutical

industry to initiate the formulation and production of a limited 
group of products under ACDIMA*s label and according to ACDIMA's 
GHP.



This will result in increased and efficient utilization of 
existing plants and equipment, introduction of ACDIHA's name 
and products to the Arab x^i-kec and ¿e-*ing an example 
for improved G.M.P. and other capabilities in these companies.

(ii) Include a high priority programmed co-operation with the 
existing pharmaceutical (private and public sectors) 
manufacturers to utilize to the maximum the capabilities and 
capacities of the existing plants.

(iii) A CD IMA should undertake a long term (five year and ten year) 
projections to establish market trends and the fulfilment of 
health needs of the Arab rournries.

(iv) Introduce formal training programme in processing and packaging 
operations to maximize efficiency of labour personnel.

(v) All plants should study the feasibility of implementing two shifts 
in all formulation plants. This will result in an increase of 
approximately 30/6 over and above present production.

Future
(i) Set up a feasibility study for establishing one or more soft 

gelatin manufacturing plants.
(ii) Develop at once a formulation plant devoted solely to the 

manufacture LVP’s, SVP*s and other sterile products (with the 
exception of biologicals). It is strongly recommended that the 
formulation plants should not include a parenteral operation in 
conjunction with tablets, liquids, ointments, etc. Such a 
plant will entail an investment of US$6.4 million and have an 
annual turn over of US$15.0 million.

(iii) Set up a totally integrated hard gelatin and powdered capsule 
operation (i.e. the manufacture of both the empty shells and 
filled capsules).



This plant will involve an investment of US$7.0 million.
(iv) Establish model formulation plants which do not contain 

parenteral, capsule (Hard and soft), powders and granules 
operation. Tablets, liquids, ointments and creams and 
suppositories will be manufactured in this unit. A. typical 
plant will entail an investment of US$4.8 million.

(v) Set up animal feed and veterinary premixes plants and veterinary 
pharmaceuticals formulation plants. The basic plant layouts and 
cost projections used in the human manufacturing (without 
parenterals) operations are applicable in these cases too.

(vi) Establish facilities for packaging and labelling from bulk 
finished product where it would not be feasible to construct a 
formulation plant due to small population, lack of technology, 
difficulty of accessibility, etc.

(vii) The location of new plants should be complementary to improving 
existing plants and recommendations are made on suitable locations.
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3. Currant assesment of ~he 3~atj.3 of gharmaceugiral icmniuagion 
giant a r̂ri ghamaceugical storage facilities in seme Ira's 
Countries (Saynt, Iracr, Kuwait and Sudan), and rscocnen- 

iations for improved quality assurance and tre
luct i3n capacity

To determine the assessment the following companies were visited:

The El-Nasr Pharmaceutical Chemicals Co.,
Abuzaabal, Cairo, Egypt.

The Chemical Industries Development (C.I.D.j Co.,
Main Plant: Talbia, Giza, Egypt.
Branch Plant: Assuit, Egypt.

The Nile Co.,
Cairo, Egypt.

The Alexandria Drug Co.,
Alexandria, Egypt.

The Kahira Co.,
Cairo, Egypt.

The State Company for Drug Industries,
SamarTa, Iraq.

The Kuwait Pharmaceutical Plant of the Ministry of Health, 
Kuwait City, Kuwait.

The Sudanese Chemical Industries,
Khartoum, the Sudan.



A ssessm ent and Recommendations in  L ight o f  In te r n a tio n a l
Standards o f  Good M anufacturing P r a c t ic e s  (GMP1s)________

For the purpose of a comprehensive review of current operations and 
consequent recommendations, comments will be made under the follow! 
headings:

1.1.1 Personnel.
1.1.2 Premises and Equipment.
1.1.3 Sanitation.
1.1.4 Raw Material and Packaging Material Tests.
1.1.5 In Process Manufacturing and Quality Checks.
1.1.6 Finished Product Tests.
1.1.7 Quality Control Department.
1.1.8 Stability Testing.
1.1.9 Recall System.
1.1.10 Product Information Records.
1.1.11 Self Inspection Programmes.
1.1.12 Records and Samples.
1.1.13 Parenteral Operations.
1.1.14 Importation of Finished Dosage Forms, Raw Materials and 

Pharmaceutical Machinery.
General.1.1.14



Summary o f  F in d in gs (F) and Recommendations (R) on
M anufacturing P r a c t ic e s _______________________________

1.1.1 Personnel

(F) There was lack of management skills and lack 
of staff in disciplines other than in pharmacy.

(R) Short and long term management training 
programmes at all levels of management and 
supervision should be instituted.

1.1.2 Premises and Equipment

(F) Equipment and premises were poorly maintained.

(R) All premises and equipment should be routinely 
cleaned ^fter each operation. Physical premises 
and equipment should be improved to ensure 
controlled environments to permit maintei ance 
of GMP.

1.1.3 Sanitation

(F) - Unsanitary habits of employees.
- Improper outer garments of employees.
- Unsatisfactory housekeeping.
- Lack of monitoring systems of employees' health.

(R) - Formal instruction for employees regarding 
personal sanitary habits.

- Formal instruction in good housekeeping practices.
- Initial check on employees' health on first 

employment and periodically during ougoing 
service with the organization.

1.1.4 Raw Material and Packaging Material Tests

(F) Tests were not of the latest compendial 
standards and were often incomplete.

(R) Test procedures should be periodically revised 
to update methodology and modus operandi.

1.1.5 In-Process Manufacturing and Quality Checks

(F) Processing information was incompletely written.
Too many procedures were left to the discretion 
of the employee.

In-process quality control checks were insuffi
cient.



(R) Recording of a.i.1 processing procedures in 
writing.
The inclusion of all pertinent data as part of 
the master manufacturing, packaging and 
testing records.
The reproduction of the data listed above for 
each production work order so that they are 
available during the batch production as 
visible instructions to the employees .

1.1.6 Finished Product Tests

(F) Outdated test procedures.
No random sampling of finished products for 
testing.
No testing for identification of final packaged 
dosage forms.
Bench personnel in the laboratories could 
change tests without prior approval of management.

(R) Update test procedures.
Formalize testing procedures.

1.1.7 Quality Control Department

(F) Equipment not properly used.
No written record of complaints by the health 
professionals or record of investigation of 
com7 laints and the corrective action taken. 
Personnel did not appear to understand the true 
function of the quality control department.

(R) Comprehensive, indepth course of instruction on 
utilization of equipment and demands required 
of quality control personnel.

1.1.8 Stability Testing

(F) Incomplete stability testi-.g.
No renewed stability testing if one of the 
ingredients or type of packaging changed.
No identificaiton of degradation by-products 
attempted.

(R) A formal stability programme should be insti
tuted in all companies.
Stability testing in high temperature, high 
humidity environments should be mandatory on 
every type of packaged pharmaceutical product.

1.1.9 Recall System

(F) No formalized system of recall.
No management committee to review problems or 
institute recalls existed in any of the 
companies visited.
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(R) Establish the means to institute recalls.
Create a recall committee in each plant.

1.1.10 Product Information Records

(F) Very little information readily available in 
the companies relative to contraindications.
Some therapeutic claims made by some companies 
for their products highly improbable.

(R) Preparation of complete product monographs, 
for example see appendix I.

1.1.11 Self Inspection Programmes

(F) No self inspection programmes exist currently 
in the companies visited.

(R) Establishment of a self inspection team and 
programme in each company.
Institution of periodic intracorporate inspections. 
Creation of a Pan-Arab inspection committee to 
create a common standard of inspection.

1.1.12 Records and Samples

(F) Not every company maintained samples of every 
lot of product for a significant period of time. 
Samples were kept under unsatisfactory condi
tions (e.g. No environmental controls of air in 
sample rooms; samples of every final packaged 
dosage form were not maintained.)
Records did not contain all the information 
necessary for each lot of product, e.g. quantity 
of yield, number of labels used.
In view of the fact that many of the records 
were in Arabic a true assessment of the records 
was not possible.

(R) Samples should be maintained in a uniform environ
ment so that a long term assessment of each lot 
of product can be made under standard conditions. 
Uniform methodology for the maintenance of 
records for each type of dosage form should be 
established.
Assessment by an expert whc is completely 
familiar with the Arabic language should be made.

1.1.13 Parenteral Operations

CF) Uniformly bad; for details see 2.1.1.2.

(R) The recommendations were so extensive that 
they have been incorporated as a "Guide for 
Parenteral Drugs Manufacturing and Personnel 
Training" in appendix II.
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1.1.14 Importation of Finished Dosage Forms, Raw Materials
and Pharmaceutical Machinery

(F) Storage in public sector facilities were in 
general very poor from the points of view of 
controlled environments, overcrowding, careless 
handling resulting in excessive damage to 
packaging and exposure to the elements.
Lack of expiration dates on pharmaceutical 
materials.
Uneconomical purchasing.

(R) Ensure that analytical documentation and 
correctly dated products are imported.
Proof of product stability should be supplied 
by all foreign principals.
Storage facilities should be expanded and 
modified to provide adequate environmentally 
controlled and spacious facilities.
More economical unit purchasing.
The packaging specifications required should 
be an important part of all purchase specifica
tions supplied by Arab pharmaceutical companies 
to their suppliers.

1.1.15 General

(F) Of the utmost concern were the many unsatis
factory conditions present in prrenteral 
manufacturing facilities in particular and 
other manufacturing facilities in general.

(R) Firstly the utmost priority should be given 
to upgrading facilities of this type. As a 
matter of fact this should be a separate Pan 
Arab project distinct from any ACDIMA or other 
pharmaceutical manufacturing activity.
Secondly every effort should be made to change 
the attitudes of management and labour towards 
improving operational quality and maintenance 
procedures before embarking on large scale 
capital expansion programmes.
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1.2 Detailed Findings on Manufacturing Practices

1.2.1 Personnel

All of the experts were very impressed with the 
excellent academic qualifications at all levels 
of management and the professional staff. 
Technically, all the professionals exhibited 
considerable theoretical scientific knowledge.
We appreciated the extraordinary effort that it 
must have taken to create, with the minimum of 
extra-territorial technical assistance, the health 
disciplines in Egypt and to establish and expand 
the pharmaceutical industry to its present state.
It was assessed, however, that the professional 
ex' ertise could be improved by increasing the 
number of professionals in other scientific 
disciplines. For example, in many of the large 
pharmaceutical companies in Egypt the ratio of 
engineers, biochemists, microbiologists and 
chemists to the total number of employees were 
unacceptable. There appeared to be a preponderance 
of pharmacists.

It appeared also that the professional managers 
and supervisors were given very little formal 
training in the science of management. Senior 
management seemed incapable of, or unwilling to 
to delegate responsibilities and decision making 
authority to lower echelons of management.

1.2.2 Premises and Equipment

The equipment observed in the pharmaceutical manu
facturing, testing and packaging areas of the 
companies visited were of the highest standard.
Very significant capital dollars had been expended 
on ultra modern tabletting, liquid filling, small . 
volume parenteral (SVP), large volume parenteral 
(LVP), ointment processing and encapsulating 
machinery, and laboratories.

There is obviously a desire on the part of the 
pharmaceutical industry in the Arab states to 
invest in, procure and operate the most sophisti
cated pharmaceutical manufacturing and testing 
systems available. The problem appears to be, 
however, the utilization of the equipment for maxi
mum productivity and the effective maintenance and 
management of this equipment. For example it was 
difficult to comprehend how highly sensitive 
electronic quality control laboratory testing 
equipment could operate at optimum efficiency in a 
totally uncontrolled environment where temperatures



exceeding 35° Centigrade and excessive levels of 
humidity are relatively common factors. Supporting 
materials for the use of these highly sophisticated 
equipment seemed to be unavailable: for example, 
international reference standards and periodically 
standardized reference test solutions.

In all of the public sector companies the quality 
of the physical plant and the maintenance of 
equipment were well below international standards.

Ceilings, floors and walls were not constructed, 
finished or maintained in such a way as to prevent 
the introduction of extraneous matter into the 
drug products manufactured.

Windows in various manufacturing areas were left 
open to the outside environment permitting the 
entry of sand, dust, flies, etc. into the processing 
areas; these unsatisfactory conditions could result 
in the contamination of the products manufactured 
therein.

Walls were crumbling in some manufacturing areas, 
resulting in the presence of fine particles of 
cement scattering throughout the area.

Doors a.id windows were left open between working 
areas in all of the plants, so that finely powdered 
material could migrate throughout the plant. This 
problem could lead to the potentially hazardous 
situation whereby the manufacturing of antibiotics 
(e.g. penicillin), steroids (oral contraceptives) 
in one part of the plant could cause contamination 
of other drug products manufactured in the same 
general area. Especially where penicillin is 
concerned there are well documented case histories 
of often fatal anaphylactoid reactions upon the 
administration of penicillin or penicillin contami
nated products.

Spilled raw materials in working areas were not 
cleaned up immediately. As a result the material 
was "tracked" to other parts of the plant on the 
soles of the workers' shoes.

Machines (especially tabletting, encapsulating, 
coating, powder blending and filling, and liquid 
blending equipment) were not isolated from each 
other by enclosures in separate cubicles. As a 
result possible cross-contamination of drug 
products could take place.
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Overhead nines and other service eauitment were nor* *  % L -

concealed. Dust and raw material residues collected 
on them and could easily fall into the hoppers of 
equipment operating below.

Toilet facilities were inadequate. In many instances 
toilet tissue, liquid soap dispensers and disposable 
paper towels were not available. These conditions 
do not promote acceptable personal hygiene habits 
among production workers.

Many plants had open drains in the processing areas. 
These drains had "dead spots", i.e. areas where the 
flow of water-borne material to the sewers had 
deposited refuse. These dead spots are ideal 
breeding places for vermin and bacteria.

Equipment did not seem to be completely dismantled 
and steam cleaned or washed with detergents after 
each lot of product was manufactured. This comment 
is evidenced by the observation of powders and 
granulations and residues of different colours on 
the same tablet or liquid filling machine.

On questioning management in most plants there 
appears to be no routine scheduling of periodic 
maintenance checks of equipment to observe "wear 
and tear" changes in tolerances, conditions of 
punches and dies, accuracy of measuring devices, 
etc.

There appeared to be no written procedures for the 
routine cleaning of working areas. As a matter of 
fact, routine periodic cleaning of operational areas 
were absent in many plants. The evidence of thick 
dust on windows, badly stained floors, accumulation 
of considerable debris under filling tanks, table
tting machines and packaging materials attest to 
this statement.

Environmental controls were lacking in many critical 
processing areas. For example, the area where 
effervescent granules were made in some plants had 
no humidity control. Similarly areas used in the 
manufacture of capsules, acetylsalicylic acid and 
salicylamide tablets had no temperature and humidity 
controlled environments.

Equipment used in some processes had no temperature 
indicating devices, (e.g. there were no temperature 
indicating devices in the manufacture of ointments 
and no operational temperature and pressure recording 
equipment in the autoclaving equipment in the paren
teral drug manufacturing areas.of a number of companies 
visited).



2 2 ’  -

in general was below accepted international 
The many open windows and doors have been 
in the previous section.

Male workers in the manufacturing and maintenance 
areas wore generally soiled outer clothing which did 
nc_ appear to be changed frequently. Excluded from 
this statement are personnel working at "dirty” 
stations, e.g. colour coating of tablets.

Head coverings were absent in many instances. In 
the plants where they were a part of the personnel's 
attire they were improperly used. For example, the 
head covers used did not cover all of the hair.

It was noted that employees in many plants handled 
tablets, suppositories and other pharmaceutical 
dosage forms with bare hands. The hands of many 
women employees had flaking nail polish on their 
finger nails.

Comments on the parenteral operations will be made 
under Section 1.2.13.

In a number of manufacturing operations personnel 
were noted sweeping the floors in work areas 
during production operations.

There was no clear indication that the health of 
personnel employed in the pharmaceutical sector 
was closely screened on initial employment or at 
regular intervals during their service with the 
company.

It was observed that a number of employees had 
bandaged fingers, hands, ankles, toes, etc. 
Nevertheless these employees were in intimate contact 
with dosage forms.

It was not evident that routine observations of 
physical malaise among employees were made and that 
these employees were encouraged to seek special 
medical attention.

There was little evidence of a detailed formal 
programme for training of employees in the high 
standards of personal hygiene required in the 
pharmaceutical formulation industry.

a

1.2.3 Sanitation

Sanitation 
standards. 
alluded to
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1.2.4 Raw Material and Packaging Material Tests

In av^ry company visited raw materials were tested. 
However, it seemed that many tests were conducted 
against outdated standards (e.g. British Pharmaco
peia 1968 when the 1973 edition is the official 
compendium).

Concomitantly it appeared that the bench 
scientist or technologist could change the testing 
methodology at will from one compendium standard 
to another depending on the difficulty of the test 
methodology and the availability of reagents.

The identification of quarantined raw materials was 
unclear. There appeared to be no clearly defined 
procedures for identifying quarantined materials in 
holding areas.

Packaging materials seemed to be subjected to a 
minimum of tests. For example numerous statements 
were made relative to the finishing of the necks of 
locally produced glass bottles and the resulting 
poor closures. Also many comments were heard from 
Arab countries pharmaceutical nauageuent relative to 
the poor quality of packaging materials produced 
locally. Yet these materials were still being used.

1.2.S In Process Manufacturing and Quality Checks

Although all manufacturing instructions followed 
master formulations, apparently in only a few 
companies were these manufacturing instructions 
direct photocopies of the master.

The general rule appeared to be that the manufacturing 
instructions were copied by hand or by typewriter 
from the master formulation. There was no evidence 
that these transcriptions were reviewed and checked 
by scientifically qualified personnel who attested 
that they had performed these checks by adding their 
initials to the production order. In several 
instances overages in certain raw materials (e.g. 
antibiotics and vitamins) were added but there were 
no written statements on the master concerning the 
percentage overage.

There was no written indication on the batch sheets 
that suitably qualified persons weighed and checked 
all raw materials going into a batch of product.

Many important details were missing from master and 
production formulations. For example, agitation 
times and speeds for liquids; temperatures for 
heating ointments; compaction pressures for tablets;
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in process checks; etc.

Procedures for quarantining in process materials 
were not defined. There were a number of indications 
that materials were released for use although quality 
assurance parameters were not met.

There wer<- absolutely no indications that quality 
control limits of variability were established at 
appropriate stages in the processing. For example, 
there were no procedures to establish what steps 
should be taken by quality control if the yield of 
actual bulk product were outside the theoretical 
yield limits.

The initials of personnel performing each step in 
the process were not recorded on the production 
order to ensure that the worker had actually performed 
the operation.

It did not appear that measuring devices (weighing 
scales, liquid measuring containers, etc.) were 
periodically checked for accuracy.

It did not appear that packaging operations were 
performed following the issuing of individually 
numbered packaging orders.

All packaging operations did not appear to be 
performed according to comprehensive and detailed 
written operating procedures or specifications 
which should include the identification of the 
equipment used to package the drugs, the adequate 
separation of packaging lines packaging different 
drugs and disposal procedures for unused printed 
packaging materials.

The initials of personnel supervising the packaging 
operations and withdrawing the bulk drugs for 
packaging did not appear to be recorded on the 
packaging order.

1.2.6 Finished Product Tests

Although each finished product appeared to be 
tested against a specification, in many cases the 
specification was outdated. For example a number 
of companies were testing products against the 
U.S.P. XVIII and B.P. 68 monographs when the U.S.P. 
XIX and the B.P. 73 are the current pharmacopeial 
reference standards.

Furthermore, official compendia were not updated 
through receipt of official addenda and amendments.
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There appeared to be no statistically random 
sampling of final dosage forms for test purposes.

It was not very clear that packaged final dosage 
forms were tested for identity to ensure ‘hat the 
product packaged was indeed the same as the label.

In a number of companies it was evident that the 
head of the quality control department did not affix 
his signature to the final release of final dosage 
forms or tested raw materials.

In a number of instances it appeared that the 
individual quality control technologists in the 
laboratories could change the tests required within 
the specifications of a product to another test if 
for example materials for the test stated in the 
specification was not available without management approval.

1.2.7 Quality Control Department

All the companies in the public sector of the 
pharmaceutical industry had well established 
quality control departments, staffed by highly 
qualified personnel. Within the quality control 
departments were excellent laboratories containing 
the most sophisticated of modem equipment. As 
a matter of fact some of the equipment seen in the 
laboratories of the Egyptian public sector companies 
are now being introduced to North American pharma
ceutical companies.

However, in many instances the equipment did not 
appear to be in use or were under utilized. In 
some instances the support glassware for the 
equipment did not appear to be available.

Laboratory personnel were seen to be titrating 
volumetric solutions out of burettes which were 
hand held.

In some instances it did not appear that quality 
control personnel were responsible for reviewing 
all documentation including processing and packaging 
orders and ensuring that all specifications and 
limits had been met.

There appeared to be no formal written record of 
complaints received by companies concerning any 
faulty product that may have been detected on the 
market by physicians, hospital administrators, 
pharmacies, nurses, etc.

The quality control department did not appear to be 
responsible for the inspection and disposition of 
all returned drugs to ensure that no defective drugs 
were readmitted to warehouse stocks.



1.2.8 Stability Testing

All companies appeared to have some form of 
stability testing programmes. However products 
were not always tested for stability in the 
containers in which they will be marketed.

No stability testing appeared to be performed when 
a change in formulation took place, for example a 
change of excipient or filler. Similarly if the 
coating procedure of a tablet was changed no sta
bility tests appeared to be conducted on the new 
dosage form. It was apparent that many pharma
ceutical companies in the public sector were going 
to strip and aluminum foil packaging. There was 
no indication that products packaged in this way 
had been subjected to stability testing.

No attempt appeared to have been made to identify 
degradation by-products in current formulations.

1.2.9 Recall System

The manufacturers did not appear to have written 
procedures capable of immediate implementation for 
the complete and rapid recall of any lot of a drug 
from the market. These procedures should contain 
samples of form letters to be sent to the physicians, 
pharmacists, hospitals, etc.; samples of the type of 
envelope indicating the urgency of the recall; and 
the format of the committee of the company which 
would make the decision relative to the recall of 
that product.

1.2.10 Product Information Records

Although all companies had excellent information 
available on their premises and in their catalogues 
a significant quantity of vital information was 
lacking.

It appeared that most of the product information 
available was written to demonstrate the quality and 
efficacy of the various drug products. Very little 
information was available relative to contraindica
tions, adverse reactions, precautions, treatment of 
toxic effects or overdosage.

Some of the claims made on labels and in catalogues 
and promotional literature could not be supported by 
intematonally acceptable published scientific 
research.

Product monographs were not available for all 
dosage forms.
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1.2.11 Self Inspection Programmes

None of the companies which were visited seemed to 
have a self inspection programme to monitor their 
day to day operations or quality control programmes.

1.2.12 Records and Samples

Many companies did not appear to keep adequate 
numbers of samples to ensure that tests could be 
performed on these lots of products should a 
problem arise. In many instances the samples were 
retained in very poor environmental conditions 
which did not protect the quality of the samples. 
Those records that were maintained appeared to be 
in a very lucid form and were readily available 
for review.

1.2.13 Parenteral Operations

1.2.13.1 Terminally sterilized.
1.2.13.2 Aseptically filled.

It was noted that all the companies involved in 
the manufacutre of parenterals possessed the most 
modem equipment to produce the highest quality 
product.

However, of the most grave concern to the experts 
was the quality of the manufacturing and testing 
procedures.

1.2.13.1 Terminally sterilized products

In many instances the filling process and sealing 
or closure areas where this type of product was 
manufactured did not appear to be provided with a 
supply of sterile filtered air under positive 
pressure. The areas did not appear to be subjected 
to disinfectant sprays prior to operation or 
disinfectant wipe downs.

In general it was not evident that the sterilizing 
operations were routinely checked to ensure the 
effectiveness of the sterilizing process. Only one 
manufacturer indicated that they routinely ran normal 
filling operations using thioglycollate medium 
which was sterilized in the normal way and then in
cubated to test the efficacy of the sterilizing 
procedures.

Some companies did not commonly employ sterilizing 
indicators with each sterilizer load.
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Many cf the autoclaves and sterilizing equipment 
seen did not appear to have recording charts 
indicating temperature and pressure readings.
Where recording equipment was part of the apparatus, 
this equipment was non-functional in some instances.

There were no records to indicate that the time 
elapsed between the preparation of the distilled 
water or other solvent and the terminal sterilisation 
of the drug did not exceed 24 hours unless suitable 
precautions were taken to prevent bacterial growth.

Specific written instructions for the cleaning of 
the areas of terminal sterilization and equipment 
used therein; preparation of closures, containers;' 
manufacturing procedures for bulk materials; instruc
tion relative to the dress of personnel entering the 
parenteral area; environmental tests to be run 
during production; filling and packaging procedures; 
and special precautions did not appear to be available

There appeared to be no fixed procedures for the 
routine performance of bacterial counts on the air 
in the area used to manufacture and process terminally 
sterilized drugs.

1.2.13.2 Aseptically filled drugs

In general the premises in which these products 
were manufactured were unsatisfactory. Ceilings, 
walls and floors were not completely sealed so 
that they could be washed efficiently and effectively 
after each use. There was no indication that anti
septic sprays and wipe downs were used in these areas 
before a processing operation took place. Light 
fixtures in several instances protruded from the 
ceilings and could collect dust or extraneous matter.

We were unable to inspect at close quarters the air 
filtration systems in the aseptical filling operations 
However in a number of instances we were unable to 
detect the flow of positive pressure air away from 
these areas. We also noted floor drains and sinks 
in these areas where bacterial growth could take 
place thus contaminating a supposedly aseptic area.

In a number of plants ultraviolet light was used but 
there was no evidence that their emissions were 
checked routinely. These lamps are non-effective if 
the emission rate is below 70%.

It was noted that many companies had installed 
laminar flow equipment. However the periodic 
testing of the efficacy of the laminaT flow units 
left much to be desired. Too much emphasis and 
credence was placed on the claims of the laminar 
flow manufacturer's literature.
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Many of the personnel working in the aseptic 
filling areas were improperly dressed.

Head coverings were out of place permitting the 
exposure of much hair.

Although hands were gloved, sleeves were rolled up 
permitting the exposure of the forearms in many 
places.

Many employees were seen to be improperly clad 
around the feet.

A number of employees were found without face 
masks.

There was no evidence that employees working in 
the parenteral areas were subjected to periodic 
medical checks.

In some companies the aseptic processing area 
was not checked routinely for the quality of 
air by performing bacterial air counts. As a 
matter of fact these counts should be performed 
in the sterile area at least once during each 
day when processing or filling operations are 
carried out.

There appeared to be no routine monitoring of 
maintenance of sterility in the aseptic filling 
operation by carrying out normal sterile thio- 
glycollate or other microbiological media fills 
with their subsequent incubation.

There was no routine calibration of the temperature 
recording equipment used on the animals involved in 
pyrogen testing.

1.2.14 Importation of Finished Dosage Forms, Raw Materials 
and Pharmaceutical Machinery_______________________

The control of these two classes of commodities are 
in the hands of two public sector agencies.

In general every attempt is made to acquire 
finished products and raw materials from reputable 
international sources. However, the storage and 
general handling of the merchandise after receipt 
on the premises were totally unacceptable.

1.2.14.1 Finished Dosage Forms

These were stored in buildings without environmental 
controls. Doors and windows were open and the bottles 
were covered by a thin layer of dust.



Where expiration dates were seen on labels, a 
number of products were observed with marginal 
expiration dates, i.e. the date of expiration on 
the label was within 2 to 3 months of the day of the 
visit. Many products with known stability problems: 
antibiotics, vitamins, products containing acetyl- 
salicylic acid and salicylamide did not have 
expiration dates on the labels or dates of manufacture.

Many products were packaged in clear glass instead 
of light resistant amber glass.

Many tinctures, liquid extracts, disinfectants, 
surgical soaps, etc. were imported by the hundreds 
in uneconomically small bottles of 100 ml to 500 ml. 
Low cost items, e.g. Epsom salts, were imported ir. 
final packaged dosage forms in one half or one kilo 
tins, the most uneconomical forms of purchasing.

We were unable to ascertain if the manufacturer's 
certificates of analysis accompanied each lot of 
product.

1.2.14.2 Raw Materials

Raw materials imported to the Arab countries ¿re not 
generally packaged for high temperature and high 
humidity areas.

They were left exposed to high temperatures and 
humidities in warehouses with uncontrolled environ
ments .

Several bags of raw material were seen lying on 
platforms and trucks outside of the warehouse for 
what was obviously a long time evidenced oy dust 
and holes in the containers made by vermin and 
careless handling.

1.2.14.3 Pharmaceutical Machinery

Machinery was seen lying around in the open in the 
most shocking state of neglect. Half broken crates 
exposed delicate equipment to the elements and the 
hostile environment of dust, sand and bird 
droppings. It was obvious that many pieces of 
equipment had been lying around in these conditions 
for a very long time. An outstanding example was 
the radioactive cobalt purchased from Atomic 
Energy of Canada which already has been lying at 
the site of the radiation sterilization plant for 
one year and will not be installed for perhaps 
another year. In view of the cost and half-life of 
this material a significant capital loss has 
already accrued to this project.



2 5 0 -

As a matter of fact many foreign and Egyptian 
companies were bitter in their comments relative to 
the processing and release of raw materials and 
machinery. After unloading at the port of entry and 
before arrival at the plant's destination, it was 
considered that too much time had elapsed for the 
processing and too much damage had been done to the 
material in the above mentioned interim.

1.2.15 General

In general the unsatisfactory state of the pharma
ceutical manufacturing plants in the Arab countries 
may be attributed to the attitudes of personnel to 
management and maintenance.

. It was quite clear to the experts in their visits 
that every product manufactured in the public sector 
plants was easily marketed because of the demands of 
the market place. Because of this factor the senior 
management did not appear to think it was necessary 
to implement changes that would upgrade their 
operations to bring them more in line with inter
nationally accepted standards.

From the point of view of maintenance it seemed 
that funds were readily available for the purchase 
of capital equipment and therefore the maintenance 
of existing equipment did not seem to enjoy a high 
priority. In addition the workers did not seem to 
appreciate that the lack of maintenance decreases 
the efficiency of equipment use resulting in lower 
production volumes.
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.3 Short and Long Term Recommendations for Upgrading Current 

Manufacturing Practices___________________________________

1.3.1 Personnel

Short Term Recommendations

Senior management should be encouraged to travel 
abroad as soon as possible to visit their multi
national principals' plants which must perform 
according to international GMP. Furthermore they 
should be encouraged to spend significant periods 
of time working in several branches of their 
multinational principals to acquaint themselves 
with the latest developments in quality management.

Management should also be subscribing to various 
publications on good manufacturing practices such 
as the Gold and Green Sheets of the U.S. Food and 
Drug Administration (FDA), the Federal Register 
of the U.S., the many publications of the govern
ments of Canada, the United Kingdom, Federal Republic 
of Germany and Sweden, to acquaint themselves with, 
the changes in quality assurance management procedures.
Senior management of all of the public sector 
companies should immediately organize local 
seminars for senior and middle management to 
exchange ideas as to how best GMP can be upgraded 
on a short term basis. Experts in quality assurance 
from industries and governments outside of the Arab 
countries should be invited to act as advisors and 
lecturers at these seminars.

Long Term Recommendations

Senior management in collaboration with senior 
officials from the Ministry of Health and the 
faculties of pharmacy and other pharmacological 
sciences should convene a committee to create a 
programme in quality assessment or quality control 
management and quality control principles which 
would be built into the curricula of the relevant 
university faculties.

Senior government and industrial quality assurance 
personnel should design inplant quality control 
and quality assurance programmes for the initial 
training of all personnel as well as the ongoing 
indoctrination and upgrading of the knowledge of 
good manufacturing practices.
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In general one cannot over-emphasize the crucial 
necessity to change the attitudes of senior 
management in particular and the attitutdes of all 
other employees in general as they relate to estab
lishing good pharmaceutical manufacturing practices 
in the Arab countries. On a short tern oasis because -f 
the vast demand for medicines in the Middle East, 
the existing companies in the Arab countries have nc 
difficulty narketing their products irrespective of 
quality. However from a long term point of view 
as the Arab consumer and health discipline practi
tioners become more and more sophisticated they will 
demand products that meet the higher standards cf 
internationally acceptable good manufacturing 
practices. Unless the present companies start 
taking steps to upgrade their operations immediately 
they may find that within 5 to 10 years they no 
longer are respected in the market place and as a 
result may find themselves in serious economic 
difficulties because of unmarketable products.

.2 Premises and Equipment

Short Term Recommendations

Implement at once an indepth comprehensive house
cleaning programme based on detailed written instruc
tions.

Wherever possible and taking into consideration the 
intense heat, insist that all windows and doors to 
working areas be kept closed.

Manufacturing areas which can be effectively closed 
off from the rest of the plant should be so structurally 
modified so as to permit a complete environmental 
control system to be put in to regulate temperatures 
and humidities in those areas.

All processing equipment which may create problems 
of contamination of other drug products should be 
immediately enclosed in their own cubicles and the 
necessary environmental control equipment installed. 
Examples of these types of equipment are tabletting 
equipment, encapsulating equipment, powder filling 
equipment, granulating equipment, certain large 
liquid manufacturing equipment, etc.

Detailed maintenance programmes should be created at 
once which would permit the present equipment to be 
dismantled after every production run for thorough 
cleaning and maintenance check. These cleaning and 
maintenance instructions should be recorded in 
operational manuals which should always be available 
in the particular work areas or at specific work sites.



Ail work are?? should be maintained in an orderly 
fashion. Raw and packaging materials should be 
neatly stacked; finished goods should be dusted 
periodically and a system of rotation be designed 
to ensure that the oldest lots of product go out 
to the market place before the newer batches of 
products.

Long Term Recommendations

Immediately cease the building of multi-storied 
structures in the heart of densely populated 
centres where environmental pollution is a serious 
impediment to GMP, and transportation of goods is 
extremely difficult.

Establish plant and safety engineering sections in 
all pharmaceutical plants to improve the quality of 
operations and to ensure the safety of the workers.
It was remarkable to note that in many potentially 
hazardous processes that the employees wore neither 
safety helmets, shoes, goggles or gloves. It was 
also noted that many pieces of equipment were operated 
without necessary safety devices.

It is suggested that some of the earnings of 
companies in the public pharmaceutical sector be 
used to bring the present operating plants up to 
an acceptable standard of GMP rather than remitting 
these tunds into the public treasury.

All future plants should be designed from the very 
beginning to meet the highest levels of good manu
facturing practices. If the Arab countries wish to 
produce pharmeceutical products which conform with 
the highest internationally accepted standards of 
GMP, then the Arab pharmaceutical companies must 
implement in-plant conditions which will bear the 
scrutiny of the international market place and 
foreign regulatory agencies.

1.3.3 Sanitation

Short Term Recommendations -

Immediately start seminars to teach the employees 
the high standards of personal hygiene and plant 
sanitation necessary in a responsible pharmaceutical 
entity.

In all washrooms install liquid soap dispensers and 
disposable paper tissue containers. Institute an 
intensive programme to remove all insects, vermin 
and debris from the plant.



Create precise detailed clean-up procedures for 
work areas including walls, floors and sinks.
These procedures should include the type of 
disinfectant to be used, the concentration and 
how often the disinfectants are to be applied.

All eating should be confined to a specific section 
of the plant. It was noted that several employees 
in many plants were eating on the job and scraps of 
food which were obviously the remains of past meals 
were strewn around the work areas.

In view of the environmental conditions in the 
Arab countries it should be company policy cc 
clean outer working garments every day. Head covers 
should be mandatory in all manufacturing areas.

Workers with obvious signs of physical malaise such 
as bandaged hands, feet and other types of surgical 
dressings should be checked by their supervisors 
to see whether the illness of the workers could 
affect the quality of the product.

If a worker returns after a long illness management 
should review his medical history to ensure that 
he is clearly well and that his presence in the 
plant will not affect the quality of the products.

A pre-employment medical examination should be a 
prerequisite for hiring an employee.

Periodic health examinations of all employees 
especially those working in a sensitive operation 
such as parenteral durg manufacturing should be 
standard practice in pharmaceutical companies in the 
Arab countries.
Long Term Recommendations

The creation of audiovisual techniques such as slides, 
film shows in sanitary techniques should be created 
so that they can be used as teaching tools to all 
personnel levels in the pharmaceutical industry.

Multinationals which have licensed companies in the 
Arab countries to produce their products should be 
encouraged to advise and assist Arab counterparts 
in matters pertaining to sanitary practices.

All pharmaceutical companies should subscribe to 
journals on sanitation and sanitary engineering to 
assist them to keep current with changing technology 
in this field.

A department of sanitary engineering should be 
incorporated into the building and staffing of plants 
or planned expansions.
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1.3.4 Raw Material and Packaging .Material Tests

Short Term Recommendations - 
*Wherever international compendial standards are 

used the specifications for these materials should 
be updated to the current issue.

It should be forbidden for bench chemists to change 
any of the tests without the approval of senior quali
ty control management.

Simple packaging material specifications and tests 
should be created at once.

The results of the tests on every batch of raw 
materials and packaging materials should be recorded 
on individual certificates of analysis.

Every batch of raw and packaging material should be 
assigned a receiving number on receipt at the plant. 
This receiving number should be entered on all docu
ments pertaining to these materials.

Long Term Recommendations -

Since raw and packaging materials are stored under 
rather unfavourable conditions relative to tempera
ture and humidity, stability testing should be 
performed on these materials to see if there is any 
adverse effect on the materials due to the improper 
storage.

Detailed specifications for every raw and packaging 
material should be created including caps, bottle, 
cartons, etc. and every lot of these materials 
received should be tested against the given specifi
cations .

1.3.5 In Process Manufacturing and Quality Checks 

Short Term Recommendations -

Starting immediately all master formulation docu
ments from which manufacturing and packaging work 
orders are reproduced should be rewritten as they 
are withdrawn from the company's records to ini
tiate production. To take a hypothetical example: 
If a company's inventory records indicate that the 
stock of tubes of Hydrocortisone Cream 0.5% with 
Neomycin is at its minimum level, instructions will 
go to the production department to initiate manu
facturing of a new batch of this product. The



responsible person will extract the master formula 
and check it to see if it has all manufacturing 
detail which would enable any reasonably trained 
person familiar with the equipment but who has 
never previously manufactured this product to 
produce a new batch without depending on the memory 
or guidance of a second or third party.

If the existing master formulation cannot meet the 
above criterion then the master formula should be 
rewritten in a form similar to the formulae shown
in appendix III to provide this indorsation 
which should include:

- The names of the professional staff who will 
revise and check the old master.

- The date this revised formula was designed and 
the amendment number. (The first amendment would 
be No. 1; any future product changes which would 
result in changes to the master formula information 
would be called amendment No. 2 or No. 3, etc. and 
would necessitate the issuing of a newly typed 
master formulation embodying the approved changes.)

- The theoretical quantity of the batch size with 
the theoretical percentage deviation permitted 
when the actual yield produced was compared with 
the theoretical yield.

- The name of the person who will issue the produc
tion order based on this master formulation.

- The date that manufacture was started.

- The date manufacture ended.

- The name of the quality control person checking 
the cleanliness of the equipment before production 
is initiated.

- The name and standard quantity of each raw material 
used in the batch, with lot numbers.

- The initials of the person weighing each ingredient.

- The initials of the person checking the weight of 
each ingredient measured by the operator above.

- The initials of the person adding the measured 
raw material to the bulk mixing equipment.

- The initial of the person checking the addition 
of each quantum of ingredient to the bulk mixing 
equipment.
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personnel; storage conditions for raw and bulk 
materials, etc.

- Complete manufacturing instructions in detailed 
step by step processing procedures including 
equipment to be used, mixing time, drying or 
melting temperatures, etc.

- The initials of each operator performing each 
step of the process.

- The signature of a supervisor indicating that 
the processing operation was completed satis
factorily.

- The signature of the quality control person who 
has sampled the finished bulk product.

- The signature of the production person charged 
with ensuring that the equipment used in the 
manufacturing process was cleaned according to 
written instructions.

- The signature of the Q.C. person checking that
the equipment used has been cleaned satisfactorily.

- The signature of the Q.C. and production personnel 
releasing the bulk for packaging, with date shown.

The packaging section of the master formula which
when reproduced becomes the packaging OTdeT will
contain the information and specifications (please
see specimen packaging specification card in
appendix IV.

- Name of the product to be packaged.

- Date packaging started.

- The name of the supplier (the company which 
manufactured the bulk or supplying the bulk from 
outside the company).

- The container size, type and colour.

- The type of dessicator and filler.

- The type of cap and liner.

- The type of closure seals.

- Position of label (front/side/top of cap, etc.)

- Other packaging parameters outlined in example in
appendix IV.



The same modifications could be revised on a 
product/batch basis for:

- In process quality control specification and 
test specimen document - See appendix 7 .

- Raw material specification and test specimen 
document - See appendix 7 1 .

- Finished product specification and test speci
men document - See appendix 711.

- Finished product permanent specification 
document - See appendix Z.

- Label review specification - See appendix IX.
Please note that the simple photocopying of any of 
these master forms will give immediate working 
production or Q.C. documents on which the operators 
or laboratory staff can fill in findings or affix 
signatures to show that an activity is completed.
These prototype masters with few modifications will 
meet the basic documentation required in a pharma
ceutical operation.

Long Term Recommendations

Concomitantly with the activities advocated under 
short term recommendations the same review of docu
mentation should be initiated on all company 
processing documents for all products irrespective 
of whether these products would be manufactured one 
munth or one year into the future (because of existing 
warehouse inventories).

The review of this documentation should be closely 
integrated with other activities to upgrade GMP and 
checking systems in sanitation, maintenance of 
premises, equipment, product information, self 
inspection programmes, etc.

1.3.6 Finished Product Tests

Short Term Recommendations

The specifications against which all finished 
products are tested should be updated since in 
many instances products were being tested to old 
compendial standards.

Pharmaceutical companies should ensure that they 
have all supplements and addenda to the pharmaco- 
peial standards that they are using as references.

All companies should purchase immediately United 
States Pharmacopeia, British Pharmacopeia and 
European Pharmacopeia reference chemical standard

1
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là materials. that is. standard reference materials
against which laboratory personnel can compare 

^  their raw materials and finished products for
identity, potency and purity.% A
Each and all finished product tests for products 
listed in the compendia should be performed. It 
should not be left to the discretion of the bench 
chemists to eliminate some of the tests because 
these tests are not considered important.

All bench reagents including volumetric titrating 
solutions should be standardized periodically.

Long Term Recommendations

Pharmaceutical companies should subscribe to more 
pharmaceutical scientific journals so that they 
are aware of changing methodology in finished 
product testing. Many more contacts should be 
established with international organizations in the 
field of pharmaceutical testing such as the Food 
and Drug Administration of the United States, the 
Canadian Health and Welfare Department, the World 
Health Organization, etc. to update the operations' 
technology. Visits should be paid to these organi
zations by senior laboratory staff to interface and 
establish valuable means of communication.

1.3.7 Quality Control Department 

Short Term Recommendations

Declare a two year moratorium on the capital 
purchase of analytical laboratory equipment. Review 
present equipment and put them to work more effec
tively. It was the opinion of all the experts that 
equipment present in the pharmaceutical testing labs 
are very inefficiently used.

Since all pharmaceutical companies are in the 
public sector it should be possible to arrange that 
companies which may have tests to be performed but 
do not have the equipment can send the material to 
be tested to another company in the public sector 
which has that specific piece of equipment and ask 
that this test be performed.

Develop in-process manufacturing and packaging' 
quality control procedures. These would include 
physical and chemical checks at various appropriate 
steps in the process.
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Long Term Recommendations

Review and if necessary rewrite all manufacturing, 
packaging and testing procedures to ensure the 
maximum of GMP.

Arrange with other independent companies to test 
the quality of in house quality control department 
by sending out purposely incorrectly packaged 
product for testing to see whether the incorrect 
packaging will be detected.

Ensure by rotation of employees that all technical 
personnel are familiar with all equipment and every ' 
aspect of quality control in the plant. Utilize 
all equipment available and ensure that the proper 
materials, for example, glassware, colour indicators, 
etc. are available.

.3.8 Stability Testing

Short Term Recommendations

Ensure that all new products marketed from here on 
be subjected to accelerated stability testing under 
the following conditions:

- Temperatures: 5°C, 40°C, 50°C and 60°C.

- Humidity: between 50% and 90% relative humidity 
usually in increments of 20%.

- Light exposure: ultraviolet or direct sunlight.

Where stability testing indicates that there is a 
problem expiration dates should be assigned to the 
product and stated on the label.

Since the public sector pharmaceutical industry 
seems to be moving away from bottles to foil and 
aluminum strip packaging all products packaged in 
these fashions should be subjected to accelerated 
and ongoing stability studies.

Stability studies and tests should be sensitive 
enough to detect degradation by-products.

Long Term Recommendations

At least one lot of each product per year should be 
subjected to stability studies. This type of 
testing may indicate that the same raw materials 
received from different sources may not have the 
same stability qualities.
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1.3.9

1.3.10

1

If  it is anticipated that a production process will 
be changed in the future stability testing should 
be initiated as soon as possible to ensure the bona- 
ficity of the new process. For example, if the 
company is deciding to change the dosage form of a 
product from sugar coated tablets to a film coated 
tablet this change in procedure should be subjected 
to accelerated stability studies before full pro
duction is initiated, and the ongoing shelf life 
studies on the initial full production batches.

Recall System

Short Term Recommendations

A senior management committee chaired by the. manager 
of quality control should be created to study and 
set up procedures for recalling a defective lot of 
product from the market should the need apply.

Long Term Recommendations

Companies should review their record keeping systems 
and where necessary make changes to ensure that 
should it be necessary to recall a defective lot of 
product it will be possible to trace each unit of 
this lot of product either through its accounting or 
inventory systems to the level of the retail pharmacy 
or hospital dispensary or field clinic.

Product Information Records

Short Term Recommendations

All companies should create for each of their 
products a product information record or monograph 
which should be the sum total of the entire informa
tion relative to this product. The product informa
tion should contain the following:

- Name of product.
- Ingredient or ingredients and the standard to 
which they conform.

- Chemistry and pharmacology.
- Indications which should include any abstracts 
from pharmacological or medical publications.

- Contraindications.
- Toxic effects, adverse reactions and precautions.
- Treatment of toxic effects.
- Storage conditions.
- Units per packaged dosage form.
- Recommended dosages.

For a specimen of a product monograph please see
appendix I .
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To this product information should be added from 
time to time any complaints from the medical or 
pharmacy professions relative to the efficacy of or 
adverse reaction to the product.

Long Term Recommendations

The continuous updating of the product information 
record will be essential. Information for this 
updating will come fror" within the plant and from 
a review of technical and pharmacopeial literature.

1.3.11 Self Inspection Programmes 

Short Term Recommendations

Immediately in each plant a self inspection commi
ttee should be created with the head of quality 
control as the chairman. The committee should 
immediately begin the creation of a self inspection 
programme to be implemented in the company. The 
self inspection programme may follow the general 
headings outlined in this section of the report,

1.3.1 to .1.3.13, to ensure that all processing, 
packaging, quality control procedures and product 
specifications are routinely met in the company.

The committee should decide on the frequency of self 
inspections. It is our experience that twice a 
year is adequate.

Of considerable importance to the implementation of 
this programme is the fact that in subsequent 
inspections, great attention should be paid to see 
whether the faults found in previous inspections 
have been corrected.

Long Term Recommendations

Perhaps an inter-company self inspection procedure 
could be created to establish a common form of self 
insepction among existing companies in the Arab 
countries and in this way each company will assiLt the 
other to upgrade its GMP. This inter-company 
committee could also be reviewing good manufacturing 
practices around the world so •'■hat the process of 
upgrading is not only uniform but continuous.



1.3.12 Records and Samples

Short Tern Recommendations

Records should be kept in one central locality so 
that all the documentation pertaining to a certain 
batch of product is readily at hand.

Samples wherever possible should be kept in environ
mentally controlled locations so that the quality 
of the sample remains constant. A sufficient 
quantity of units of each lot of product should be 
maintained so that the entire tests required for 
that product can be repeated at least three times. 
Samples should be complete final packaged dosage forms 
meeting all the company's requirements and should 
differ in no way whatever from samples of those lots 
of products on the shelves of the pharmacies and 
hospitals.

Long Term Recommendations

Attempts should be made to computerize all production 
records so that data could be easily collated relative 
to annual production figures, cost accounting, 
inventories, etc. to assist in long term projections 
and assessing of short term problem areas in the 
plant's operations.

1.3.13 Parenteral Operations

Short Term Recommendations

An immediate improvement in the protective clothing 
used in these operations is required. All parts of 
the skin should be covered. The hair should be totally 
covered and the feet obviously should be totally 
covered.

Ensure that all parenteral operations areas are 
under positive sterile air pressure.

Ensure that all personnel (especially mechanics) 
are properly clothed on entering these areas.

Conduct routine air testing during each production 
run.

Wipe all sterile areas with antiseptic solutions, 
spraying where necessary, before production runs.

Close all drains and remove all si~ks from the 
sterile areas.



Attach temperature and pressure recording devices 
to all sterilizers; where such recorders are already 
in place ensure that they are working.

Check all air and water filtration systems.

Conduct routine medical examinations on all 
personnel working within the sterile areas.

Change the inspection personnel especially those 
working on the visual inspection for particulate 
matter frequently, such as every half hour.

Long Term Recommendations

It is suggested that in any future parenteral 
type of operation that completely new facilities 
be built away from crowded city environments in 
one storey prefabricated structures meeting the 
highest standard of GMP. A "Guide for Parenteral 
Drugs Manufacturing and Personnel Training" is 
included in appendix II.

Statistical methods for sampling large volume 
parenterals and large production batches of 
ampoules and vials should be brought in line with 
internationally accepted standards.

1.3.14 Importation of Finished Dosage Forms, Raw Materials 
and Pharmaceutical Machinery_________________________

1.3.14.1 Finished Dosage Forms 

Short Term Recommendations

It is essential that a certified copy of the cer
tificate of analysis for each lot of product 
imported into the Arab countries accompanying the 
product is a part of the required shipping documents.

All finished products should be packaged in light- 
resistant containers, well sealed against humidity, 
against specifications given by the purchaser to 
the supplier.

All products with known stability problems should . 
carry expiration dates on the label. That is the 
date after which that particular product should not 
be used.
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Long Term Recommendations

All foreign companies should be asked to supply to 
the competent authorities in Egypt (the other Arab 
countries should follow suit) evidence of the relative 
stability of all final dosage forms which they sell.

Buildings should be converted into environmentally 
controlled facilities to enhance the stability of 
products sotred therein.

Every effort should be made to import tinctures, salts, 
extracts in large quantities to save the very heavy 
freight costs. The bulk materials can then be filled 
into smaller containers by pharmaceutical processors 
in the Arab countries as a significant saving in cost. 
Eventually local companies should be making their 
own tinctures, disinfectants, surgical soaps, etc.

1.3.14.2 Raw Materials

Short Term Recomendations

Raw materials should be packaged in fibreboard, 
weather resistant containers or other suitable 
materials according to precise packaging specifi
cations given to the supplier.

All raw material shipments should include the 
documents which accompany the material specifications 
or certificates of analysis to assist the final 
recipient (if it is a pharmaceutical, food or cos
metic company) to assess the quality.

Long Term Recommendations

All raw materials should be stored in environ
mentally controlled surroundings. All care should 
be taken to keep raw materials away from rodents 
and other types of vermin.

All raw material specifications should be updated 
to meet the latest compendial standards.

1.3.14.3 Pharmaceutical Machinery 

Short Term Recommendations

All broken crates in the open (i.e. outside of 
buildings) which contain machinery should be 
covered by bags or wooden slats. Every effort 
should be made to clear machinery from holding 
areas as soon as possible.
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Every effort should be made to see that equipment 
and critical materials are not ordered before they 
are ready for use.

Long Term Recommendations

Permit equipment to be shipped from dockside or 
airport directly to the plant or site of use and 
let the government agency process the paperwork 
only. The personnel in the plant ordering the 
equipment are the best judges of the quality of 
the shipment on arrival and are the best equipped 
to ensure careful storage of the equipment until 
they are put into use.

Enlarge storage facilities of the government agency 
engaged in purchasing raw materials and equipment.

r
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P 2 Assessment of Production Capabilities and Capacities of
Formulation Plants Visited and Recommendations to Upgrade Same

For the purpose of a comprehensive review of current production 
capabilities and capacities and consequent recommendations, 
comments will be made under the following headings:

2.1 Capabilities

2.1.1 General.
2.1.2 Processing Technology.
2.1.3 Management.
2.1.4 Research.
2.1.5 Manufacturing Equipment.
2.1.6 Quality Control Laboratory Equipment.
2.1.7 Packaging Equipment.
2.1.8 Physical Plant and Warehousing.
2.1.9 Marketing Organization.

2.2 Capacities

2.2.1 General.
2.2.2 Tablets - Uncoated.
2.2.3 Tablets - Coated.
2.2.4 Capsules - Hard Gelatin.
2.2.5 Ointments and Suppositories.
2.2.6 Powders and Granules.
2.2.7 Liquids.
2.2.8 Parenterals.
2.2.9 Packaging.
2.2.10 Labour.

£
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2.1 Summary of Findings (F) and Recommendations (R) Relative to 

Caoabilities
—  - — -------------------------------------------

2.1.1 General

(F) ACDIMA has not assigned a level of priority concerning 
the immediate maximizing of present pharmaceutical 
operations' capabilities and capacities to improve the 
quantum of locally produced pharmaceuticals in the 
Arab countries.

(R) ACDIMA should as an order of first priority (concomi
tant with its other priorities) seek to exploit the 
unutilized capacities of present operating plants for 
increasing the quantity of pharmaceuticals produced 
locally. Furthermore, of equal importance, ACDIMA 
should immediately utilize a significant part of this 

* excess capacity to have products processed to its own
specifications (both product and GMP) and packaged 
under the ACDIMA name for sale by ACDIMA's marketing 
organization.

2.1.2 Processing Technology

(F) Basic technology to manufacture all types of dosage 
forms is available in the Arab countries.

(R) Updating of technology by introduction of modem 
operational techniques is recommended.

2.1.3 Management

(F) Absence of positive attitudes by management to GMP 
and delegation of authority was found.

(R) See comments under 1.1.1.

2.1.4 Research

(F) Most of the research appeared to be concentrated in 
the field of gastrointestinal bacterial and parasitic 
diseases.

(R) The base of research should be broadened and working 
contacts with international research bodies should be 
established.

2.1.5 Manufacturing Equipment

(F) - Excellent modern equipment which is improperly cleaned 
and maintained.

- Poor environmental control for equipment.
- Operated significantly below optimum capacities.
- Excellent machinery unused.
- Inadequate written operational procedures.

A



(R) Institute routine cleaning and maintenance of equipment 
to prevent breakdown and loss of efficient production. 
Increase the operating speed of equipment. Utilize all 
equipment in plants before purchasing additional equipment. 
Advertise to other pharmaceutical companies the availa
bility of excess equipment or production capabilities. 
Introduce and establish routine written operational 
procedures.

2.1.6 Quality Control Laboratory Equipment

(F) Same as for 2.1.5.

(R) Same as for 2.I.S.

2.1.7 Packaging Equipment

(F) Same as for 2.1.5.

(R) Same as for 2.1.5.

2.1.8 Physical Plant and Warehousing

(F) Present plant and extensions under construction Cbut 
not completed] for production have:
- Crowded warehousing;
- Inefficient materials handling by employees;
- Inadequate record keeping and inventory control.

(R) Attempt to modify present manufacturing plants and
projects under construction to meet acceptable operational 
standards.

2.1.9 Marketing Organization

(F) Marketing organization is not developed; modern 
marketing concepts are not used.

(R) Develop marketing organization and modern marketing 
concepts to enable production use of excess capacity. 
Merchandize under ACDIMA's label.
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2.2 Summary of Findings (F) and Recommendations (R) Relative to 
Capacities___________________________________

2.2.1 General

lF) Same as for 2.1.1.

(R) Same as for 2.1.1.

2.2.2 Tablets - Uncoated

(F) These were producing at about 40% of capacity.

(R) Increase speed of machines. Improve maintenance of 
equipment. Maximize the utilization of labour and 
equipment.

2.2.3 Tablets - Coated

(F) These were producing at about 35% of capacity.

(R) Increase coating pan loads. Document tablet coating 
procedures. Introduce film coating of tablets in lxeu 
of sugar coating. Maximize the utilization of labour 
and equipment.

2.2.4 Capsules - Hard Gelatin

(F) These were producing at about 40% of capacity.

(R) Improve storage conditions for empty capsules. Increase 
speed of filling machines. Improve environment surround
ing capsule making machines. Maximize the utilization 
- of labour and equipment.

2.2.5 Ointments and Suppositories

(F) These were producing at about 30% of capacity.

(R) Utilize present mixing, milling and tube filling 
capacity more fully.

2.2.6 Powders and Granules

(F) These were producing at about 35% of capacity.

(R) Improve environment in the equipment area. Utilize 
present equipment more efficiently.

2.2.7 Liquids

(F) These were producing at about 35% of capacity.

(R) Utilize present equipment more efficiently.



2 . 2.8 Parenterals
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(F) These were producing at 354 of capacity. Equipment
was under utilized and there were improper quality control 
procedures.

(R) Increase the speed of equipment. Implement improved
quality control procedures as outlined in the "Guide for 
Parenteral Drugs Manufacturing and Personnel Training" 
in the Appendices.

2.2.9 Packaging

(F) These were producing at about 354 of capacity Tablet 
packaging equipment was unused. Bottles for liquids 
had poor closures and labelling was slow. Packaging 
lines were overcrowded with personnel. In all packaging 
operations equipment and personnel were operating below 
economical production levels.

(R) Increase the speed of operating equipment. Utilize 
unused equipment. Improve the quality of glassware. 
Increase strip-sealing capabilities of tablets, capsules, 
suppositories, etc.

2.2.10 La.:>our

(F) Abundance of labour were unused because present plant 
and equipment are under-utilized. Generally the direct 
labour personnel were under-trained.

(R) Operate all plants with two shifts. Improve the 
training of general labour. Decrease the number of 
employees on packaging lines.



252 -
2.3 Detailed Recommendations Relative to Capabilities

2.3.1 General

Short Term Recommendations

To assist the present pharmaceutical industry to improve its 
capabilities ACDIMA as part of its high priority to market 
products under ACDIMA's label and distribution control 
should, concurrently with the initiation of the indepth 
marketing programmes recommended in Section 3, establish 
contact with existing companies to initiate the formulation 
and production of a limited group of products under ACDIMA*s 
label and according to ACDIMA's GMP.

This action would achieve three immediate objectives:

- The increased and efficient utilization of existing 
plants and equipment.

- Introduction of ACDIMA's name and products to the Arab
market.

- By establishing specific standards for manufacturing, 
packaging and testing of ACDIMA's products by these 
companies, ACDIMA could set an example for improved GMP 
and other capabilities in these companies in a subtle 
and understate'', way.

Long Term Recommendations

It is crucial that ACDIMA's long terra projections for 
pharmaceutical formulation products include as a high priority 
programmed cooperation with existing pharmaceutical (private 
and public sectors) manufacturers to utilize to maximum the 
capabilities and capacities of existing plants. It would be 
a disservice to the Arab countries to spend significant capital 
dollars for establishing new plants without attempting to 
upgrade and fully utilize present facilities. This does not 
mean that ACDIMA could not proceed with the immediate 
establishment of a model formulation plant for each of the 
following types of production: non-parenteral formulation
plant, a parenteral formulation plant, a hard gelatin 
manufacturing and filling plant, etc. However, before 
authorizing the establishment of numerous plants in the 
Arab countries, the beneficial effect of improving efficiencies 
in present plants should be established.

2.3.2 Processing Technology

Short Term Recommendations

Implement the recommendations under 1.3.



Long Term Recommendations

Implement the recommendations under 1.3 as above.

2.3.3 Management

Short Term Recommendations

Implement the recommendations in 1.3.1 - short term 
recommendations.

Long Term Recommendations

Implement the recommendations in 1.3.1 - long term 
recommendations.

2.3.4 Research

Short Term Recommendations

Every public sector pharmaceutical company represents 
foreign principals which have extensive research facilities 
engaged in a broad range of research. The foreign princi
pals’ assistance should be sought in order to help Arab 
pharmaceutical companies to set up integrated research 
programmes especially in tropical diseases.

Foreign principals should also be actively encouraged to 
involve their Arab counterparts in clinical 
pharmacological studies involving new and experimental 
pharmaceuticals and medical dçvices.

As a matter of fact the following requir_raent should be 
mandatory: Before any important therapeutic product or
device can be introduced by foreign principals in the Arab 
market place either by importation of the finished product 
or through local manufacturing, that company should conduct 

• clinical studies in the Arab countries to complement the studies 
made in the principal's country in order to show that the 
new product is therapeutically active and worthwhile in 
view of differences in the dietary habits and physiological 
make-up of the average Arab and the dispensing and adminis
tration practice of the local health practitioners. Th 3 
requirement would serve two purposes, namely:

- The elimination of useless products in the market place ̂

- Involving the local companies in a very important element 
of clinical and pharmaceutical research from which much 
valuable experience would accrue.

See recommendations of the WHO Expert Commit 
the Selection of Basic Drugs, Geneva, Oktober 1977. tee on
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Long Term Recommendations

In an effort to reduce the large number of duplications in 
pharmaceutical products which are imported into the Arab
ocuncries 1 - should be a recuiremen- -21 foreign ocnpanies
which have important therapeutic products on the Arab market 
prove through limited clinical studies conducted in the
Arab — j*iS3 on Arab patienzs zhe drugs® clinical, effj.cacies.
This activity would not only utilize all research facilities 
in present plants tc maximum capacity but may necessitate the 
expansion of these facilities (the costs of which would be partly 
paid for through the fees collected from the principals for 
the local clinical studies).

The beneficial experience gained by the local companies is 
self-evident.

Companies in the Arab counzries should through visits of and 
correspondence by senior "ssaarch personnel. estacush contact for 
the free interchange of data with such internationally known 
research institutes as:

- National Research Council, Ottawa, Canada
- Medical Research Council, Ottawa, Canada
- National Institutes of Health, Bethesda, Maryland, U.S.A.
- The Centre for Disease Control, Atlanta, Georgia, U.S.A.
- Stanford Research Institute, San Francisco, California, 
U.S.A.

etc. so that the base of research in the Arab countries nay be 
broadened.

Increase significantly subscriptions to research oriented 
journals and encourage enrollment of senior personnel in 
international associations, institutions and organizations 
involved in various research activities.

2.3.5 Manufacturing Equipment

Short Term Recommendations

Immediately implement the short term recommendations in
1.3.2, Premises and Equipment.

Utilize the equipment in a limited second production shift 
starting at the conclusion of the first shift. It is 
appreciated that the pharmaceutical formulation plants are 
regarded as a labour intensive operation in the Arab world. 
However there is the contradictory factor, namel’', that it 
seems very difficult to get labour in the Arab countries to 
work an afternoon or evening shift. If the present manu
facturing equipment in the pharmaceutical plants can be put 
to maximum efficient use, they could be utilized as for a 
highly productive second shift with a minimum of supporting 
labour force. This hypothesis will be developed more fully 
in Section 2.4.10 - Labour, long terra recommendations.

H
r



The present speed of operation of tabletting, encapsulation, 
liquid processing, and all packaging equipment should be 
increased immediately to improve productive capacity by at 
least 10-15%.

Detailed written production procedures showing all steps in 
processing operations will also increase the productivity 
of the equipment.

Long Term Reccmmendations

Implement the long term recommendations in 1.3.2 - 
Premises and Equipment.

Develop detailed production schedules to maximize the effi
cient utilization of equipment in general during the first 
shift and particularly during an implemented second shift 
which will be as automated as the company can make it 
resulting in minimizing the labour requirements for this 
second shift.

On a long term basis through time-motion studies establish 
the optimum operational speeds of equipment consistent with 
GMP and ensure that operators maintain these speeds.

Further comments will be made in Section 2.4.10 - Labour.

2.3.6 Quality Control Laboratory Equipment

Short Term Recommendations

It is suggested that a moratorium be placed on the purchase 
of all analytical equipment immediately. There is no question 
that the quality control laboratories in the companies 
visited had the most excellent instruments. All existing 
instruments should be immediately calibrated. All test 
solutions should also be standardized. A regular programme 
for future routine calibration and standardization should 
be instituted immediately. All equipment, for example, 
spectrophotometric, gas chromatographic, etc. should be 
immediately enclosed in a controlled environment relative to 
temperature and humidity.

Present equipment should be used for a significantly expanded 
programme in stability and production batch testing.

Long Term Recommendations

With the implementation of a second shift in production, 
the maximum utilization of the present equipment will take 
place.

It is essential for the best use of equipment that supple
mentary materials such as reference standard chemicals 
(U.S.P., B.P., E.P., etc.) be acquired and maintained under
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ideal environmental conditions so that they may be used as 
reference materials against which raw materials and Finished 
products can be measured to ensure the integrity of the latter.

2.3.7 Packaging Equipment

Short Terra Recommendations

Same as for 2.3.5 - Manufacturing Equipment - short terra 
recommendations.

Long Terra Recommendations

Same as for 2.3.5 - Manufacturing Equipment - long term 
recommendations.

2.3.8 Physical Plant and Warehousing 

Short Term Recommendations

Same as for 1.3.2 - Premises and Equipment - short terra 
recommendations.

Institute immediately a programme among warehouse helpers in 
the handling of raw materials, finished products, and 
packaging materials in the careful handling of merchandise 
so as to cut down losses through damage from carelessness.

Long Term Recommendations

Ensure that all current and future expansions in the formu
lation plants meet with the highest standards of GMP. Much 
of the construction presently taking place in the industry 
has the capability of being altered at the present time to 
meet GMP.

Modem systems of inventory maintenance should be instituted 
to ensure that there is adequate stock rotation and lead 
times for the acquisition of raw materials, packaging materials, 
finished products, etc.

2.3.9 Marketing Organization

Short Term Recommendations

All companies in the public sector with the collaboration of 
AGPIMA should immediately institute market studies to indicate 
in which direction future marketing of products manufactured 
by the efficient utilization of their facilities will be going.

Public sector companies should be actively seeking the coopera
tion of ACDIMA to see how an integrated master plan could 
serve the immediate and future needs of the Arab countries.
Long Term Recommendations

In collaboration with ACDIMA undertake long term (five-year and 
ten-year) projections to establish market trends and the 
fulfillment of health needs of the Arab countries.

;



n  4 Detail eu Recommeuda tiuiib Relative to Capacities

2.4.1 General

Short Term Recommendations

Please see 2.3.1 - General - short term recommendations. 

Long Term Recommendations

Please see 2.3.a - General - long term recommendations.

2.4.2 Tablets - Uncoated 

• Short Term Recommendations

Immediately by increasing the operating speed of taolet 
manufacturing machines and improving the maintenance of 
these machines, capacity should increase about 15%.

Long Term Recommendations

The question of production on a second shift will 
discussed in great depth under 2.4.10 - Labour ■ îort 
and long term recommendations. However a second shift 
should add a further 20-25% increased capacity, resulting 
in a total increase of 35-40% in the production of 
unccated tablets.

2.4.3 Tablets - Coated

Short Term Recommendations

In many plants unused coating pans were observed. It is 
conceivable that if one manufacturing operation does not have 
the capability or capacity to coat its tablets, arrangements 
can be made with another company in the public sector which 
has the excess capacity to do the necessary coating. This 
is a standard procedure utilized in other countries even 
among great rivals in the market place.

It appeared that coating pans were underloaded in several 
instances observed. Therefore careful studies to increase 
coating pan loads should be undertaken to cope with increases 
in cores coming from the faster operating ta Vetting machines.

Long Term Recommendations

Greater utilization should he made of improved technology in 
tablet coating. For example, film coating reduces the time 
of coating by significant man-hours and results in a more 
stable dosage form. It is the opinion of the experts that 
film coating is the ideal solution to problems of stability, 
friability, etc. encountered in tablet manufacturing in the 
Arab World.



Other comments relative to the improved production capacity 
will be made under the section of Labour, 2.4.10.

4.4 Capsules - Hard Gelatin

Short Term Recommendations

Enclose all equipment in facilities with very strict 
environmental controls relative to temperature and humidity.

Store all empty hard gelatin capsules in facilities which 
conform to the above environmental criteria. These two steps 
will immediately cut down lost production time due to the 
jamming of machines by capsules and bulk powders.

Increase speed of equipment and improve maintenance of 
equipment.

Long Term Recommendations

With the collaboration of ACDIMA immediately undertake feasi
bility studies to establish facilities for the manufacturing 
of hard gelatin capsules in the Arab countries. Local produc
tion. will not only ensure a ready availability of encty cansule 
but will cut down the problems (friability, shrinkage, 
brittleness, clumping due to humidity, etc.) associated with 
the transportation of empty hard gelatin capsules over long 
distances with the varying climactic conditions.

The implications of increased capacity (about 30%) will be 
discussed under the section on Labour, 2.4.10.

4.5 Ointments and Suppositories

Short Term Recommendations

Increasing the speed of equipment will result in an enhanced 
capacity of 10-15%.

Long Term Recommendations

Greater utilization of equipment is required in this sector. 
A number of steam jacketed kettles which were obviously not 
in use or had not been in use for a significant period of 
time were observed lying idle.

With the implementation of a second shift discussed under 
’’Labour", capacity of ointment and suppository production 
should increase by about 25-30%,



2.4.6 Powders and Granules

Short Term Recommendations

Increase the speed of filling equipment. Improve maintenance 
of the equipment.

Improve environmental controls of facilities so that there 
is less clumping and sticking of powder which reduces 
production time.

Long Term Recommendations

Implement second shift to utilize equipment more efficiently.

2.4.7 Liquids

Short Term Recommendations 

Improve maintenance of equipment.

Increase the speed of filtration and filling equipment to 
give a.n immediate 15% increase in production.

Long Ter". Recommendations

Utilize double shift.

Clean and repair many of the large bulk containers seen lying 
around the plant so that they can be utilized for larger 
production batches.

2.4.8 Patenterais

Short Term Recommendations

Increase the batch size, i.e. the bulk of liquid manufactured 
for any one filling operation.

Operate equipment at an increased speed. Utilize equipment 
lying idliî in the plant.

Long Term Recommendations

Implement the "Guide for Parenteral Drugs Manufacturing and 
Personnel Training",

2.4.9 Packaging

Short Term Reco-imendations

Increase the speed of packaging equipment and improve main
tenance.



Long Term Recommendations

With the advent of a second shift, packaging equipment 
presently lying idle in the plant could be put to excellent 
productive use and be more fully automated. This increased 
automation would eliminate the necessity of large labor 
gangs on the second shift. It should be possible to package 
by automation in the second shift the same number of units 
that are packaged both by equipment and by hand in the first 
shift.

.2.4.10 Labeur

Short Term Recommendations

Introduce formal training programs in processing and 
packaging operations to maximize efficiency of labour 
personnel.

Increase the number of blind personnel in the packaging 
operation. From observations they were significantly more 
productive than the operators who had their full vision.
This was attributed to the fact that they were subject to 
no visual distractions. Secondly they are less likely to 
move from their work stations during production. Thirdly 
they appeared to be more highly motivated and proud of their 
labour.

Long Term Recommendations

It is stTongly recommended that all plants immediately study 
the feasibility of implementing two shifts in all formulation 
plants.

It is suggested that the first shift would be:
7 a.m. to 2:30 p.m. - 1 \ hours; 

and the second shift would be:
2:30 p.m. to 7:30 p.m. - 5 hours.

It is recommended that the rate of hourly pay for the second 
shift should be such that an employee working 5 hours would 
receive the same financial remuneration as for an employee 
working 7% hours. Thus if it was necessary to rotate 
employees between shifts there would be no loss of emoluments. 
There would also be the additional incentive of short working 
hours for an increased remuneration to encourage the employees 
to work the 2:30 to 7:30 shift.

If all the equipment existing in the formulation plants in 
the Arab World were operated according to their fully automated 
capacities, it is estimated that only about 50% of the number 
of employees utili'ed in the first shift would be necessary to



service, produce, and package an equal volume of product.
This automation would reduce the problem of finding labour 
who would be willing to work the second shift. As previously 
indicated, employees who are prepared to work the second 
shift would be compensated by reduced hours for an increased 
wage. The end result may be summarized as follows:

- An increase of approximately 30* over and above present 
production.

- A greater return on capital plant and equipment investment 
for the Arab World pharmaceutical companies.

- Increased local production and a lessening of dependence on 
imported products.

- The realization of one possible avenue by which ACDIMA 
through the utilization of these increased production 
resources can enter the Arab market.

We reiterate that ACDIMA's future plans for the building of formulation 
plants should be most definitely contingent on and integrated with 
improved efficiency and increased production of the present pharma
ceutical manufacturing plants in the Arab countries.
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3.2 Summary and Recommendations on the Establishment of Pharmaceutical 
Formulation Plants _______________________________

In view of the fact that the existing pharmaceutical formulation

dollar volume outlined in Section4.4 of this report indicates 
approximately 35 formulation plants capable of an annual production 
of $US 35 million should be built to provide approximately 44*i of 
the Arab countries' pharmaceutical needs by '935, it would anneal -hat 
ACDIMA is in the ideal position to:

3.2.1 Create a master marketing plan and select the dosage form 
mix that would be produced under the ACDIMA label. (See 
Section 3.3.)

3.2.2 Create joint ventures with Arab and non-Arab 
countries. (See Section 3.4.)

3.2.3 Establish formulation plant profiles and construction 
projections. (See Section 3.5.)

3.2.4 Plan the location of formulation plants in the Arab councries 
(See Section 3.5.)

3.2.5 Establish standards of good manufacturing practices for its 
manufacturing plants. (See Section 1.3.)

3.2.6 Advise on the feasibility of regional bulk buying where 
applicable. (See Section 3.5.8.)

3.2.7 Establish a comprehensive integrated training programme for 
its initial and future plant personnel.

Recommendations

It is recommended that ACDIMA initiate feasibility studies at once 
to assess the implementation of the recommendations set out in
3.2.1 to 3.2.4.

With reference to 3.2.5 it is recommended that a committee of local 
Arab experts with perhaps the help of an expert in quality control 
management with considerable experience both in government and in 
the pharmaceutical industry from outside the Arab countries be invited 
to act as an advisor to this committee.

With regard to 3.2.6 since the members of the Board of Directors of 
ACDIMA are also often involved in the purchasing and control of 
pharmaceuticals in their respective countries it is suggested that 
perhaps the Board members would advise on the formation of small 
committees to examine the possibility of regional bulk pharmaceutical 
buying. More will be said on the subject in Section 3.5.8.

plants in Arab countries pro dues rn_y ~Cj'c of 
pharmaceutical needs and as the forecast c^s

is Arab count n e
x



.3 Thç Master Marketing Pis;;

The plan calls for the immediate creation of a marketing division 
of ACDIMA under the leadership of a Director who would report to 
the General Manager. A suitably qualified person should be hired 
at once to fill this position. His i"edij-te activities would

3.3.1 After review of the reports of the pharmaceutical and 
medical appliance experts, to conduct indepth market 
surveys to identify areas in the Arab World where ACDIMA 
could immediately place its products (i.e. pharmaceutical 
and medical appliances] in the marketplace.

3.3.2 Invite proposals from Arab and foreign companies for joint 
ventures with regard to the immediate marketing of a com
plete range of multiple and single entity products under 
ACDIMA's label.

3.3.3 Initiate concurrently with 3.3.2 above and with the 
cooperation of Arab and non-Arab corporations, the actual 
marketing of a number of items known to have instant market 
acceptability under the ACDIMA label, without awaiting the 
results of 3.3.2.

3.3.4 Start the screening process of candidates who will eventually 
fill the roles of future territorial sales representatives 
for ACDIMA..

The activity outlined in 3.3.1 is self-evident.

The functions outlined in 3.3.2 will be covered in Section 3.4 
which follows.

Point 3.3.3 requires some elucidation. These products would be 
standard products and would be manufactured by companies in 
Arab and non-Arab countries both to those cocoanies' and 
ACDIMA's specifications. These products may or may not be sold in 
areas where they would be competitive to identical products of the 
custom manufacturer whether inside or outside the Arab countries 
small royalty may have to be paid on a per unit basis to the custom 
manufacturer for the use of his formulation and past expertise in 
developing the product formulation. However this royalty, usually
3-5%, will easily be covered by the selling price. In explanation 
of the above proposal, the following examples are given of the 
dosage forms which can be marketed immediately under ACDIMA's name.



Sort Gelatin capsules

There is a place for soft gelatin capsules in the pharmaceu
tical marketplace of the Arab countries. There is on_y :ne 
company to the best of our knowledge making a small amount 
of soft gelatin capsules in the Arab countries. 2ulk sc:'“ 
gelatin capsules are therefore important in final dosage form. 
ACDIMA should immediately begin negotiations with the many 
international companies as well as with the one company in 
the Arab countries regarding the supplying 'f standard creduces 
such as multi-vitamins, antihelminthics, barbiturates, ' 
sedatives, psychotropics, etc. in bulk form. The custom 
manufacturer of the capsules would then be informed as to 
which company the capsules should be shipped for custom 
packaging under the ACDIMA label. The finished product 
would then be introduced to the market by the ACDIMA sales 
force mentioned in 3.3.4 above.

Large Volume Parenterals, Vials and Ampoules

Companies with know expertise relative to these dosage forms 
both inside and outside the Arab countries should be in viced to 
supply a final dosage form to ACDIMA and under ACDIMA's label 
or alternatively to supply the unlabelled final dosage form 
to a company of ACDIMA's selection within the Arab countries 
for final labelling under ACDIMA's label.

It is known that this gTOup of products is readily marketable.

If necessary royalties would be paid. Again these products 
would or would not be offered for sale in the country of 
the manufacturer by mutual agreement.

Again as in the case of the soft gelatin capsules these 
products would be introduced in the marketplace by ACDIMA's 
sales force.

Hard Gelatin Capsules

Therapeutic agents such as antibiotics, psychotrophic agents, 
analgesics, antipyretics, antirheumatics, antihistaminics, 
antxmalarials, vitamins and minerals, etc. can be packaged 
in hard gelatin capsules. Again as in the case of the soft 
gelatin capsules and the parenteral products ACDIMA will 
approach companies inside and outside of the Arab countries Whi 
do have the expertise to manufacture this type of product. 
Again royalties could be paid. The product would be supplied 
in bulk and would be repackaged under ACDIMA's label by one 
of the pharmaceutical companies within the Arab countries.



Standard Formulations

At the same time ACDIMA's Director of Marketing should 
select a number of therapeutic products in the following 
dosage forms: tablets, syTups (solutions), suspensions,
powders/granules, and suppositories which are standard 
formulations already manufactured and sold in the Arab
countries .¿na surrounding territories. Again, a royalty :vcuii 
be paid to the existing companies to prepare identical units 
under the ACDIMA label for sale in areas where there would 
be no marketing conflict. It is suggest that four products 
from each of the therapeutic groups listed below be manufac
tured for sale in the dosage forms stated above:

Anaesthetics
Analgesics
Antipyretics
Antirheumatics
Antihelminthics
Antiinfectives (Chemical, e.g. Sulphonamides; Antimalaria
Antituberculosics
Antibiotics
Psychotrophics
Sedatives
Urogenital Antiinfectives
Orodentals
Antispasmodics
Antihistaminics
Vitamins
Vitamins and Minerals

Again these products would be introduced to the marketplace 
by ACDIMA's sales force. As stated before many of the com
panies custom manufacturing ACDIMA's initial products would 
be approached to participate in joint ventures for the 
creation of formulation plants under the ACDIMA umbrella.

Many of the companies which would be approached to fulfill 
the above programme of introducing ACDIMA's name to the 
marketplace would also be invited to tender on joint ventures. 
Therefore the above discussed activities of custom manu
facturing and custom packaging some products for ACDIMA 
would serve as a means of getting to know possible future 
partners in joint ventures and also give ACDIMA personnel 
vitally needed multinational exposure and experience. At 
this point it is appropriate to discuss proposals and reco
mmendations for joint ventures.
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Joint Ventures with Corporations Inside and Outside the Arab

Corporations such as ACDIMA usually enter into joint ventures with 
other corporations and individuals for the following reasons:

1. The acquisition of new technology. (See 5.4.1 and 5.5.)

2. The acquisition of management skills. (See 3.6.)

3. The acquisition of financial direction and support. (See 3.7.)

4. The desire to share the inherent risks of a new venture.
(See 3.8.)

5. The purchase of controlling interests in other corporations 
(acquisitions). (See 3.9.)

3.4.1 The Acquisition of New Technology

The acquisition of new technology will be accomplished 
mainly through partnerships with organizations inside and 
outside the Arab countries which will establish formulation, 
plants in human and veterinary medicines, crop chemicals and 
medical appliances.

Joint ventures should immediately be sought among companies 
inside and outside of the Arab countries for the following 
groups of pharmaceutical entities:

3.4.1.1 Soft gelatin capsules.

3.4.1.2 Parenteral products, i.e. sterile large volume 
parenterals (LVP's), small volume parenterals (SVP's), 
ophthalmic and otic preparations for the human and 
veterinary fields.

3.4.1.3 Hard gelatin capsules (empty and filled), powders 
and effervescent granules.

3.4.1.4 Formulation plants - Human pharmaceuticals without 
parenteral operations to manufacture tablets, 
ointments and creams, liquids, powders and granules, 
suppositories, in the therapeutic groups shown in 
Phase I of ACDIMA's list of priorities,
as well as to package and distribute
from bulk finished product produced elsewhere,
gelatin capsules and parenteral products.

3.4.1.5 Animal feed and veterinary premixes.



3.4.1-6 Veterinary pharmaceuticals without parenterals to
manufacture the same dosage forms listed in 3.4.1.4 
plus boluses and mastitis syringes.

3.4.1.7 Veterinary biologicals.

3.4.1.8 Packaging and labelling from bulk product.

3.4.1.9 Crop chemicals.

3.4.1.10 Medical devices.

The plant profiles which follow are suggested guidelines for 
the pharmaceutical formulation plants.

The management structure recommended for these plants 
outliend in 3.6.3 and appendices X-HV.

At this point it is our considered opinion that pre-feasibility 
studies for formulation plants are an absolute waste of time 
and money. ACDIMA's efforts from here on should be concen
trated solely on feasibility studies. We reiterate that the 
recommendations following are for feasibility studies.



3.5 ACDIMA's Plant Profiles

3.5.1 Soft Gelatin Capsules

Modus Operandi

There is a distinct gap in the marketplace for soft gelatin 
capsules manufactured in the Arab countries. ACDDIA should 
communicate at once with the leading pharmaceutical companies 
involved in the manufacture of soft gelatin capsules; for 
example: R. P. Scherer, the Banner Corporation (both non-
Arab companies) and the El Kahira Company of Cairo are three 
companies that come instantly to mind. We suggest a round 
table meeting to work out the mechanics of setting up a 
feasibility study for the mutual cooperation of the interested 
parties in establishing one or more soft gelatin manufacturing 
plants.

The Formula for Cooperation

The following contributions will be made by each party:

The non-Arab corporations - The latest technology and bridging 
or interim management skills.

The local Arab corporation - Knowledgeable manpower and the 
technology of producing soft gelatin capsules under local 
conditions.

ACDIMA - Will supply financing and permanent Arab management 
who have been trained under the bridge or interim management 
supplied by the non-Arab corporations (i.e. joint venture 
partners' project managers). Of course the above statement 
is rather succinct. The non-Arab joint partner corporation 
will supply other infra technology such as formulations, 
advice on equipment, setting up the operation and all the many 
factors that go into establishing a successful specialized 
pharmaceutical manufacturing "turnkey" operations.

For this corporation the_ following; corporate mix initially 
is suggested. ;

ACDIMA - 40%
Arab corporation ♦ foreign

non-Arab corporations - 40%
Local health professionals - 20%

It would appear that ACDIMA would be acquiring a rather 
large share of the corporation solely for putting up the 
money. It should be clearly demonstrated however to all 
partners in the field of joint ventures that ACDIMA has a 
most unique position to assist in the marketing of the 
products of any company with which it is associated. By



virtue of the fact that ACDIMA is a corporation of the 
Council of Arab Economic Unity it is in an unique position 
to seek the active help of members of that Council to 
ensure that products manufactured by ACDIMA (always bearing 
in mind that these products must meet the highest level of 
international standards for good manufacturing practice) 
receive the sympathetic consideration of the Ministries of 
Health and professional bodies of Pharmacy and Medicine in 
the Arab countries, thus encouraging the local utilisation of 
these products to dramatically enhance the success of 
ACDIMA and its associate corporations. In short, ACDIMA 
not only provides money but a most considerable marketing 
"clout" in the Arab pharmaceutical marketplace. This 
statement applies to all the other categories of joint 
ventures.

The products will be introduced to the marketplace by ACDIMA's 
sales force.

No attempt has been mads at this time to prepare a precis or 
synopsis of th'; therapeutic groups, land and building costs, 
and equipment for this operation as none of the experts have 
any experience in this very specialized manufacturing operation. 
However, antimalarials and vitamins should have a high order 
of priority.

3.5.2 Parenteral Products (LVP's, SVP's, Ophthalmic and Otic 
Preparations) for the Human and Veterinary Fields_____

It is recommended that a formulation plant devoted solely to 
the manufacture of LVP's, SVP's and other sterile products 
(with the exception of biologicals) be developed at once.
There is considerable theoretical and applied technology in 
these areas of specialty in Egypt and other countries. Many 
of the formulation companies in the Arab countries have operating- 
departments with the most sophisticated equipment which, in 
theory, should be producing this group of products with the 
highest quality comparable to any product manufactured outside 
of the Arab countries. Unfortunately, because of inadequate 
management, maintenance, and lack of GMP there is considerable 
doubt regarding the quality of these end products manufactured - 
locally. In this area ACDIMA could become the leader in 
creating parenteral operations which would conform to the 
highest international standards.

It is strongly recommended that the formulation plants 
created by ACDIMA should not include a parenteral operation 
in conjunction with tablets, liquids, ointments, etc. These 
are very specialized products which should be manufactured in 
a plant solely devoted to their production. Should each future 
ACDIMA formulating plant include a parenteral manufacturing
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section the end result will be X number of plants producing 
products conforming to X number of different standards of 
quality as exists in the Arab World today. Whereas if one 
plant custom manufactured the parenteral requirements for 
all of ACDIMA's formulation plants (to be shipped unlabeled 
to these plants for labelling and finishing) then the quality 
of these products and the efficiency of the operation will 
be readily maintained and uniform.

Modus Operar.di

ACDIMA would invite Arab and non-Arab corporations noted for. 
their expertise in this area to form a consortium to conduct 
as quickly as possible a feasibility study for the establish
ment of the requisite number of facilities recommended in the 
projections given by the ACDIMA experts ?nd recitified by the 
Director of Marketing, the senior management and Board : 
Directors of ACDIMA. It is quite conceivable that two formu
lation plants manufacturing parenterals could be conceived, 
planned and executed at the same time in different geographical 
regions.

The Formula for Cooperation

Non-Arab multinational - To supply the latest formulation 
technology; bridge or interim senior management; consultative 
services on construction, equipment, environmental resource, 
training, etc. etc.

Arab pharmaceutical company - To supply the land; the local 
formulation technology; the technical middle management; 
workers and the trainee technical senior management who will 
eventually take over fully from the expatriate managers.

ACDIMA - Will supply financing; liaison and ultimately general 
management who will liaise with ACDIMA’s management; the sales 
force to distribute these parenteral products in the Arab 
countries under ACDIMA’s name. ACDIMA will also assume thad the 
standards of GMP are constantly maintained within the manu
facturing operation.

The Corporate Mix Initially

ACDIMA - 40%
Foreign corporation - 40%
Local corporation - 10%
Local professionals - 10%

Therapeutic products to be manufactured in the parenteral 
product formulation plants for human consumption are as 
follows (unfortunately data are not currently available to 
the experts to advise on veterinary parenteral production):

A.
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Table 1. CAPITAL COSTS OF ESTABLISHING A MANUFACTURING FACILITY FOR PARENTERALS (SVP'S fi LVP'S)**

DOSAGE FORM INITIAL ANNUAL EQUIPMENT
UNITS IS.’9 1980

5 ml Ampoules SVP 20,000,00Ô~]
10 mi Ampoules SVP 20,000,000 *1,126,300 1,325,000
20 ml Ampoules SVP 20,000,000_|

500 ml LVP 
1,000 ml LVP

20,000,000"]
5,ooo,ooqJ *2,975,000 3,5u0,000

COST OF LAND - 10 hectares
(1,000,000 sq. 
per sq. meter

meters) § US 19.1*
191,000 224,700

COST OF BUILDING - 11, 200 sq. meters
§ $US 191.25 per sq. meter 2,142,000 2,520,000

6,434,300 7,569,700

COST CIP ARAB COUNTRY IN U.3. DOLLARS
1981 1982 1983 1984 1985

1,523,800 1,752,300 2,015,200 2,317,400 2,665,100

4,025,000 4,628,800 5,323,100 6,122,000 7,040,300

258.400 297,200 341,700 393,000 451,900

2,898,000 3,332,700 3,832,600 4,407,500 5,068,600

8,705,200 10,011,000 11,512,600 13,239,900 15,225,900

t
no

I

* Includes all support services.
**This manufacturing facility should produce $US 15,000,000 of product in 1179, with a 15% escalation per year to 1985.



Anaesthetics - Pentobarbital, Lidocaine.
Analgesics, Antipyretics - Metamizol.
Antirheumatics - Prednisolone, Hydrocortosone, 

other corticosteroids.
Analeptics - Methylphenidate HCl.
Antihelminthics
Antibiotics and Antiinfectives - Sodium Sulfadiazine, 

Streptomycin, Chlorpromazine, Benzathine,
Penicillin G, Procaine, Oxytetracycline, Ampicillin.

Antidysenterics
Anticoagulants - Heparin, Coumarin.
Antih.' staminics - Antazoline HC1, Hydroxyzine HC1.
Cardiovascular Agents - Dihydroxy propyl Theophylline.
Endocrine Products
Hepatobilinogenics
Vitamins - Single: B^, B6, Bj^, C.
Vitamins - Complex: Vitamin B Complex.
Vitamins and Minerals
Uterine vasoconstrictors - Ergotamine.
Psychotrophies; Muscle Relaxants - Cnlorproraazine, 

Diazepam, Imipramine, Trifluoperazine.
Sedatives and Hyponotics - Morphine, Phénobarbital.
Antispasmodics - Theophylline, Phenytoin.
Urogenital Antiinfectives
Antidiabetics - Insulin.
Hospital Products - Calcium Chloride, Dextran,

Mannitol, Fotassium Chloride, Sodium Chloride, 
Irrigation Solutions, Aiaino Acid and Electrolyte 
Solutions.

Long Acting Contraceptive Injectables

-  2 ? 2  -

Size of Plant

Height - 10 meters to permit overhead services and mezzanines. 
140 x 80 meters (11,200 square meters or 121,000 square feet).

Land

10 hectares (25 acres) which would allow for over 200% 
expansion.

Dosage Forms to be Manufactured in One 8-Hour Shift

Table 1 shows the projected number of units of each parenteral 
dosage form which will be made in cne 8-hour shifts, and the 
projected capital costs depending on whether the equipment is 
obtained in 1979, 1980, 1981, 1982, 1983, 1984, or 1985.



.5.3 Hard Gelatin Capsules (Empty and Filled), Powders and 
Effervescent Granules

It is our opinion that enough hard gelatin capsule sales 
(both empty and in filled dosage forms) exist in the Arab
countries tc warrant the creation 0I' a untrue complex for 
these types of dosage forms.

This complex would involve the creation of a hard gelatin 
manufacturing operation to supply empty hard gelatin 
capsules to all Arab countries. Concomitantly, a 
formulating plant would be built abutting on the capsule 
fabricating plant for the manufacture of filled gelatin 
capsules of antibiotics, analgesics and all other thera
peutic groups for which the experts and the Director of 
Marketing agree that a market exists. Since it is necessary 
to have powder blenders, granulators, driers, and other 
supporting equipment for the encapsulating machines, these 
supporting machines can be more efficiently utilized if the 
production of effervescent granules and powders are included 
in this type of operation.

It is quite conceivable that ACDIMA's production of filled 
capsules would be of such a high standard that they could 
supply on a custom basis local manufacturers whose capsule 
filling capacities cannot keep up with their sales. Similarly 
ACDIMA's filled capsules could be shipped in bulk for 
packaging in final dosage forms to packaging facilities (in 
which ACDIMA may or ,uay not have a financial interest.) in 
other areas o£ the Arab countries where the density of pcpulati 
and other economic factors make it unfeasible at the present 
time to develop a formulation plant for encapsulation.

Modus Operandi

ACDIMA would invite Arab and non-Arab corporations noted for 
their expertise in gelatin making, hard gelatin capsule 
making, encapsulations of therapeutic products and perhaps 
formulators of very specialized products to form a consortium 
to establish a fully integrated capsule manufacturing complex.

Again from the reports of the expert? and the studies by the 
Director of Marketing the product line would be established.

A word of caution should be inserted here. Any facility for 
the manufacture of antibiotics and steroid encapsulated 
products should be specially designed to separate these types 
of products from other encapsulated dosage forms. Since it 
takes some time to build gelatin extraction and capsulating 
plants, the companies involved could bring in bulk finished 
empty gelatin capsules in the interim for ACDIMA's use in 
their gelatin capsule formulation pl^nt (which would be the



first facility built). Concurrently ACOIMA could be licensed 
as its partner's sole distributor for the empty capsules in 
the Arab countries. The next phase (i.e. Phase 2) of the operation 
would be the erection of the empty capsule manufacturing 
facility and after this facility was in operation (supplied 
by imported pharmaceutical gelatin) then the gelatin processing 
plant could be phased into operation. It may be necessary to 
divorce the gelatin extraction operation from the capsule 
fabrication and the formulating plant manufacturing the filled 
capsules for geographical and economic reasons.

The Corporate Mix Initially * 1

Estimate of Cost to Set Up a Totally Integrated Hard Gelatin 
and Powdered Capsule Operation (i.e. the Manufacture of Both 
the Empty Shells and Filled Capsules)________________________

Annual consumption in ACDIMA's Arab countries is approximately
2,034,000,000 capsules per annum (Egypt's production and imports 
¿78,000.000 multiplif'd by a factor of 3). The average capsule 
making machine will manufacture 250 million empty capsules a 
year. From the point of view of efficiency, groups of 4 
machines can be operated by 5-6 skilled operators under a 
foreman. One group of 4 machines will turn out approximately
1 billion, so that 8 machines would be required to produce 2 
billion capsules annually. It is suggested that the feasibility 
of constructing 1 plant containing 8 capsule making machines 
each with a capacity of 250 million capsules be begun as soon 
as possible. In the same plant will be capsule filling 
operations for ACDIMA's powder and granule manufacturing 
formulation plants. The rationale for this unique design for 
gelatin capsules is as follows:

This process requires a highly sophisticated technology, very 
rigid in process quality controls with regard to viscosities, 
precise drying temperatures and times, and critical tolerances 
(within fractions of a thousandth of an inch) for the finished 
empty capsule. Inspection of the empty shells to remove 
imperfect capsules also require very sophisticated equipment.

Empty gelatin capsules on prolonged storage are highly sensi
tive to the “ffects of high temperatures and high humidities. 
Distortion, brittleness and shrinkage take place resulting in 
many problems when these capsules are placed in the capsule 
filling machines. By having the capsule filling operations in 
the lities as the empty capsule manufacturing, all of
the problems associated with the shipping and storage of empty 
capsules in hot, humid environments would be eli... aated.

ACDIMA - 35%
49%
16%

Foreign corporations 
Local investors -
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Granules and Powders

Since the same rigid requirements regarding temperature and 
humidity are necessary for this type of product and the same 
blending and granulating equipment is used for the "fill" of 
capsules, it is suggested that this type of manufacturing be 
included with the capsule filling.

Location

The plant should be located away from densely populated urban 
centres, preferably in satellite cities or smaller centres of 
population which can provide the labour force and be an 
attractive residential area for middle and senior management.

Personnel and electricity sources should be dependable.

There should be easy access for transportation e.g. goc<i 
roads, harbour, airport, river and canal systems.

Centres of higher learning e.g. technical schools and univer
sities nearby would be beneficial.

The marketplace should be readily accessible.

Size of Plant

Area - 140 x 80 meters or 11,200 square meters (121,000 square 
feet).

Height - 10 meters to permit mezzanine for gelatin tanks, cone 
blenders, etc. as well as services (air conditioning, water 
and electricity) to be installed under the roof and above false 
ceiling.

Land - 10 hectares (25 acres) which will allow 200% expansion 
comfortably.

Production Schedule

Please note that the process for making empty hard gelatin 
capsules is a 24 hour a day operation for approximately 330 
days per year (36 days for maintenance, shutdowns and checks).

Dosage Forms to be Manufactured

Empty capsule size 000
00 
0 
1 2
3
4

For veterinary and human use
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Size 5 is most difficult to manufacture. If the quantity 
of active ingredient is very small, e.g. 2 mg Diazepam, use 
No. 4 capsule and increase the "filler" material.

Natural plus 6 basic colours will give 720 colour combina
tions of tops and bottoms.

Initial Annual Units of Empty Gelatin Capsule.» (7 Sizes)

2,000,000,000 (8 ir '.chines producing 250,000,000 each).

Equipment Costs for Establishing an Empty Gelatin Capsule 
Operation_________________________________________  _____

Table 2 shows the costs of equipment required to set up such 
an operation.

Capital Costs for Support Services

Table 3 shows the capital costs for support services for an 
empty gelatin capsule operation, assuming that the support 
services are shared with a capsule filling, powders and 
effervescent granules operation. One-half of the costs of 
analytical laboratories, maintenance services (boilers, water 
purification, air conditioning, electricity, compressor, work
shop, solvent room, etc.), administrative offices, land and 
building is charged to ^he empty gelatin capsule manufacturing 
operation, and one-half to the remainder.

Total Capital Costs for Establishing ar. Empty Gelatin Capsule 
Operation____________

The summary of capital costs shown in Table 4 includes both 
the equipment costs and costs of support services.

Equipment Costs for a Capsule Filling and Powders and Effer- 
vescent Granules Formulation Operation______________________

Table 5 shows the capital costs of equipment required to set 
up such an operation.

Total Capital Costs for Establishing a Capsule Filling and 
Powders and Effervescent Granules Formulation Operation

The summary of capital costs shown in Table 6 includes both 
the equipment costs and costs of support services.

Total Capital Costs of an Integrated Empty Hard Gelatin Capsule 
Manufacturing, Capsule Filling, Powders and Effervescent 
Granules Formulation Facility___________________________ ______

"Tie overall capital costs for establishing an integrated 
facility for empty gelatin capsules, capsule filling and 
powders and effervescent granules are summarized in Table 7.
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Table ?. CAPITAL COST OF EQUIPMENT FOR MANUFACTURING SEVEN SIZES OF EMPTY GELATIN CAPSULES

AREA EQUIPMENT COST Ci~ ARAB COUNTRY IN IJ.S. DOLLARSOPERATION 8 EQUIPMENT fra2) 1979 1980 1981 1982 1983 1984 1985
Capsule Production - 8 Machines 
(250,000,000 capsules each). 
Each 4 machines and supporting 
equipment occupy an area of 
842 sq. meters. 1,685 2,380,000 2,860,000 3,220,000 3,703,000 4,258,500 4,897,200

1

5,645,300
Hot Gelatin Tanks in mezzanine 1,000 Included ' ve.
Inspection and Yield - Scoops, 
scales, etc. 100 6,800 8,000 9,200 10.600 12,200 14,000 16,100
Check Imprint - 4 Machines and 
conveyor tables. 400 44,200 52,000 59,800 68,800 79,100 90,900 104,600

SUB-TOTAL 2,185 2,431,000 2,860,000essssessss 3,289,000casassassa 3,782,400aaasssBBSB 4,349,700CBSSsasBBss 5,002,100saBEtaasssa 5,766,000■ m;;assi3sss

I
- 1 -I
I

1
I

4
f I

I



Tablñ ■ . CAPITAL COSTS TOH SUPPORT SP.RVICr.S FOU EMPTY C!l:LATIN CAPSULE MANUFACTURING

SUPPORT SERVICE
AREA
(m2) 1979

EQUIPMENT COST CIF ARAB 
1980 1981

COUNTRY IN 
1982

U.S. DOLLARS 
1983 1984 1985

* Analytical Laboratories: 
Instrumentation 100 127,500 150,000 172,500 198,400 228,100 262,400 301,700
Chemical/Physical 50 42,500 50,000 57,500 6 6 ,10 0 76,000 87,500 100,600
Microbiological 100 85,000 100,000 115,000 132,300 152,100 174,800 201,000
Animal Labs 50 21,300 25,000 28,800 33,100 38,000 43,700 50,300

SUB-TOTAL 300 276.300essteas 325,000assises 373.800sssssas 429,900B88fcSB8i 494,200SSSB8BS 568,400ISBSISS 653.600BBS 5 SBC

! * Boilers, water purification,
air conditioning, electricity, 
compressor, workshop, solvent
room. SUB-TOTAL OilOillAtt 462*500 550,000

SSBSttSS
632.500
S86SBS8

727,400
B BB SB SB

836,500
S688B88

96::,ooo
BS8B3SB

1,106,200 
BBS 8 B IS BBS

* Offices (Administrative) §§y 212 .0 0 0
BSSSSSS

250,000ssssssb 287,500
SSSCBBB

330,600
BSSSSSS

380,200
BSSSSSS

437,300
BSSSSSS

504,800
8 B S •• S S B

Quarantine Area:
Raw and packaging materials 300 42,500 50,000 57,500 66 ,10 0 77,000 87,500 100,600

Storage: Released raw materials 1 ,C00 42,500 50,000 57,500 66 ,10 0 77,000 87,500 100,600
Storage: Released packaging 

materials 2,000 85,000 100,000 115,000 132,300 152,000 174,800 201,000
Storage: Manufacturing and 

finished products
2,185

815 85,000 100,000 115,000 132,300 152,000 174,800 201,000

SUB-TOTAL 6,300 255,000 300,000ssssssb 345,000
SBBSBSB

396,800
B SB S B BB

458,000
BB BBS 88

524,600
SBBBSSS

603,200
8BBIISB8

* COST OF U N O  - 10 hectares 1* 191*300 225.000
SSSSSSS

258,800sssssas 297,600
8888888

342,200
8SBB8BS

393,500
BSSSSSS

452,600assisse
* COST OF BUILDING 11*200 2,142,000ssssassss 2,520,000

S8SSSS36B
2,898,000
BSBSS8SS8

3,332,700
888888888

3,832,600
8BRB8B8B8

4,407,500
B8S868BS8

5,068,600
BBSSBSSBSS

*One-half of these costs will be charged to the Empty Gelatin Capsule Manufacturing Facility and ono-half will be charged 
to the Capsule Filling and Powders and Effervescent Granules Manufacturing Facility. This division may be oversimplified 

j since each operation may require more of some of the support services than the other.
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Tabl<? 4. SUMMARY OF CAPITAL COSTS FOR ESTABLISHING AN EMPTY GELATIN CAPSULE OPERATION

COST IN U.S. DOLLARS
ITEM 1979 1980 1981 1982 1983 1984 1985

Cost of Land of total cost) 95,650 112,500 129,400 148,800 171,100 196,750 226,300

Cost of Building (*4 of total cost) 1,071,000 1,260,000 1,449,000 1,666,350 1,916,300 2,203,750 2,534,300
Cost of Manufacturing Equipment 2,431,000 2,860,000 3,289,000 3,782,400 4,349,700 5,002,100 5,766,000
Analytical Laboratories (*s of total cost) 138,150 162,500 186,900 214,950 247,100 284,200 326,800
Boilers, Hater Purification System, etc. 

(*i of total cost)
233,750 275,000 316,250 363,700 418,250 481,000 553,100

Offices Os of total cost) 106,000 125,000 143,750 165,300 190,100 218,650 252,400
Services and Equipping Areas for 
Quarantine: Raw and packaging materials; 
Storage: Released raw and packaging 
materials, and manufacturing and 
finished products. 255,000 300,000 345,000 396,800 458,000 524,600 603,200

TOTAL COST 4,330,550 5,095,000 5,859,300 6,738,300 7,750,550 8,911,050 10,262,100

l

I
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! Tab Le 5. CAPITAL CCST OF EQUIPMENT REQUIRED FOR CAPSULE FILLING AND POWDERS AND EFFERVESCENT GRANULES

1 m

FORMULATION
1
! AREA EQUIPMENT COST CIF ARAB COUNTRY IN U .S. DOLLARS

EQUIPMENT (m2) 1979 1980 1981 1982 1983 1984 1985
4 Zanasi AZ 60 60 391,000 460,000 529,000 608,400 699,600 804,500 925,200
2 Hofliger 6 Karg Model 288 20 170,000 200,00° 230.000 264,500 304,200 349,800 402,300

| 4 Parke Davis or Eli Lilly
■ 3 j 2 Double Cone Blenders, 40 ft

PK, with liquid injection

80 68,000 80,000 92,000 105,800 121,700 139,900 160,900

40 | 170,000 200,000 230,000 264,500 304,200 349,800 402,300
2 Double Cone Blenders, 20 ft3 

PK, with liquid injection 40 J
\

4 Quick Drying Granulators 
100 kg

' 2 High Speed Fitz Mills
40 ”1
io J

42,500 50,000 57,500 66,100 76,000 87,500 100,600

j 1 Ribbon Mixer 100 ft3 15 42,500 50,000 57,500 66,100 76,000 87,500 100,600
, 1 12-Compartment Drying Oven 20 12,800 15,000 17,300 19,800 22,800 26,200 30,200

2 Oscillator Granulators and 
i stainless steel trays 20 51,000 60,000 69,000 79,400 91,300 104,900 120,700

4 Cleaning Pans for capsules 40 27,200 32,000 36,800 42,300 48,700 56,000 64,400
1 Hobart 50 kg Mixer 5 6,000 7,000 8,100 9,300 10,600 12,200 14,100

)
1 200-lb. Wet Steam Jacketed 

'■ Kettle 10 3,400 4,000 4,600 5,300 6,100 7,000 8,ooq

SUB-TOTAL 400 984,400 1,158,000 1,331,800 1,531,500 1,761,200 2,025,300 2,329,300
i.

Weighing Room - Floor and table 
scales, tables, benches, scoops 

1 measuring containers, etc. 100 8,500 10,000 11,500 13,200 15,200 17,500 20,100
Clean Up Room 50 850 1,000 1,200 1,300 1,500 1,700 2,000
General - 2 electric hoists for 

loading blenders, etc.; misc.
| bins, containers, etc. 1 17.90C 21,000 24,200 27,800 31,900 36,700 42,200

TOTAL 550 1,011,650Bsssssrss 1^190^000 1,368,700
SSCCSCBC3

1.573,800ssseseara 1,809,800asasaassa 2.081,200aaasaaaaa 2,393,600srcsssasss

I
I

I
|VJ
U J0
1

V«
Ì

II
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Table b. SUKflARY OF CAPITAL COSTS FOR ESTABLISHING A CAPSULE FILLING AND POWDERS AND EFFERVESCENT GRANULES 
_____  FORMULATION OPERATION

ITEM 1979 1980
COST IN 

1981
U.S. DOLLARS 
1982 1983 1984 1985

Cost of Land (-i of total cost) 95,650 112,500 129,400 148,800 171,100 196,750 226,300
Cost of Building ('j of total cost) 1,071,000 1,260,000 1,449,000 1,666,350 1,916,300 2,203,750 2,534,300
Cost of Manufacturing Equipment 1,011,650 1,190,000 1,368,700 1,573,800 1,809,800 2,081,200 2,393,600
Analytical Laboratories (’s of total cost) 138,150 162,500 186,900 214,950 247,100 284,200 326,800
Boilers, Water Purification System, 

(¿i of total cost)
etc. 233,750 275,000 316,250 363,700 418,250 481,000 553,100

Offices (a of total cost) 106,000 125,000 143,750 165,300 190,100 218,650 252,400
Storage Shelves and Equipment for:

Raw Materials - Storage and Quarantine, 
1000 u . 8,500 10,000 11,500 13,200

1

15,200 17,500 20,100
Finished Products  ̂Storage and 
Quarantine, 1955 m . 8,500 10,000 11,500 13,200 15,200 17,500 o

1

TOTAL COST 2,673,200 3,145,000 3,617,000 4,159,300 4,783,050 5,500,550 6,326,700



T.iblb 7. TOTAL CAPITAL COSTS OF ESTABLISHING AN INTEGRATED FORMULATION FACILITY
FOR THE MANUFACTURE OF

EMPTY HARD GELATIN CAPSULES, FILLED HARD GELATIN CAPSULES, POWDERS 6 EFFERVESCENT GRANULES

COST IN U.S. DOLLARS
ITEM 1979 1980 1981 1982 1983 1984 1985

Cost of Land 191,300 225,000 258,800 297,600 342,200 393,500 452,600
Cost of Building 2,142,000 2,520,000 2,898,000 3,332,700 3,832,600 4,407,500 5,068,600
Cost of Manufacturing Equipment:

Empty Gelatin Capsules
Filled Capsules, Powders 5 Effervescent

2,431,000 2,860,000 3,289,000 3,782,400 4,349,700 5,002,100 5,766,000
Granules 1,011,650 1,190,000 1,368,700 1,573,800 1,809,800 2,081,200 2,293,600

Analytical Laboratories 276,300 325,000 373,800 429,900 494,200 568,400 653,600
Boilers, Water Purification System, Air

1
- ro

Conditioning, Electricity, Compressor, • <IJiv>
Workshop, Solvent Room, etc. 467,500. 550,000 632,500 727,400 836,500 962,000 1,106,200 i

Offices 212,000 250,000 287,500 330,600 380,200 437,300 £04,800
Services § Equipment for Storage Ç Quarantine

Areas : 1
Empty Gelatin Capsules
Filled Capsules, Powders § Effervescent

225,000 300,000 345,000 396,800 458,000 524,600 603,200
Granules 17,000 20,000 23,000 26,400 30,400 35,000 40,200

TOTAL COST 6,973,750 8,240,000 9,476,300 10,897,600 12,533,600 14,411,600 16,588,800 j

I

t

I



Formulation Plants: Human Pharmaceuticals without
Parenteral Operations_____________________________

The creation of pharmaceutical formulation plants throughout 
the Arab countries participating in ACDIMA presents, in our 
opinion, the greatest challenge to ACDIMA from the point of 
view of intelligent decision making and the deployment of 
management and financial resources. However the detailed 
statistical data from which the projections could be made 
regarding construction of formulating facilities and other 
phases of the ACDIMA projects were often incomplete, in a 
non-usable format, or non-existent. However after considerable 
thought and discussion among the experts, ACDIMA personnel, 
and health discipline professionals in the Arab World, it was 
decided to base projections on the total annual consumption 
of Egypt and Iraq multiplied by a factor of two. In the 
absence of firm data from Iraq and other participants of 
ACDIMA's Arab countries, the total consultation in Egypt was 
multiplied by a factor of three. Despite the enthusiasm with 
which the ACDIMA's partners, the Arab Council for Economic 
Unity, the UNIDO experts and ACDIMA's staff view the creation 
of pharmaceutical and industrially related enterprises, a 
word of caution should be sounded at this point.

Foreign corporations are becoming increasingly disenchanted 
with the transfer of teem j logy on a licensing or joint 
venture basis. Most foreign corporations are convinced that 
they cannot earn enough through licensing to recoup their 
capital costs in the joint ventures from the point of view 
of research and development of their products and their in
volvement in the joint project. Furthermore in their view, 
the legal systems in most countries are not strong enough to 
guarantee that their special "secret processes" will be pro
tected or that their licensing fees will be truly accounted 
for or easily repatriated in the currency of their choice.

Predicated on the fact that ACDIMA will be in a position to 
ensure that the rights of joint venture partners (both in and 
outside the Arab countries) will be protected and guaranteed, the 
following projections are made.

Corporate Mix Initially

ACDIMA - 60%
Foreign corporation - 20%
Local corporation - 10%
Local professionals - 10%
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Therapeutic Groups of Products to be Manufactured in ACDIMA's !
Model Formulation Plants which Do Not Contain Parenteral,
Capsule (Hard and Soft), Powders and Granules Operations_____  \

Analgesics, Antipyretics and Decongestants 
Antirheumatics
Antihistaminics and Antitussives 
Dennatologicals (Systemic and Topical)
Endocrine Drugs 
Gastrointestinais 
Oto-Rf .no-Laryngetics 
Pneumothoracics ^Pulmonary Drugs)
Vitamins, Single and Complex 
Vitamins and Minerals
Psychotrophics, Antianxiety Drugs (Neurosedatives) 
Hypnotics
Skeletal Muscle Relaxants 
‘Dental and Oral Hygiene Preparations 

“ Oral Hypoglycémies 
“ ‘Disinfectants and Germicides

Specialty Products under Special Licence

* This group of products have been included 
because after discussion with the relevant 
authorities in the field of dental hygiene in 
ACDIMA's Arab countries, it was realized that 
there is a strong potential market in dental 
care and caries prevention among school children.

“  We believe there is an extensive market for
such products as Chlorpropamide and Tolbutamide.

“ * We believe that surgical soaps, antirust cold
sterilizing solutions and disinfectants for use 
in doctors' offices, clinics and hospitals have 
a large potential market.

The actual profile of the pharmaceutical plant will be as 
follows:

Location

General criteria - Away from densely populated urban centres, 
preferably in satellite cities such as Sadat City in Mohan- 
dessin, Giza, or smaller centres of population which can 
provide the labour force and be an attractive residential area 
for employees, middle and senior management.
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Sources of good water and electricity should be dependable.

There should be easy access for transportation e.g. good roads, 
harbour, airport, river ?nd canal system.

Centres of higher learning e.g. technical schools, universities 
are beneficial.

It should be easily accessible to the intended marketplace.

Size of Plant

Area: 140 x 80 meters « 11,200 square meters (120,000
square feet).

Height: 10 meters (49 feet) to permit mezzanine for liquid
holding tanks, services (air conditioning, water and 
electricity) to be installed immediately under roof 
and between false ceiling and front office.

Land: 10 hectares (24.7 acres) which will allow for over
200% expansion comfortably.

Dosage Forms and Units to be Manufactured

The types of dosage forms to be manufactured and the initial 
annual units to be produced based on one 8 hour shift, 12 months 
a yeaT are shown in TABLE 8.

The building and equipment outlined above and in TABLES 8. 9 and 
10 is capable of increasing its capacity by 2S% after 2 years 
of full operation and by an additional 2S% within a further 3 
years. If a second shift is instituted in this plant, the 
plant capacity could be increased an additional 50%. In other 
words, within 5 years of operation, 2 shift production of each 
group of product should have increased 2.5 times the first 
year's production.

Please note that the other dosage forms, viz. large volume 
parenterals, small volume parenterals, hard gelatin and soft 
gelatin capsules which will be manufactured in the other spe
cialty plants will be brought in to this plant in bulk (in the 
case of capsules) for testing and packaging into final dosage 
form and labelling under ACDIMA's label, while the LVP’s and 
SVP's will be brought in their labelled (ACDIMA's labels) final 
dosage form for testing and distribution to ACDIMA's customers.
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Table b. CAPITAL COST OP EQUIPMENT PGR FORMULATION PLANT OF DOSAGE FORMS 
________________(Without Parenteral’s, Capsules, Powders and Granules)______

DOSAGE FORM
INITIAL ANNUAL 

UNITS
AREA
(m2) 1979

EQUIPMENT COST CIF ARAB 
1980 1981

COUNTRY IN 
1982

U.S. DOLLARS 
1983 1984 1985 •

TABLETS
Compressed 300,000,000 450 323,900 381,000 438,200 503,900 579,500 666,400 766,300Sugar Coated _
Enteiic Coated- 100,000,000 250 85,000 100,000 115,000 132,300 152,100 174,900 201,100Film Coated _
Granulation Area (Portable 450 143,700 169,000 194,400 223,500 257,000 295,600 339,900
Clean Up Area Steam Gene- 200 21,300 25,000 28,800 33,100 38,000 43,700 50,300
Packaging Area rators, Air 800 153,000 180,000 207,000 238,100 273,800 314,800 362,000

Compressors)
LIQUIDS
Syrups
Suspensions 200,000 litres
Non Sterile Drops 2 x 500 153,000 180,000 207,000 238,100 273,800 314,800 362,000
Disinfectants
Liquid Surgical
Soap 200,000 litres 1

Cold Sterilizing --------'
Solutions o

Clean Up Area 200 21,300 25,000 28,800 33,100 38,000 43,700 50,300 1
Packaging Area 300 127,500 150,000 172,500 198,400 228,100 262,400 301,700

OINTMENTS 8 CREAMS
Topical Therapeutic 75,000 k g 1 300 117,300 138,000 158,700 182,500 209,900 241,400 277,600Topical Cosmetic 75,000 kg 1
(Includes Packaging
8 Mezzanine)

SUPPOSITORIES
““1Adult (Includes 5,000,000 100 25,500 30,000 34,500 39,700 45,600 52,500 60,300Infant Packaging) 5,000,000 _|

WEIGH UP AREA 400 12,800 15,000 17,300 19,800 22,800 26,200 30,200

TOTAL 4 450 1,184,300 1,393,000 1,602,200 1,842,500 2,118,600 2,436,400 2,801,700
s :ssas BaBS&sssa BBsasssaa aassassass BBaceDBOB BBBScassx Bsacsnasa ss s sa a ss s

t
\

J
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j Table 4. CAPITAL COST OF SUPPORT SERVICES FOR GENERAL FORMULATION PLANT
| ________________ (Without Parenterals, Capsules, Powders and Granules)_____

SUPPORT SERVICE
AREA
(in2) 1979

EQUIPMENT
1980

ANALYTICAL LABORATORIES
Instrumentation 100 127,500 150,000
Chemical, Physical 50 42,500 50,000
Microbiological 100 85,000 100,000
Animal Laboratories 100 85,000 100,000

Health '.'nit 50 21,300 25,000

Boiler, Water Purification,
Air Conditioning, Electricity, 
Compressors, and Workshops 500 467,500 550,000

Quarantine Area: Raw and
Packaging Materials 300 42,500 50,000

Storage: Released Raw Materials
1,000 42,500 50,000

Storage: Released Packaging
Materials 2,000 42,500 50,000

Storage: Finished Product,
3 Month Inventory 3,000 85,000 100,000

Offices (Administrative)
Includes Mezzanine 550 225,000 250,000

TOTAL 7,750 1,266,300 1,475,000BBsss ssesssssa sssss&sss

COST CIF ARAB COUNTRY IN U.S. DOLLARS
1981 1982 1933 1984 1985

172,500
57,500
115.000
115.000

198,400
66,100
132.300
132.300

228,100
76,000
152.100
152.100

262,400
87,500
174.900
174.900

301,700 ■ 
100,600 ' 
201,100 
201,100

28,800 33,100 38,000 43,700 50,300

632,500 727,400 836,500 962,000 1,106,200
1

57,500 66,100 76,000 87,500 100,600
\

57,500 66,100 76,000 87,500 100,600' '

57,500 66,100 76,000 87,500 100,600

115,000 132,300 152,100 174,900 201,100
\

287,500 3:0,600 380,200 437,300 502,800 j

1,696,300aasasaaaa 1,950,800B8SSSBRSS 2,243,100B2SOZ3S8B 2,580,1003BB8B3SS8
i

2,966,700 ?Bscsssaaa *

1
I
I

i
I



Table 10. SUMMARY OF CAPITAL COSTS FOR ESTABLISHING A GENERAL FORMULATION PLANT

(Without Parenterals, Capsules, Powders 6 Granules)

COST IN U.S. DOLLARS
ITEM 1979 1980 1981 1982 1983 1984 19 8 5

Cost of Land 191,300 225,000 258,800 297,600 342,200 393,500 452,500

Cost of Building 2,142,000 2,520,000 2,898,000 3,332,700 3,832,600 4,407,500 5,068,600 ;

Cost of Manufacturing Equipment 
Tablets 726,9C0 855,000 983,400 1,130,900 1,300,400 1,495,400 1,719,600 '
Liquids 301,800 355,000 408,300 469,600 539,900 620,900 714,000 ‘
Ointments and Creams 117,300 138,000 158,700 182,500 209,900 241,400 277,600
Suppositories 25,500 30,000 34,500 39,700 45,600 52,500 60,300
Weigh Up Area 12,800 15,000 17,300 19,800 22,800 26,200 30,200 ,

Analytical Laboratories 340,000 400,000 460,000 ',100 608,300 699,700 804,500 \ Í

Health Unit 21,300 25,000 28,800 33,100 38,000 43,700 50,300 f

Boiler, Water Purification, Air Condi
tioning, Electricity, Compressors, and 
Workshops 467,500 550,000 632,500 727,400 836,500 962,000 1,106,200

Quarantine and Storage Areas 212,500 250,000 287,500 330,600 380,100 437,400 502,900

Offices 225,000 250,000 287,500 330,600 380,200 437,300 502,600 :

TOTAL 4,783,900 5,613,000 6,455,300 7,423,600 8,536,500 9,817,500
!

11,289,500 j

i tI
Ji



3 .S .5 Animal Feed and V eter in a ry  Prem ixes P la n ts
3.5.6 Veterinary Pharmaceuticals Formulation Plants

It is recommended that the same basic plant layouts and 
cost projections used in the human manufacturing Cwithout 
parenterals) operations in the preceding monograph be applied 
to an animal feed and veterinary prsmixes plant and a 
veterinary pharmaceuticals formulation plant.

These comments are offered as a complement to the report of 
our colleague, Mr. N. Davidson, on a veterinary formulation 
and packaging operation.

3.5.7 Veterinary Biologicals Laboratories

Recommendations relative to the manufacturing facility required 
for this group of pharmaceutical products will be left to 
designated experts in the field of virology, bacteriology and 
immunology.

However, some suggestions will be made relative to their 
location on the basis of observations of the operations of 
some vaccine producing facilities in the Arab countries.

3.5.8 Packaging and Labelling from Bulk Product

It is recognized that there are some areas in the Arab countries, 
where it would not be feasible to construct a formulation 
plant because of small populations, current lack of technology, 
difficulty of accessibility to other parts of the Arab countries 
etc. However, a case could be presented for the establishment 
of facilities for packaging and labelling from bulk finished 
product.

After an indepth study is made ACDIMA could decide on the 
required complexity of the operations and by extracting the 
pertinent costs and projections from those given in Section 
3.5.4 for the general formulation plant, arrive at a close 
approximation of establishing these plants.

However from the data available and the geographical confi
guration of the Arab countries, suggestions will be made under 
Section 4.5.8 relative to the location of this type of facility.

3.5.9 Crop Chemicals 

ï.5.10 Medical Devices

The preceding p ro je c t monograph* have dea lt with the k irs t  
кедАоп outlined in  Section 1.4 ал to  why ACDIMA should 
engage in  jo in t  venture*; " The A cqu is ition Mew Technology'1. 
The nationale ion. the other re jucrs  ion АСОША'* jo in t  
ventane p a rtic ipa tion  are now pneiented in  Section* 3 6 3 7 
3.S, and 3.9. ' * '



The A c q u is it io n  o f  Management S k i l l s

It is clearly recognized that the most critical factor to ACDIMA’s 
long term successful achievements is acquiring those technical and 
managerial human resources needed to operate their projects.

It is strongly recommended that ACDIMA immediately seek to form a 
joint venture with an international management consultant firm to 
acquire much needed management capabilities and access to vital 
technological resources around the world.

Modus Operandi

ACDIMAshould invite proposals from management consulting firms 
around the World to form a joint venture with ACDIMA to perform the 
following services for operational divisions of ACDIMA on a short 
term basis. On a long term basis the same services would be supplied 
to other business organizations formed under the auspices of the 
Council of Arab Economic Unity. For a fee the joint venture Manage
ment Consulting Corporation would supply to the joint venture processing 
corporations the following services:

j.6.1 Consulting Preliminary Engineering and Economic Services

Pre-feasibility studies.
Feasibility studies.
Site evaluation.
Building design and planning.
Environmental control systems.
Material handling and distribution studies.
Assessment of the pros and cons of fixed priced - lump sum 
contracts.

3.6.2 Project Management Services 

Engineering.
Planning and scheduling.
Estimating and erst control.
Procurement services.
Construction and construction management.
Equipment installation and start up operation.
Design of training programmes.



The Management S tru c tu res  fo r  ACDIMA Form ulation P la n ts

The management systems for ACDIMA's formulation plants 
should follow internationally accepted management systems 
whereby policy and long term planning in each formulating 
plant is the function of the Chief Executive Officer and 
his senior executives based on guidelines or instructions 
issued by ACDIMA.

The implementation of the policy and operational plans are 
delegated tc middle management who will oversee the day to 
day execution of the organisation's plans by the supervisors 
and workers.

Appendix x indicates the line authority from the chief 
executive officer (President or General Manager) to his 
first line management (Vice-Presidents or Directors or 
Assistant General Managers) through to the production, main
tenance, plant, regional sales, personnel, office and 
financial managers. The titles given in Appendices 15, Id 
and 19 are self-explanatory.

Appendix XI outlines the line quthority of the Vice-President 
or Director of Quality Control and Research.

Appendix XII indicates the structure of the line authority of 
the Vice-President (or Assistant General Manager), Operations, 
reporting to the President or General Manager.

Appendix XIII indicates the Marketing division line 
authority.

The VP's or AGEM's whose units are outlined in the above 
appendices will form an Administrative Advisory Committee 
to assist the Chief Executive Officer in executing the 
policies handed down by the Chairman of the Board of ACDIMA.



The Acquisition of Financial Direction and Support

This is the third factor listed for joint ventures involving such 
corporations as ACDIMA and financial institutions. It is noted that 
apart froir. an administrative manager on the staff of ACDIMA and a 
member of the Board of Directors of ACDIMA who is an Assistant 
Deputy Minister of Finance of his government there appears presently 
to be r.o person or authority directly connected with ACDIMA who is 
in a position to advise the Board of Directors or the General Manager 
routinely 0:1 the complexities of the financial aspects of joint 
ventures and international investments.

In addition although ACDIMA may have access to very significant 
funds for investment in its projects, it is conceivable that ACDIMA 
at some time in the future may have to seek additional funds over 
and above its available subscribed capital because of the magnitude 
of the fiscal demands as various pharmaceutical projects are initiated.

it is therefore of primary importance that ACDIMA strengthens its 
financial advisory resources immediately.

Modus Operandi

ACDIMA*s Board of Directors should immediately consider the proposal 
to invite Arab and/or international banks to participate in a minority 
equity participation in ACDIMA. It may not be necessary for these 
financial institutions to contribute actual dollars immediately. 
Instead we see the participating banking institution contributions as 
follows:

- Providing a "line of credit" if and when the magnitude of 
ACDIMA's projects exceeds the corporation's capital.

- Assessment of the financial validity of project forecasts.

- Advising on the establishment of accounting systems and 
procedures for ACDIMA's projects.

- Provision of independent auditing facilities of operational 
proj ects.

- Provision on a shore term basis from their own resources, 
personnel for interim financial management or to initiate 
or monitor accounting procedures, and assistance ir. the 
training of permanent financial and accounting personnel 
for ACDIMA's projects.

- Advising on long term planning and budgeting.

- Assessment of financial status and credibility of potential 
joint venture partners.



ACDIMA should invite the financial institutions of choice to put 
forward proposals concerning the ways in which the institutions and 
ACDIMA could work together for their mutual benefit.

When an agreement was reached regarding the terms and conditions of 
this joint venture the financial iastitution(s) would nominate 
(subject to ACDIMA's Board approval) two Directors to the Board as 
ex officio members. These Directors would have voting privileges 
only on financial matters concerning the utilisation of any financial 
resources required from their institutions.

All services rendered by these institutions would of course be on a fee 
basis payable by ACDIMA or its subsidiary corporations where applicable.



The Desire to Share the Inherent Risks of a New Venture

The fourth factor for joint ventures is the desire to share the 
inherent risks and benefits of new ventures. One of the principal 
objectives of ACDIMA is to engage in scientific research. Since 
this activity involves high risk on the return on investment of capital 
dollars, it is recommended that ACDIMA undertake joint ventures in 
this field.

Modus Operandi

ACDIMA through its office of scientific research and in collaboration 
with Arab countries ¿r.r. repuiible international researchers vcu_d iier.ti: 
such areas of scientific research in the field of pharmaceutical syn
thesis, fermentation, bioengineering (especially as this discipline 
applies to medical appliances) and applied pharmacological and clinical 
studies which are relevant to the socio-economic well being in the Arab 
countries and form joint ventures in research with internationally known 
research institutes such as the Stanford Research Institute, the 
National Research Institute of Canada, etc. to proceed along carefully 
planned paths of scientific research, e.g. in tropical parasitology, 
diseases of the eye, carcinogenisis, etc.

A formula could easily be worked out for the licencing of any product 
entity arising cut of this research and the sharing of accrued financial 
gains.

The Corporate Mix Initially

ACDIMA
International Research Institute 
Academic

50%
40%
10%



.9 The Purchase of Controlling Interests in Other Corporations

This activity is highly recommended to ACDIMA to permit access to 
readily available technology and markets.

Modus Operandi

ACDIMA arter establishing its order of priorities in the master 
marketing plan should offer, through discreet advertisements in 
international financial publications, confidential communications with 
the investment departments of international banking institutions inside 
and outside the Arab retries *nd subsequently through. ACDIMA appeanoed 
foreign representatives, to acquire major equity control of viably 
sound existing operating manufacturing companies.

There are many small and intermediate sized corporations which are 
prepared to surrender majority control because of the death ot the 
majority shareholder; the lack of capital for expansion; the shrinkage 
of sales through unimaginative marketing policies or aggressive compe
tition from larger corporations; unwise capital investment-for carelessly 
researched building expansion, etc.

Acquisition of this type of company is strongly recommended in the 
field of:

- Human and veterinar> pharmaceutical formulation plants.
- Veterinary feed mix plants.
- Crop chemical plants.
- Chemical synthesis plants.
- Specialized medical appliance operations.

It is not recommended that these plants be dismantled and moved to 
sites within the Arab countries for one followvrg reason:

- A break in the continuity of production.
- The loss of key personnel who may not wish to relocate in the 
Arab ccunories for personal reasons.

- Damage to equipment while in transit.
- Capital costs to adapt equipment to local power and environ
mental requirements.

These acquisitions by ACDIMA could supply ready sources of bulk and 
finished product for distribution under ACDIMA's label. The pricing 
would be competitive with corporations shipping bulk and finished 
product into the Arab countries, again ACDIMA could sake local ar ,'arge- 
ments for the packaging and finishing of these goods supplied from 
their foreign acquisitions.

Corporate Mix Initially

ACDIMA 51-60%*
Foreign Corporations 49-40%

•Unless majority control prevented by local corporation laws.



Summary o f  F ind ings

4.1.1 The indepth marketing, social and economic data were not 
available in the Arab countries or froc other sources to perr-i 
accurate numberical projections of the numbers and types of 
formulation plants which should be constructed or their 
locations, in order to achieve ACDIMA's objective of 
ensuring that the Arab countries he as self-sustaining ¿5  
possible in the health products field.

4.1.2 Vital requirements, namely highly skilled multi-disciplined 
professionals, management expertise and other infrastructures 
do not exist currently in the Arab countries to support an 
immediate massive expansion of the pharmaceutical formulation 
industry.

4.1.3 The current management of ACDIMA with the exception of the 
Chairman of the Board and Managiu;; Director does not have 
the broad experience in business and government necessary to 
oversee the simultaneous implementation of multi-product 
formulation plants as part of a totally integrated pharma
ceutical production complex without substantial short term 
expatriate managment assistance at all levels of ACDIMA.

4.1.4 The location of new plants should be complementary to 
improving existing plants as recommended in other parts of 
this report. The simplified map in Figure 1 illustrates 
the location of present formulation plants and summarizes 
the recommendations for the locations of the proposed ACDIMA 
plants.
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Summary o f  Short Term Recommendations4. 2

4.2.1 The production of the present facilities should be improved 
so that the average production of all pharmaceutical plants 
in the Arab countries a-;srsje iUS ¿5,000,000.

4.2.2 Until an indepth Pan Arab marketing study is made, and 
because of immediate needs, ACDIMA should embark on feasibility 
studies to establish one model for each type of formulation 
plant outlined below in the following suggested geographical 
areas:

Soft gelatin capsules formulation plants Kuwait

Parenteral products (human and veterinary) 
plant

Hard gelatin capsules, capsule filling, 
powders and effervescent granules formulation 
plant

Formulation plant: Human phaimaceuticals
(without parenteral operations)

Animal feed and veterinary premix plants

Veterinary pharmaceuticals formulation plant

Veterinary biologicals laboratories

Facility for packaging and labelling from 
bulk finished product

Egypt (Near
Cairo or Alexandria)

Saudi Arabia

Libyan Arab 
Jamahiriya

Sudan and Iraq

Egypt (Assuit)

Iraq and Sudan

United Arab Emirates
Qatar
PDR Yemen

4.3 Long Term Recommendations

No long terra recommendations will be made in this report. Long term 
recommendations for further plant location can only be based on 
indepth studies throughout the Arab countries.



4 .4  D isc u ss io n  o f  F ind ings

Despite exhaustive research and repeated requests from the industry 
for recent production figures in the form of dosage units 

pusscicnnuire w&s sen' to ¿11 Egyptian formulation 
plants and distributed to ACDIMA board members representing other 
Arab Countries without a single response) no such data were provided. 
Instead it was suggested by the Arab professionals "hat the 
latest (1975) dollar volume of pharmaceuticals produced in the Arab 
countries (with an estimated 155» increase in production per year to 'yzp'j 
be used as a basis for estimating the number of formulation plants 
needed to make the Arab countries self reliant.
From discussions with government officials, representatives of the 
Council of Arab Economic Council and senior executives of the pharma
ceutical companies visited, it appeared that the average annual 
production dollar volume of a formulation plant in Egypt was 
$US 15.5 million.

On a projection that consumption of drugs in the Arab countries would 
increase on an average of 155 per annum and therefore production should 
increase in a similar percentage it appeared that from a base of 
$US 786 million in 1975 through $US 1,581 million in 1981, the $US 
production of pharmaceuticals would reach JUS 3,180 million in 1985.

To meet 100% of these consumption needs (or production 
would require (on a directly proportional mathematical 
following numbers of formulation plants each producing 
million.

expectations) 
projection) the 
$US 15.5

In the year 1975 - 50.7 plants;
1980 - 102.0 plants;
1985 - 205.2 plants.

However as can be seen from data in Table 11, if the formulation 
plants could have been made to produce an annual average of $US 25 
million in pharmaceuticals theoretically 100% of the consumption needs 
of the Arab countries would have been (or would be) met with the 
following numbers of plants:

In the year 1975 - 31.4 plants;
1980 - 63.2 plants;
1985 - 127.2 plants.

In actual fact based on the data presented to the team, the 
formulation plants in the Arab countries currently produce of the 
products copsumed locally. On the basis of this statistic let us 
look at the 1977 projections in Table 11 . Using the annual 
average production of $US 15.5 million in theory it would have taken
67.1 plants to produce locally 100% of the Arab -ouatnes* consumption m  
the year 1977. However, if the annual production could have been Taised



Table 11. PROJECTIONS OP ANNUAL $US PRODUCTION IN MILLIONS 1975-1985 AND THE 
NUMBERS OF FORMULATION PLANTS REQUIRED TO ACCOMPLISH THIS PRODUCTION

Section Item 1975* 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

1 Annual Production in the
Arab countries - in $US 786 904 1040 1196 1375 1581 1818 2091 2404 2765 3180

2
Million
No. of Formulation Plants 
Producing $US 15.5 Million** 
per Annum to Satisfy Arab
Countries' Requirements 10 0$ 50.7 58.3 67.1 77.2 £8.7 102.0 117.3 134.9 155.0 178.4 205.

3 No. of Formulation Plants 
Producing $US 25 Million 
per Annum to Satisfy Arab
Countries Requirements 100$ 31.4 36.2 41.6 47.8 55.0 63.2 72.7 83.6 96.2 110.6 127.

4 No. of Formulation Plants 
Producing $US 35 Million 
per Annum to Satisfy Arab
Countries Requirements 100$ 22.5 25.8 29.7 34.2 39.3 45.2 52.0 59.7 68.7 79.0 91.0

•Updated Report on "Arab Pharmaceutical Consumption and Industries", p. 12. 

••The average production in $US of the 10 Egyptian formulation plants.



to $US 25 million (instead of $US 15.5 million), the number of plants 
required would have been 41.6.

Interestingly enough, from data gathered from various sources it 
would appear that there are approximately 39 formulation plants now 
producing pharmaceuticals in the Arab : rar.-r.-i3 ( see appendi;; JIT} .
“hit is, approziu-nely ferrule-ion. plum with an annual production
of JUS '3-5 million each are responsible for — $ of che cu_ reno Arac 
countries1 production/ bensunpnon.
However if the present operating plants (39) in 1977 could have raised 
their average production to $US 25 million then the annual production 
for that year would have been approximately $US 975 million or almost 
94% of total local requirements.

From a review of Table 11, it would appear that if the average 
pharmaceutical plant could have increased its production to JUS 
35 million the current requirements of the Arab countries nay hare been 
exceeded with the probability of available products for export.

However in view of the current shortage of expertise in the Arab
countries a formulation plant assigned :c produce JUS 55 million appears 
to be rather impractical.
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4.5 Detailed Short Term Recommendations

In view of the foregoing stateme. t it seems of paramount importance 
that a very high order of priority should be given to the creation of 
double shifts in the present drug companies so that the formulation 
plants producing an average of SUS 15.5 million can in the short 
term increase its production by $US 9.5 million (or 61.3« of average 
current production) to $US 25 million. Therefore each of the present 
39 formulation plants can be producing as soon as possible $US 25 
million for a grand annual total of $US 975 million. If this improve
ment in production can be achieved by the present plants in 1979 then 
they would have achieved 70% of the production projected 
for 1979.

Ke do not believe that the foregoing mathematical projections can 
take the place of indepth marketing and plant productivity studies to 
establish Pan Arab pharmaceutical needs to 1985. In addition it is 
crucial that every effort should be made to gather meaningful 
statistics of past production figures as well as present ones and to 
establish an integrated system of data retrieval relative to production 
and consumption of pharmaceuticals so that realistic projections can 
be made concerning the location and types of formulation plants which 
will be needed in the future.

However on the basis of the meagre statistics available and the known 
lack of certain pharmaceutical products in the Arab countries it is 
recommended that feasibility studies be initiated to assess the 
viability of establishing the following plants i;>. the stated geographi
cal regions.

4.5.1 Large Volume and Small Volume Parenteral Plant

The reasons for establishing a separate plant for these 
dosage forms have been given in a preceding section and will 
not be repeated here.

Location

It is recommended that this plant be located near Cairo or 
Alexandria in Egypt.

Rationale

The sites were selected for the following reasons:

a. The existence already of the very sophisticated technology 
necessary to produce satisfactory products.

b. The presence in Egypt of many international corporations 
which have licensed Egyptian firms to produce their 
pharmaceutically advanced products and whose continuously



Formulation Plant (Without Parenteral or Capsule Manufacturing 
Operations) ’____________________________________________

Location

It is recommended, that this plant be located near Tripoli in 
Libyan Arab Jamaniriys..

Rationale

a. Since over 90% of the raw and packaging materials currently 
used in the manufacture of pharmaceuticals in the Arab 
countries are imported into the region, the strategic location 
of Tripoli cannot be ignored. In addition the shipping of 
finished product to other Arab countries is easily 
facilitated by using the shipping lanes of the Eastern 
Mediterranean, Red ai.d Arabian Seas and the Persian Gulf.

a. Again because of the location of the Libyan Arab Jamahiriya 
a formulation plant located in this area can readily draw on 
the technology of Europe as well as of the Arab countries. 
Currently the Libyan Arab Jamahiriya draws heavily on foreign 
sources for its skilled manpower. About 10$ of the work force 
are from outside the country, especially from Arab countries 
with Egypt being by far the greatest contributor of techno
logists.

The entire economy is based on the oil industry which is 
not labour intensive. The Libyan Arab Jamahiriya should be 
encouraged to broaden its industry base by the introduction 
of laoour intensive industries such as pharmaceutical manu
facturing, and through the use of short-term expatriate 
expertise establish the necessary infrastructure to operate 
labour-intensive industries.

c. The Libyan go/emment is actively planning the building of 
a formulation plant in Tripoli and this would be an ideal 
opportunity for ACDIMA to offer to participate in its 
planning and execution.

d. The Libyan Arab Jamahiriya abuts geographically on Egypt 
and the Sudan which as 3tated previously represent over 
66$ of the Arab consumers.

e. The presence of abundant energy and other natural resources 
necessary for the production of pharmaceuticals.



Hard Gelatin Capsule, Powders and Effervescent Granules 
Formulation Plant

Location

It is recommended that this operation be initiated in Saudi 
Arabia near the port of Jeddah.

Rationale

a. The production of empty and filled hard gelatin capsules 
is one of the most mechanized production operations in 
drug manufacturing. If the recommendations for the manu
facturing of empty hard gelatin capsules are reviewed it 
will be seen that a group of 5-6 skilled technicians per 
shift can operate a "bank" of four capsule making machines 
each capable of manufacturing 250 million capsules a year. 
In other words, 6 persons in one 8 hour shift for 330 days 
in one year can manufacture approximately 80 million 
capsules.

b. Similarly one operator using a Zanasi AZ 60 machine can 
fill approximately 1000 capsules a minute, 60,000 capsules 
an hour or 400,000 capsules in an 8 hour shift (allowing 
off time for meals, etc.)

c. The making of powders and effervescent granules are also 
highly mechanized blending and packaging operations.

Because of the high degree of mechanization involved 
placing this industry in a densely populated country will 
not contribute significantly to reduction of unemployment.

d. This industry requires considerable amounts of power, 
absolute reliability of Dower supply and critical tolerances 
in raw* material, equipment and environment controls 
(temperature, humidity, etc.)

Saudi Arabia appears to have the necessary power require
ments .

e. Located near Jeddah raw materials can be readily received 
and the finished product readily accessible to Egypt and

• the Sudan (containing the bulk of the Arab population) 
across the Red Sea, and through common borders, the Persian 
Gulf, and the Arabian, Red and Mediterranean Seas easily 
accessible to the other Arab countries.

f. Technologists can be brought in from Egypt and Europe on 
short term consultancies until Saudi technicians are trained.

g. Since water requirements are extremely minimal in this type 
of plant, the high cost of producing potable water in Saudi 
Arabia is not a serious déterrant.



improving technology and product research can be drawn 
upon (through joint venture arrangements) to aid signifi
cantly in the establishment of a modem model plant with 
the highest standards of GMP.

c. The presence of some of the most sophisticated Arab 
organizations for higher education in the health and 
scientific supportive disciplines e.g. pharmacy, chemisty, 
engineering, microbiology, etc.

d. Large volumes of fair quality water which can be easily 
treated to produce the highest grade of water for injection.

e. The existence of base industries in glass, polyvinyl chloride 
polypropylene and other polymer producing industries to 
provide containers.

f. As the "hub" of the Arab countries, ĉ n readily expert 
finished product overland and through Mediterranean and 
Red Seas to every ArAc country. Similarly 
importation of the very complex and costly equipment and 
materials used in the manufacturing of these products can 
be readily brought in through Alexandria or Port Suez.

g. Egypt and its immediate neighboour to the South, the Sudan, 
account for approximately 66% of the population of the
Arab countries and are therefore significantly susoectioie to 
the diseases whi'-h are treated by parenteral drugs. This 
type of operation because of its high transportation costs 
should be located as near as possible to its potential 
"market place".

¥ok a ge.ogfia.pkLc. depLciLon o& the above, pi&a&e ¿ee 
>xo.p, on page 2 9 7 .



4 Soft Gelatin Capsule Formulation Plant

Location

It is recommended that the state of Kuwait be the location of 
this operation.

Rationale

a. See rationale (a) in the preceding section on Hard Gelatin 
Capsule, Powders and Effervescent Granules Formulation Plant.

b. See rationale (c) in the same preceding section 4.S.3.

c. See rationale (d) in section 4.5.3 concerning the similar 
availability of power requirements.

d. By means of the availability of excellent air, sea and land 
transportation goods manufactured in Kuwait have easy 
access to the other Arab countries. Because of the unit 
size of soft gelatin capsules large quantities can be 
packaged 3rd air-freighted very economically.
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Animal Feed and Veterinary Preaix Formulation Planes

Location

Because of the large animal population in the Arab =r.i
the abundance of basic raw materials available, it is 
recommended that two plants be built simulataneously with 
ACDIMA participating in the equity of each but with different 
expatriate corporations for each plant. One manufacturing 
operation should be located in Central Sudan, the second in 
Iraq.

Rationale

a. The presence of huge quantities of molasses and by-products 
from crops such as sorghum, millet, wheat, rice, groundnuts, 
sesame, and cottonseed in the Sudan and Egypt, and the by
products of the date fruit and the petrochemical industries 
in Iraq provide the major ingredients for the proposed 
Animal Feed/Veterinary Premixes and Pharmaceuticals 
Formulation plants.

b. From data provided by ACDIMA's Arab Pharmaceutical Consump
tion and Industries - A Brief Report, Livestock and 
Veterinary Pharmaceuticals Section, page 9 (reproduced
is ipper.ii;: XV, it will be shown that o? the
Arab nationa participating in ACDIMA, Iraq, the Sudan and
Egypt are the largest meat producers.

Egypt is the largest producer of cattle and poultry and the 
second largest producer of sheep, goats and other types of 
livestock. The Sudan is the largest producer of sheep and 
goats and the second largest producer of cattle and other 
kinds of livestock and the third largest producer of poultry. 
Iraq is a very significant producer of cattle, sheep, goats, 
poultry and other types of livestock. Therefore the 
proposed plants would be located in areas of greatest live
stock activity. (Please see appendix XVI)

c. The presence of highly skilled veterinary medicine labora
tories and faculties of animal husbandry in these countries 
viz. The Veterinary Laboratory and Research Institute at 
Aboughrab, Iraq; The Faculty of Animal Husbandry at Assuit, 
Egypt; and the State Veterinary Biological Laboratories in 
the Sudan.

d. The strategic location of these two countries would 
permit the marketing and distribution of products to other 
Arab countries.

e. The countries selected have the largest areas of arable 
land and therefore the potential to produce in the future 
large quantities of basic animal feeds and significantly 
increased numbers of every type of livestock.



V eter in a ry  Pharm aceuticals Form ulation P lan t

Location 

Assuit, Egypt.

Rationale

a. The location of an extensive and largely underdeveloped 
branch of the Chemical Industries Development Co. (C.I.D.) 
with excellent land and building areas for developing and 
expanding a veterinary pharmaceutical formulation plant.

b. The presence of an excellent Faculty of Agriculture and 
Animal Husbandry at Assuit Un_ /ersity with imaginative, 
innovative scientists in the applied, agricultural and 
veterinary sciences to supply (1) the technology required, 
and (2) testing and research facilities.

c. The very good location of Assuit vis a vis the Sudan and 
the Nile Valley where some of the largest animal populations 
of the Arab countries e^ist.

d. Easy means of transportation by road, rail, water and air 
between Assuit, Luxor and Cairo permit the easy entry of 
raw materials to ~he plant site and the shipping of 
finished products.



V eter in ary  B io lo g ic a ls  L ab oratories

Location

It is recommended that ACDIMA, through participation with 
the government departments concerned and the collaboration 
with expatriate expertise assist in developing and expanding 
the present facilities in Iraq and the Sudan.

Rationale

a. The present existence of basically well structured 
producing laboratories for veterinary vaccines in the 
Sudan and Iraq (see Section 4.5.5 c) will provide 
excellent foundations.

b. Large animal populations in these countries and neighboring 
territories provide an easibly accessib] . market.

c. The availability of highly skilled technologists in the 
Arab countries in this discipline will ce invaluable.

d. Short and long term projects of the respective governments 
indicate that planned expansion of existing laboratories 
in the Sudan and Iraq enjoy a high priority. ACDIMA 
should approach tnese governments to offer participation 
to ensure that consideration is given to the greater needs 
of the Arab countries as opposed to the narrower reouirenent 
of the individual countries concerned.



Facilities for Packaging and Labelling from Bulk Finished 
Product

Location

Undoubtedly further studies will indicate additional areas 
where this type of operation can be located, however it is 
suggested that the initial small packaging and labelling 
operations be established in Abu Dhabi, United Arab Emirates; 
Qatar; and Democratic Yemen. Ho attempt has been made to 
It rate these facilities on the nap on page '■’97.

Rationale

a. The location of Abu Dhabi and the related Emirates States 
Dubai, Shariah, Ajman, etc. with a population of approxi
mately 750,000 is in an ideal position to service the 
Truncated States, Western Saudi Arabia, Oman, Bahrain, etc. 
Similarly bulk products can be received from plants in 
nearby Iraq, Saudi Arabia (hard gelatin capsules), Kuwait, 
and distally by sea from. Egypt and the Sudan.

b. Technologists can be drawn from Iraq, Kuwait and Egypt.

c. Since large volumes of potable water and very expensive 
and elaborate environmental control systems are not 
necessary, there would be no need for a highly skilled 
manufacturing and maintenance infrastructure.

d. The local population could be serviced with products 
manufactured under labels printed almost completely in 
Arabic as opposed to imported products labelled in 
foreign languages.

e. As the population and health needs in these areas expand, 
additional physical plant can be added to the existing 
facilities.

The rationale stated in (a) to (e) above is applicable to 
Qatar and Democratic Yemen.



PRODUCT INFORMATION RECORD
PREDNISONE TABLETS B.P. 5 mem.

1. Specification, Processing and Testing Information
See product file

2. Complaints and Regulatory Actions
' See product file and complaints records

3. Chemistry and Pharmacology
Other names: Prednisonum (I.P.); Deltacortisone; Deltahy-

drocortisone; 1,2-Dehydrocortisone: Metacor- 
tandracin. 17x,21-Dihydroxypregna-l,4-diene 
-3,11,20-trione

Chemical .formula: ' C21H26°S 
M.W. - 358.4

A white or almost white, odourless, crystalline powder, with a 
persistent bitter after-taste. M.p. about 230° with decomposition.
Almost insoluble in water; soluble 1 in 190 of alcohol, 1 in 
300 of dehydrated alcohol, and 1-in 200 of chloroform; soluble 
in dioxan and methyl alcohol.
The metabolism of prednisone is similar to that of prednisolone.
Corticosteroids, with the exception of deoxycortone, are absorbed 
from the gastro-intestinal tract. When given by topical application 
particularly under an occlusive dressing, or as a rectal enema, 
sufficient corticosteroid may be absorbed to give systemic effects. 
Administration by mouth may give a more rapid response than intra
muscular injection of an insoluble corticosteroid. Water-soluble 
forme of ccrticosteroids giving a rapid response arc used far 
intravenous injection.
Corticosteroids in the circulation are highly bound to plasma 
proteins, mainly to globulin and less so to albumin. The corti
costeroid-binding flobulin has high affinity but low bindinq 
capacity, while the albumin has low affinity but large binding 
capacity. Only unbound corticosteroids diffuse into tissue 
fluids and cerebrospinal fluid but transplacental diffusion in
significant.amounts.has not been demonstrated.* .1 ’ *' * tCorticosteroids arc metabolised in the liver and kidney and 
.excreted in .the urine. Urinary excretion of 17-hydroxycorticoids 
in utied as on-index of adrenal function. The slower metabolism 
of, the éynthetic corticosteroids with their lewer protein-binding 
affinity "may-account ¿of their .increased, potency compared with 
tie natnra1.corticosteroids. '



4. Indications
Prednisone is a synthetic glucocorticoid with the general pro
perties of Corticosteroids.
Five mg. of prednisone is about 25 mg of cortisone acetate. In 
eguivalentdoses it causes less sodium and fluid retention than 
cortisone and for this reason it is usually preferred to cortisone 
in the treatment of such conditions as rheumatoid arthritis, 
rheumatic fever, status asthmr.ticus, and ulcerative colitis but 
it is not used in the treatment of nephrotic oedema as it pro
duces diuresis. Prednisone is used as an imnunosuppressive 
agent, often with azathioprine, during and following surgery 
for organ transplantation involving the kidney, liver, and 
heart.
Prednisone may be administred by mouth in doses adjusted 
according to the needs of the patient and the disorder being 
treated. In rheumatoid arthritis or for long-term suppressive 
therapy, dosage should be maintained at not more than В mg* 
daily as side-effects inevitable occur with higher dosage. In 
conditions dangerous to life, such as pemphigus vulgaris, 
leukaemia, and acute haemolytic crises, a much higher dosage 
is permissible, up to 100 mg daily if necessary, in status 
osthaaticus up to 60 mg daily may be given, though in sevore 
crises hydrocortisone or corticotrophin administered intra
venously may be preferred.' • . •»
Ten patients being reaped for either the nephrotic syndrome or 
lupus glomerulonephritis and receiving alternate-day therapy 
with prendisone 25 to 120 mg wore compared with 8 patients with 
Other conditions, ¿receiving average daily doses of 56 mg of predn- 
nisono or its equivalent, and 10 health men. Side-effects of 
alternate-day. therapy were less than with dally treatment and 
.suppression of .the pituitary-adrenal axis was less. Moderate 
depression of the resting concentration of plasma 17-hydroxycorti- 
costeroids occurred, but the response to hypoglycaemia was similar 
to that shown by health control subjects.— G.L. Ackerman and C.M. 
Nolan, New Engl.- J. Med., 1968, 278, 405.
There were no data to show that patients made a better response 
to alternate-day than to continuous corticosteroid therapy, and 
there responses of groups receiving diffarent doses could not 
be compared.— R.3. Stoughton (letter), New Engl. J. Med., 1968, 
.278, >915; a reply. — G.L. Ackerman; ibid.'
Intermittent administration of prednisone 60 mg per body- 
surface on 3 day фег week, following initial daily administration 
.of the same dose for 3 weeks, was given to 8 children. One 
other child was given prednisone on alternate days, and another - 
daily. - Suppression of the hypothalamic-pituitary-adrenal axis 
vao evident in all the children, but growth was inhibited only 
in the child receiving continuous doily treotment.— M.M. Martin 
:et.el".. New-Eqgl.-J.iMed., 1968, 279, 273.



Prednisone 20 to 100 mg was given in a single dose by mouth on 
alternate mornings to 12 patients with inflammatory disorders.
In 7 patients a change from daily to alternate-day therapy was 
made and was found to be followed by increased delayed hyper
sensitivity to experimental allergens. Patients started on 
alternate-day therapy- retained their prior skin sensitivity to 
allergens. Alternate-day therapy successfully reduced inflam
mation and produced relatively mild side-effects.— R.R. MacGregor 
et al.. New Engl- J. Med., 1969, 280, 1427.
Allergic Disorders. Prednisone, 25 mg or more daily, suppressed 
the symptoms of allergic vasculitis in 7 patients.— C. Ramsay 
and L. Fry, Br. J. Derm., 19.69, 81. 96.
Arteritis. Two elderly patients with giant-cell arteritis 
responded promptly to prednisone therapy. The symptoms of 
pei_pheral neuropathy,' muscle wasting, and anaemia had suggested 
malignant disease.— 0.A. Warrell et al.. Lancet, i/1968, 1010.
A persistently high sedimentation-rate and anaemia might be • 
indicative of arteritis in a patient with symptoms of a stroke 
and, if infection was absent, should be treated with prednisone, 
15 mg thrice daily.— L.J. Hurwitz, Br. med. J., iii/1969, 699.
Asthma. Long-term treatment with steroids for an average of 
27 months was given to 71 patients with asthma. The usual dose 
was 40 mg of prednisone daily for 9 days, but if there was no 
response after the first 5 days the dose was increased to 60 mg 
daily for 3 to 5 days. After 8 to 10 days' treatment, the dose 
wao reduced by 5 mg every other day to the smallest dose which 
controlled the wheezing, usually 7.5 to 12.5 mg daily. Results 
were very good in 34 patients, moderate in 26, and prednisone 
was considered to have failed in ll.-rJ.L. Livingstone and J.P. 
Davises, Lancet, i/1961, 1310.
Blood Disorders. Anaemia. Treatment with prednisone (initially 
80 and.100 mg daily) in conjunction with fluid balance, and 
peritoneal dialysis in 1 patient, resultod in completed reversal 
in 2 patients of a syndrome of acute microangiopathic haemolytic 
anaemia and severe oliguric renal failure.— C.M. Shapiro et al.
J. Am. med. Ass., 1970, 213, 567.i
In a woman with-primary maeroglobulinacmia, severe anaemia 
responded to treatment with prednisone 40 mg and azathioprine 
150 mg daily, and folic acid 5 mg twice daily, when therapy 
with other cytotoxic drugs had failed. Normal peripheral 
blood counts were obtained after 4 months’ therapy, when the 
dosages of azathioprine and prednisone were reduced to 100 mg 
and 20 mg daily, respectively.— R.C. Heading ct al., Br. med.
J., iii/1970, 750.
Leukaemia. A trial to assess the value of prednisone given in 
conjunction with mercaptoourine in the treatment of acute 
leukaemia.— Second Report to the MF.C of the Working Party on 
.the Evaluation of Different Methods of Therapy in Leukaemia,
Br. med. J., i/1966, 1383.



Treatment with prednisone or prednisolone in a dose of 40 mg 
per m, of body-surface -area had produced remissions in about 
60% or patients with acut lymphocytic leukaemia. Remissions 
in about B2% of cases could be achieved by concomitantly giving 
mercaptopurine, 2.5 mg per kg body-weight. Remissions of the 
same order could be expected by substituting vincristine 
sulphate, in a dose of 2 mg per m , and remissions approachina 
100% could be reached with doses of 120 mg per nr of prednisone. 
Hyperuricaemia and uric acid nephropathy were potential dangers 
of corticosteroid therapy. Adequate fluids should be given to 
maintain urinary output at about 3 litres daily and the urine 
should be kept alkaline with sodium bicarbonate, 10 to 20 
grains four times daily initially and acetazolamide, 250 to 500 
mg each night.--per R.A. Kyle and J.E. Maldonado, Mayo Clin. 
Proc., 1966, 41, 383.
Four dosage regimens of prednisone were given to 223 previously 
untreated children with acute leukaemia; 86 had 2 mg per kg
body-weight daily in 3 divided doses; 8S had 4 mg per kg daily
in 3 divided doses; 28 had a single dose of 8 mg per kg on *
•alternate days; and 24 had a single dose of 16 mg per kg every
fourth day. Bone-marrow remissions occurred in 72%, 60%, 21%, 
and 12% respectively. Intermittent therapy was less effective 
than continuous dosage but side-effects were reduced.— S .L .
Lcikin et al., Cancer, N.Y., 1968, 21, 346, per Abstr. Wld 
Med., 1968, 42. 897.
Thrombocytopenic purpura. Treatment with prednisone alone 
sufficed to restore the blood-platelet count to normal within 
17 days in a patient with brucellosis with peripheral bleeding 
and thrombocytopenic purpura. The prednisone was started in a 
daily dosage of 60 mg, then progressively reduced to 30 mg 
daily.— rS.E. Halpera and S.G. Wo*l, J. Am. med. Ass., 1968,
204, 679.
Cooliac Disease. Prednisone, in a dose of about 30 mg dazly for 
7 days, in conjunction with a gluten-free diet, produced clinical 
improvement in a 36-year-old woman with coeliae disease and 
restored lymphocyte transformation.— O.Popovic ct al. (letter). 
Lancet, ii/1970, 725.
Exophthalmos. In 2 patients with malignant exophthalmos, in 
whom the prognosis had been regarded as hopeless, the advanced 
eye changes were successfully tre'ated with prednisone, 120 to 
140 mg daily. Neither patient improved on daily Josuu of 4'> mg 
but improvement quickly followed the higher dosage. The improve
ment was maintained, despite a short relapse in 1 patient, during 
the slow withdrawal of prednisone.— 5.C. Werner, Lancet, i/1966, 
1004.
Haemangioma. Six infants with extensive haemangiomas were treated 
for about 2 weeks with 20 to 30 mg of prednisone daily by 
mouth, tapered off over 2 to 4 weeks. In 5 there were remis
sions, but 3 of them relapsed and were controlled by a second 
course. In the other child, who had extensive scarring from 
earlier surgery, there was little response to prednisone.—
N.C. Post and N.B. Esterly, J. Pediat., 1968, 72, 351, per
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Afcstr. Hid (ted., 1968, 42. 616.
An infant aged about 3 weeks, with hepatic haemangioma -and 
congestive cardiac failure, was treated with prednisone 40 mq 
every Other day, reduced to 25 mq after 4 weeks, andthen pro
gressively reduced and discontinued. The liver size and scan, 
heart size, and ECG were normal 6 months after discontinuing 
treatment. Treatment with corticosteroids should be considered 
in patients with haemangioma which threatened life.— S.J.
Goldberg and E. Fonkalsrud, J. Am. med. Ass., 1969, 208, 2473.
Herpes Zoster. Sixteen patients, average age 71 years, with severe 
herpes zoster accompanied by very severe pain were successfully 
treated within 1 to 10 days of the appearance of the rash
with large doses of prednisone. Fourteen patients received 60 mg 
daily for a week, 30 mg daily for a second week, and 15 mg daily 
for a third week, and 2 patients had cortisone acetate, 300 mg 
daily, for the first week. Pain was abolished within 12 to 36 
hours whan treatment was initiated within 1 to 2 days of the onset 
of the rash but lasted 5 to 8 days when treatment was started on 
the fourth day or later; the average duration of pain after start
ing treatment was 3% days. In 8 of a control group the average 
duration of pain was 3*j weeks. F.A. Elliott, Lancet, ii/l<*u4, 610. 
Experience gained in treating an additional 38 patients had 
confirmed the value of corticosteroids for the relief of pair, in 
the postherpetic neuralgia. It was most important that treatment 
should start within a few days of the appearance of the rash.—
F.A. Elliott (letter), ibid., ii/1968, 170.
Immunosuppression. Immunosuppressive therapy in a patient who had 
received*a liver allog.aft included azathioprine, prednisone, and 
antilymophocytic globulin, which were given in maximum daily dos
ages of 100 mg, 200 mg, and 21 ml respectively. The patient was 
able to return to work 6 weeks after operation.— R. Y. Caine et 
al., Br. med. J., iv/1968, 541.
The use of prednisone in the course of bone-marrow transplantation. 
— F.H. Been et al.. Lancet, ii/1968, 1364.
In 17 patients receiving azatt.'oprine daily after renal transplan
tation, prednisone given on alternate days instead of daily 
maintained stable renal function with reduced antlhypcrtcnsivc 
therapy in 10 patients, stabilised cataracts in 2 patients, pro
moted healing of a non-healing infected flank-nephrectomy incision 
in 2 months in 1 patient, reduced proteinuria in 1 patient, and 
migratory arthritis in another, and allowed growth to continue in 
an 8-year-old-girl who did not grow in the first 7 months after 
transplantation.— H.P. Reed et al.. Lancet, i/1970, 747.
Influenza. Corticosteroids in sufficient doses given either by 
mouth or intravenously for 6 days suppressed the febril«* and 
inflammatory reactions due to virus diseases. The reactions were 
not resumed when the steroid treatment was discontinued. Acute 
'febrile infections of the upper respiratory tract, presumably of 
virus.origin, had been aborted by doses of 80 mg of prednisone



taken at bedtime on the day the infection started.— G.E. brocn 
(letter). Lancet, i/1967, 1277.
Liver Disorders. Prednisone accelerated bilirubin excretion and, 
used pi phytactically, prevented the hyperbilirubinaemia usually 
present in kernicterus of prematurity. The usual dose was 2.5 mg 
four times daily but in rare cases when jaundice persisted a daily 
dose of 2 to 5 mg could be given for 2 to 3 weeks.— H.wi^sencr,
Mschr. Kinderheilk., 1960, 108, 1, per Abstr. wid Mod., I960, 28.245.
A 5-day course of prednisone, 15 mg four times a d-iy, s< rved to 
distinguish successfully between extrahepatic jaundice due to mali
gnancy and intrahepatic jaundice of viral infection. A fall of SOi 
or more in the serum-bilirubin concentration occurred only in 
patients with viral inflammatory disease of the liver.— L.D. Wruble 
et al., J. Am. med. Ass., 1966, 195, 184.
Prednisone was effective in improving liver-function tests in 
patients with cirrhosis of the liver and sprionolactonc reduced 
oedema. The 2 drugs given together had a reliable natriuretic 
effect.— J. Lintrup at al., Acta med. scand., 19o6, 179, 13, per 
Abstr. Hid Med., 1966, 40, 261.
A controlled study in 334 patients with cirrhosis of the liver 
showed that treatment with prednisone, minimum dose 10 mg daily, 
did not affect the death-rate. Patients with ascites and patients 
suffering from alcoholism who were treated with prednisone had a 
significantly higher death-rate than an untreated control group.-- 
A Report from the Copenhagen Study Croup for Liver Diseases, Lancet, 
1/1969, 119.
Lupus Erythematosus. Prednisone, 60 to 120 mg daily, was recom
mended.for the treatment of acute systemic lupus erythematosus.
As the condition remitted the dose was reduced gradually to a 
maintenance dose of about 5 to IS mg daily.— N.R. Rowell, Br. med. 
J., ii/1969, 427.
Muscular Dystrophy. Prednisone, 20 to 30 mg daily, would relieve 
or abolish the symptoms of myotonia in muscular dystrophy.— J.R. 
Walton, Br. med. J., iii/1969, 939.
My&stenia Gravis. Prednisone, administered in a single 100 mg 
dose by mouth on alternate days, greatly improved the condition 
of a 44-year-old man with myasthenia gravis. No side-effects had 
occurred 3 months after the start of treatment.— J.R. Warmolts 
et al, (letter), Lancet, ii/1970, 1198.
Nephrotic Syndrome. In children with the nephrotic syndrome who 
were given 60 mg or more of prednisone on alternate days the thera
peutic effect was equivalent to that of daily administration.
Steroid side-effects were reduced and there were resumption of 
of growth.— L.F. Soyka, Am. J. Ois. Child., 1967, 113, 693, per 
Abstr. Hid Med., 1968, 42, 246.
Another similar report.— L.F. Soyks, Clin. Pediat., 1967, 77,
per J. Am. med. Ass., 1967, 200 (Apr. 10), A241.



Cf 125 adult patients with the nephrotic syndrome admitted to a 
multicentre trial, 64 aoted as controls and -1 received prednisone, 
usually in a dosage of 20 to 30 mg daily, for at least' 6 months. 
Patieats were classified, according to biopsy specimens, as having 
minimal glomerular change, membcranous nephropathy, or prolifera
tive glomerulonephritis. In the patients with minimal .jlomciul.ir 
change, prednisone usually caused an early marked decrease in 
proteinuria, hypoproteinanemia, and oedema. Renal function was 
not significantly improved. In the other groups, prednisone had 
no marked effect on proteinuria or renal function. Though stati
stically insignificant, mortality was higher in the prednisone- 
treated group (17 of 61 patients) compared with the control group 
(12 of 64 patients). Mortality due to cardio-vascular disease 
was significantly greater in the patients receiving prednisone but 
that due to renal failure was not significantly different in the 
2 groups. In patients with the nephrotic syndrome, apart f^om 
those with minimal glomerular change, the risks of continuous 
steroid therapy might outweigh the possibLe benefits.— D.A.K. Black 
et ai., Br. med. J., iii/1970, 421.
Pyoderma Gangrenosum. 'Prednisone was effective, if given early 
in the course of the disease, in controlling pyoderma gangrenosum. 
In the fulminant, rapidly developing disorder, a dose of 60 to 
100 mg daily was given.— per J. Am. med. Ass., 1968, 206. 2229.
Sec also G.M. Stathcrs et al,, Archs Derm., 1967, 95, 375, per J. 
Am. med. Ass., 1967, 200 (Apr. 24), A190.
Reiter's Disease. In a 20-year-old woman with Reiter's disease 
who developed extensive keratodermia blennorrhagica, administration 
of prednisone 40 mg drily by mouth led to a rapid improvement in 
her condition with cessation of pyrexia and healing of skin 
les:ans.— A.J. Richards, Br. med. J., iv/1970, 723.
Rheumatic Fever. In 122 patients with rheumatic fever given pred
nisone SO to 62.5 mg daily, tapered olf over 12 weeks, together 
with penicillin and sulphadiazine, and ̂ iven either bed rest or 
early ambulation treatment, about 20% in each group had heart 
murmurs after 1 year. Activity as soon as the ESR had returned 
to normal did not influence damage to the heart.— B.J. Grossman, 
Am.. J. Dis. Child., 1968, 115, 557, per Abstr. Wld Med., 1968,
42, 880.
Sarcoidosis. A total of 106 patiepts with proved pulmonary sar
coidosis wero treated with prednisone without any harmful üidc- 
effects. Corticosteroids did not alter the ultimate prognosis 
of the disease But they shortened the attacks and prevented irre
parable damage to the heart and lungs. Once fibrotic changes had 
occurred prednisone produced no functional improvement.— H. Drobny, 
A. Tuberk., 1964, X212, 147, per Abstr. Wld Med., 1964, 36, 426.
Trichinosis. Prednisone, 10 to 15 mg every 6 hours, was recom
mended for the treatment of trichinosis. Prednisone could be 
given parenterally if necessary. Treatment should be coatinued 
for 5 to 7 d*y*, But if continued for longer the doses should be



tapered before withdrawal.— W.E. Herrell, Clin. Med., 196B, 75 
(May), 92.
Ulcerative Colitis. Sixty-two patients who had had attacks of 
ulcerative colitis that were considered to be symptomatically and 
sigmoidoscopically in remission were given either prednisone,
5 eg thrice daily, (32 patients), or a placebo (30 patients) .
In both groups 12 patients remained in remission for 6 months and 
the remainder, with the exception of 3 patients (2 treated and 1 
given the placebo) who stopped treatment because of side-effects, 
relapsed. In all, 7 patients receiving prednisone experienced 
side-effects which included dyspepsia in 4. Side-effects also 
occurred in.2 receiving the placebo. Prednisone was considered not 
to be superior to the placebo ir preventing relapses of ulcerative 
colitis.— J.E. Lennord-Jones et al.. Lancet, i/1965, 188.
Seven children with ulcerative colitis were successfully maintained 
on prednisone, 40 to 80 mg, given on alternate days; therapy was 
administered daily until the acute^ symptoms were controlled. The 
symptoms reappeared when attempts were made to stop treatment or 
-lower the dosage.— A.' Sadeghi-Nejad and B. Senior, Pediatrics, 
Springfiled, 1969, 43, 840, per Abstr. Wld Med., 1969, 43, 959.
Ulcerative Oesophagitis and Colitis. A 15-year-old boy hid severe 
ulcerative oesophagitis. He had chest pain on swallowing, bioody 
diarrhoea, and gross bleeding with oedema and friability of the 
rectal mucosa. Prednisone, 60 rag daily, together with sulphasalazine, 
was given because of the progressive condition. There was prompt 
reduction of fever and improvement in well-being, dysphagia, and 
diarrhoea. Nine months later the boy was free of dysphagia and 
the diarrhoea had lessened but hepatosplenomeguly persisted. A 
further 7 months lator the oesophagus was norma).— K t\. Knudson 
and M. Sparberg (letter), <7. Am. med. Asa., 1967, 201, 140.
5. Contraindications
Systemic administration of corticosteroids is contra-indicated 
in patients with peptic ulcer, osteoporosis, psychoses, or severe 
psychoneuroses, and thsy should be used'only with great caution in 
the presence of congestive heart failure, xn patients with diabetes 
mellitus. infectious diseases, chronic renal failure, uraemia, 
and in elderly persons. Patients with active or doubtfully quie
scent turberculosis should not be# given these hormones except as 
adjuncts to treatment with tuberculostatic drugs.
Because of interference with antibody formation, systemic admini
stration of corticosteroids is usually contra-indicated in the 
presence of acute bacterial infections, herpes zoster, herpes 
simplex ulceration of the eye, and other viral infect ionr.. There 
arc, however, in the following pages, report:; thvir successful 
use in adequate dosage and with appropriate antibiotic cover in 
the treatment of some life-threatening infect ions.
There is normally an increased secretion of corticosteroids by 
the adrenals in response to stress caused by anaesthesia, surgery, 
or trauma; patients receiving corticosteroids or who have been 
given corticosteroids in the previous 2 years may have insufficient
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adrenal reserve and should he given supplementary corticosteroids. 
Cortisone acetate by mouth or intramuscularly or hydrocortisone 
sodium succinate intravenously or intramuscularly may be given for 
1 to 2 days before an operation and continued until stress has 
ceased before tapering off the dose.
Concurrent administration of barbiturates or phenytoin may enhance 
the metabolism and reduce the effects of cortiosteroids. Response 
to anticoagulants may also be affected by corticosteroids.
Topical applications of cortiscostcroids should not be made with 
an occlusive dressing to large areas of the body because of the 
increased risk of systemic toxicity and should not, in general, 
be used in the presence of infection, particularly that of the 
eye. Occasionally they may be used with the addition of a suitable 
antimicrobial substance in the treatment of infected skin but 
there is a risk of sensitivity reactions occurring. Corticosteroids 
should not be applied to ulcers of the leg.
6. Toxic effects, Adverse reactions and Precautions
The side-effects associated with the use of corticosteroids in the 
large dose often necessary to produce a therapeutic response result 
from excessive action on electrolyte balance, excessive action on 
other aspects of metabolism including gluconeougenesis, the action 
on tissue repair and healing, and an inhibitory effect on the 
secretion of corticotrophin by the anterior lobe of the pituitary 
gland.
Disturbance of electrolyte balance is manifest in the retention of 
sodium and water, with oedema and hypertension, and in the increased 
excretion of potassium with the possibility of hypokalacmia alkalosis. 
In extreme cases, cardiac failure may be induced. Disturbances of 
electrolyte balance are common with the naturally occurrina 
corticotrophin, cortisone, deoxycortone, and hydrocortisone, but 
are less frequent with many synthetic derivatives, such as betameth
asone, dexamthasone, méthylprednisolone, prednisolone, prednisone, 
and. triamcinolone. Most topically applied corticosteroids may, 
under certain circumstances, be absorbed in sufficient amounts 
to produce systemic effects.
Other excessive metabolic effects lead to mobilisation of calcium 
and phosphorus, with osteoporosis and spontaneous fractures, nitro
gen depletion and hyperglycaemia -with accentuation or precipitation 
of the diabetic state. The insulin requirements of diabetic pat
ients are increased. Increased appetite is often reported.
The effect on tissue repair is manifest in peptic ulcerntion with 
haemorrhuge and perforation, delayed wound healinq, an<l increased 
liability to infection. The topical application of corticosteroid 
preparations to the eyes has produced corneal ulcers, raised intra
ocular pressure, and reduced visual function and systemic adminis
tration has caused posterior subcapsular cataract. Increased 
susceptibility to all kinds of infection, including sepsis, fungous
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infections, and viral infections, have been reported in patients 
on corticosteroid therapy; for example, Candida infections of 
the mouth in patients treated with corticosteroids, especially 
if these are given conjointly with antibiotics, arc not uncommon. 
Application of corticosteroids to the skin has led to loss of 
skin collagen and subcutaneous atrophy.
The dose of corticosteroid required to diminish corticotrophin 
secretion with consequent atrophy of the adrenal cortex and the 
time required for its occurrence vary from patient to patient. 
Acute adrenal insufficiency, with loss of consciousness, may 
occur during prolonged treatment or on cessation of treatment 
and may be precipitated by.an infection or trauma. Growth 
retardation in children has been reported and attempts have been 
made to overcome it by using intermittent dosage.
l^rge doses of corticosteroids, or of corticotrophin, may produce 
symptoms typical of hyperactivity of the adrenal cortex, with 
moonface, sometimes with hirsutism, buffalo hump, flushing, 
increased bruising, striae, and acne, sometimes leading to a 
fully developed Cushing's syndrome. If administration of*the 
hormone is discontinued immediately on the appearance of these 
symptoms they are usually reversed, but such sudden cessation may 
be dangerous.
Other toxic effects include amenorrhoea, mental and neurological 
distrubances, intracranial hypertension, and,, on sudden reduction 
of dosage during the treatment of rheumatoid arthritis, fatalities 
have been attributed to lesions of small arteries and arterioles 
similar to polyarteritis.
Infections may be masked since corticosteroids have marked 
anti-inflammatory and anti-pyretic properties, and may produce 
a feeling of well-being.
The administration of corticosteroids may also cause a reduction 
in the number of circulating lymphocytes.
Muscular weakness is an occasional side-effect of most corticos
teroids, particularly when they are taken in large doses, and it 
is moat evident with fludrocortisone and triamcinolone. It has 
been suggested that this effect is more pronounced when a fluorine 
atom is present in the 9x-position in the steroid molecule.
Toxic effects occur, in general; fairly equally vith all corticos
teroid preparations and their incidence rises steeply if dosage 
increased much above 8 mg daily of prednisolone or its equivalent.
Prodnisone is lees likely than cortisone or hydroertisone to 
cause sodium retention, electrolyte imbalance, and oedema, hut 
gives rise more frequently to dyspepsia and peptic ulceration.
The phenomenon of muscular wasting was not confined to the newer 
corticosteroids with a fluorine radical. Prednisone could cause
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wasting of the same type. Wasting of the leg muscles, with con
sequent weakness and difficulty in walking occurred in 2 patients 
but improved on reduction or cessation of prednisone.— J.n.
[Jarman (letter). Lancet, i/1959, 88?.
A 39-year-old woman with acute leukemia, who was given 1 g of 
prednisone daily for 36 days, developed leucopeni? and severe 
infection. The patient recovered after treatment and was still 
alive and well, though obese, 74 years after the onset of symptoms. 
— W. Dameshek and W.J. Mitus, New Engl. J. Med., 1963, 268, 670.
A 29-year-old Negro with pulmonary sarcoidosis who was given 
prednisone in a final maintenance dosage of 20 mg daily developed 
severe hyperglycaemia, ketonuria, and acidosis which responded 
to discontinuance of the steroid and treatment with fluids, 
sodium lactate, and insulin.— R.P. Blereau and C.M. Weingartcn,
New Engl. J. Med., 1964, 271, 838.
Aseptic Bone Necrosis. Intravascular fat emboli in a necrotic 
fenoral head developed in a young man during 3 years of treat
ment with prednisone, 35 to 45 mg daily, and atathioprine, ISO 
to 200 mg daily, given as immuno-suppressive therapy following 
renal transplantation.— D.E. Fisher et el., Mayo Clin. Proc.,
1969, 44, 252.
Avascular necrosis of bone in 6 patients who had undergone renal 
transplantation could have been associated with treatment with 
prednisone.—  M.C. Hall et al, J. Am. med. Ass., 1969, 308, 1325.
Leucoctyosis. Of 18 patients with the nephrotic syndrome, 12 
receivod prednisone treatment. Polymorpho-nuclear leucocytosis 
developed in all patients treated with prednisone and the mean 
white-cell count, ranging from 6370 to 13,700 per mm ,  was 
linearly related to the prednisone dosage of 0 to 30 mg daily.—
M. Floyd et al, Lancet, i/1969, 1192.
Pancreatitis. Prednisone, 200 mg daily, caused acute pancrea
titis in a 13-year-old girl who was being treated for idiopathic 
thrombocytopenic purpura.— R. W. Schrier and R.J. Bulger, J.
Am. med. Ass., 1965, 194, 564.
Renal Failure. A 20-year-old woman with polyarteritis nodosa 
received prednisone initially in a dosage of 40 mg daily increased 
up to 100 mg daily. At a dosage of 75 mg daily hypercalciuria 
occurred with a fall in creatinine clearance and a rise in blood 
urea. Renal function improved when the prednisone dosage was 
gradually reduced under cover of immunosuppressive therapy.—
J.R. Condon and J.R. Nassim, Br. med. J., i/1971, 327.
Adrenal suppression. There was a danger of adrenal suppression 
even with doses as low as 5 mg daily.— J.A. Hicklin and M.R.
Willis, Ann. rheum. Die., 1968, 27, 33, per Abstr. Wld Med.,
1968, 42, 676.
In 43 patients with pulmonary sarcoidosis treated with prednisone 
for at least 2 years in doses gradually reduced from 40 mg daily, 
tests of adrenocortical function indicated that basal function



returned to normal while prednisone treatment was continued 
at a low dosage. At a.dosage level of 7.5 mg of prednisone 
dally, a definite nyctoheneral rhythm was evident, indicating 
that pituitary secretion of corticotrophin was resumed in a 
rhythmical manner. The response to tetracosac&rin stimulation

■ was not normal when prednisone 2.5 mg daily was being.taken, 
and was normal in only about one-half the patients ot, cessation 
of. treatment.— I*. Westerhof et al.f Br. med. J.. iv/1970, 534. •
Neuropathy. Prom a study of 18 patients on prednisone therapy 
for chronic obstructive lung disease, it was suggested chat 
patients receiving prednisone should be watched carefully for 
signs and 3ymotoms of peripheral neuropathy.— per J. Am. med.
Ass., 1970, 212, 2034.

* Panniculitis. An unusual form of panniculitis occurred in a
■ -16-month-old boy following the rapid discontinuation of large 
doses 'of prednisone administered by mouth for an episode of 
acute nephxitis.* The literature concerning 16 other cases 
was review'd.-H.H. Hoenigk et al., Archs Derm., 1964, 90,*387,

. per Int. pharm. Abatr., 1965, 2, 905.
Strongyloidiasis. Pour patients, aged 5 to 32 years, talcing 
prednisone 40 or 60 mg daily for the nephrotic syndrome, and 
a 23-year-oldwoman taking'dexamethasone 20 mg daily for eczema, 

¿.developed fatal -strongyloidiasis during or shortly after 
..treatment. Strongyloides stercoralis was responsible in each 
instance. Corticosteroid therapy might have altered the host-, 
’parasite equilibrium.--T. Cruz et al.. New Engl. J. Hod., 1966 
275, 1093.
7. Treatment of Toxic Effects
-Toxic-effects are nearly always signs of overdosage and should 
be treated symptomatically and dosage reduced or the drug slowly 
withdrawn. During long courses of treatment, laboratory and meta
bolic studies should be made; measurement of the fluid intake 
and output, and daily weight record, may give early warning of 
fluid retention. Sodium intake may need to be reduced to less 
than 1 g daily and potassium supplements cay be necessary.
To reduce skin, bone, and muscle changes during treatment with 
corticosteroids, patients should receive a nigh-protein diet and 
those on high doses should receive anabolic steroids such as 
nandrolone ohenylpropionate or decanoate and mechenolcnc enan- 
thate in addition. The dose of corticosteroid must be increased 
during infection, surgical operations, or accidents.— D. Ferriman, 
Practitioner,' 1965, 194, 43,
Perioral dermatitis due to rebound exacerbation of the condition 
when topical corticosteroids were withdrawn could be success
fully treated with tetracyclines taken by mouth.— A.J. Rook and 
D.S. Wilkinson (letter), Br. med. J., ii/1970, 481.



Syoptoaes of adrenal insufficiency may occur for several days 
following cessation &£■a prolonged course of steroid therapy- and 
-though adrenal.function then becomes adequate for the-usual 
daily.needs, 6 months or more may be required for the return of 
function adequate to meet the.stress of infection, surgical 
-operations, or trauma.' Deaths due to adrenal insufficiency have 
.occurred. Withdrawal of corticosteroids should therefore always 
-ba gradual; when prednisone for example, has been uced for long
term suppression of chronic inflammatory disorders, its dose 
should not be reduced by more than 0.5 or 1 mg daily every 2 
to 3 weeks. If; sudden withdrawal is necessary, corticotrcphin,
20 units given daily by intravenous infusion during 8 hours for 
-3 to-.5 successive days, is-usually sufficient to prevent with-' - 
drawal'symptoms. '
9. ■ - Storage - In airtight containers,'away from light. _ -’ V. • ’
9. Supplied - 100's, 500’s, 1000’s, SOOO's
"lO.'Doso -’ 10 to 100 mg daily in divided doses. Children, twice 

. ' daily; up to 1 year, 1 to 2.5 mg; 1 to 5 years 2.5
to 10. mg; 6 to 12 years, 5 to 20 mg.



Appendix II
GUIDE FOR PARENTERAL DRUGS MANUFACTURING AND PERSONNEL TRAINING

I .  INTRODUCTION

Definition - "Parenteral use" means administration of a drug by means of 
hypodermic syringe, - ~edle or other instrument through or 
into the skin or mucous membrane.

Parenteral preparations must be as nearly perfect as possible with respect 
to purity, freedom from toxicity and freedom from contamination. This is 
especially true of intraspinal (intrathecal) and intracistemal (thoracic 
duct) in j ections.

II. ADMINISTRATION OF PARENTERALS

Five general categories of injections are:

1. Solution.
2. Dry soluble.
3. Suspension.
4. Dry insoluble.
5. Emulsions.

III. ADVANTAGES OF INJECTIONS

- Immediate physical action.
- Can modify foimulation or choice of route of injection to prolong 
effect.

- Therapeutic response more controlled and reliable because it is 
not dependent on intestinal absorption.

- Confidence of certainty and accuracy of administration if performed 
by a professionally trained person.

- Can be administered unconscious or uncooperative patients.

IV. DISADVANTAGES OF INJECTIONS

- Ensuring asepsis of administration (to prevent systemic infection).
- Nearly impossible to correct an error of medication or dosage.
- Real or psychological pain factor.
- Daily or frequent administration may pose problems for outpatients.
- Infection, irritation or necrosis around injection site.
- Damage to veins (collapse).
- Danger of accidental intravenous injection when not wanted.



V . PARENTERAL COMBINATIONS

- 325

When large volumes of electrolytes or nutrients are administered intra
venously, physicians often combine other parenteral preparations to 
reduce the number of injections.

Incompatibilities may be physical, chemical or therapeutic. Physical 
changes provide immediate warning (e.g. color changes or precipitates) 
and should not be used because:

1. Solid particles may occlude blood vessels;
2. Therapeutic agent may not be absorbed; and
3. Drug may be degraded to toxic substances.

Invisible changes could be equally or more dangerous because of (2) and 
(3). Parenteral combination results are altered by the order of mixing, 
proportions in mixtures, and time lapse before use. The extent of 
degradation may be predicted by pH and reaction rates.

Ideally no combinations should be used unless they are thoroughly evaluated 
for physical, chemical and therapeutic compatibility.

VI . GENERAL REQUIREMENTS * 1

The onus is on manufacturers regarding:

1. High moral and professional ethics and attitude.
2. Full application of pharmaceutical knowledge.
3. Alertness in using and updating specialized techniques.
4. Use of ingredients of highest quality.
5. Establishing stability and effectiveness, especially if changes 

are made in ingredients and techniques.
6. Establishing rigid and vigilant quality assurance programs for 

evaluation of ingredients, equipment, production procedures, 
finished product testing, storage, and distribution.

7. Compliance of labelling, advertising and manufacturing procedures 
with existing legislation and good manuf'cturing practices.

D

■
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V I I .  GENERAL PROCESS

The general process encompasses four general areas:

1. Accumulation and selection of components and containers.
2. Production facilities and procedures.
3. Quality control.
4. Packaging and labelling.

1. Components and Containers

a. Components

Vehicles - Water for injection is the most widely used vehicle for 
injections. Water for parenterals must be distilled (see also U.S.P. 
XIX requirements}.

Distillation of water

Conventional stills in general consist of boiler (evaporator) 
with baffles, etc.; a source of heat: process steam, gas,
or electric; and condenser.

Construction can be of metal coated with pure tin, 304 or 316 
stainless steel or chemically resistant glass (Bamstead, 
American Sterilizer Co., Coming) .

Design features include raw water filtration to remove solids 
and deionizers to remove salts (prone to microbial growth and 
pyrogens), drainage of evaporator to reduce scale deposit, and 
conductivity metercells in distillate line.

Capacities range from 1.4 to 11.4 litres per hour for glass 
stills and up to 135 litres per hour for metal stills.

Compression distillation with vapor compression stills can
produce large volumes of distillate and provide for high
purity water if properly constructed.

Their main features of construction and operation are:
- evaporator with a core of tubes running internally (vertically) 
through the middle (which are sealed off externally to form a 
steam chest);

- baffles at top of evaporator (leading to compressor) to 
separate the entrained feed water from vapor;

- compressor which compresses the vapor and raises its 
temperature to approximately 107°C (224°F);

- steam chest where compressed vapor condenses on the outer 
surface of the vertical feed water evaporator tubes and is 
drawn off as distillate;
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- heat from the distillate raises the feed water to boiling;
- once started little energy is required except for the 

operation of the compressor (driven by electric motor or 
diesel engine).

Storage of distilled water

Water for injection should be used immediately but this is 
not usually possible.

Water for injection should be collected in scrupulously 
clean, closed systems with inlet and outlet connections 
to the storage tank sealed. A vent with filter capable of 
preventing entry of microorganisms or chemical vapors 
should be installed to allow for changes in pressure when 
filling or emptying the tank.

Storage tank and connections should be of chemically resis
tant glass or 304 or 316 stainless steel or metal internally 
coated with pure tin.

Polyvinyl chloride is not recommended because it is more 
likely to contaminate and softens above 21°C (70°F).

During storage (which should not exceed 24 hours) the water 
should be kept about 80°C (176°F) or under ultraviolet light 
if storage is at room temperature.

For small quantities seal and store in containers at 80°C (1761 
F) or under refrigeration or autoclave to sterilize.

Water for injection can contain no added substances such as 
bacteriostatic agents, maximum total solids of 10 ppm, but 
need not meet U.S.P. sterility requirements because products 
will be sterilized.

Sterile water for injection must meet U.S.P. sterility 
requirements, can have bacteriostatic agents added, be of 
maximum 30 ml volumes in containers, have total solids of 
up to 40 ppm according to ratio of surface area of container 
to unit volume of water.

Types of Vehicles

Aqueous vehicles are usually isotonic and drugs are added 
at time of use. Examples are Sodium Chloride Injection, 
Ringer's Injection, Dextrose Injection, Dextrose and Sodium 
Chloride Injection, and Lactate Ringer's Injection.

Water miscible vehicles consist of ethyl alcohol, polyethy
lene glycol, propylene glycol, etc. used as solvents as 
portions of complete vehicles and are mostly used intra
muscularly and only occasionally intravenously.
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Non-aqueous vehicles consist of fixed oiJs of ”egetabie 
origin, e.g. com, cottonseed, peanut, sesame. (See U.S.P.)

The oils must be metabolizable (therefore not mineral oil), 
must be liquid at room temperature (therefore not animal 
origin), and must not become rancid (therefore not animal 
origin).

Fixed oils must contain esters of unsaturated fatty acids 
but must not be too unsaturated or will cause tissue irrita
tion. Therefore the U.S.P. stipulates upper and lower iodine 
and free fatty acid limits.

Tocopherols in fixed oils prevent rancidity.

Fixed oils are used chiefly as vehicles for hormone prepara
tions .

Type of fixed oil used must be stated on label.

Active Ingredients

The medicinal compounds used in injections must:

- be of highest purity;
- free from metallic contamination;
- free from microbial contamination;
- free from pyrogenic contamination;
- and free from gross dirt.

Other Added Substances

U.S.P. includes in this category all substances added 
to preparations to improve or safeguard the quality of 
product. They may:

- improve solubility (e.g. sodium benzoate in Caffeine and 
Sodium Benzoate Injection);

- make solution isotonic;
- enhance chemical stability (e.g. antioxidants, inert gases, 
buffers, chelating agents);

- "preservatives" as added substances may mean not only 
antimicrobial agents but include all substances that act 
to retard or prevent the chemical, physical, or biological 
degradation of a preparation.

Antimicrobial agents as per U.S.P. must be added in bacterio
static or fungistatic concentrations to multiple dose 
containers to prevent multiplication of microorganisms 
inadvertently introduced by hypodermic needles when with
drawing a dosage portion.



Frequently employed antimicrobial agents are:

- For aqueous injections
Phenylmercuric nitrate at 0.01% ma-rimum but 
usually 0.002%.
Thimerosal at 0.01%.
Benzethonium chloride at 0.01% (Hyamine 1622, Sola- 
mine, Quatrachlor, Pheneride, etc.)
Benzalkonium chloride at 0.01%.
Phenol -or cresol at 0.5%.
Chlorobutanol at 0.5%.
Methyl p-hydroxybenzoate 0.18% + propyl p-hydroxy- 
benzoate 0.02%.

- For oleaginous injections (oils)
No antibacterial agents are really effective but 
hexylresorcinol 0.5% and phenylmercuric benzoate
0.1% are moderately bacteriostatic.

Pyrogens are not predetermined components but may be present 
as unwanted contaminants. They adhere strongly to glass.

The presence of pyrogens indicate microbial contamination 
since they are products of microbial growth. Most potent 
ones are from Gram negative bacteria but they are also 
produced by fungi. Pyrogens are chemically lipopolysaccha
rides which may be associated with proteins and can contain 
phosphorus.

Pyrogens are very difficult to remove, but may be destroyed 
by the following means:

- Dry heat at high temperatures, e.g. for glassware and
equipment: 250°C for 45 minutes; 650°C for 1 minute; or
180°C for 4 hours.

- Autoclaving does not destroy pyrogens.

- Heating with strong alkalis (but not 100% pure).

- Heating with oxidizing agents, e.g. hydrogen peroxide.

- Anion exchange resins adsorb pyrogens from water.

- Distillation is the most reliable method because pyrogens 
are not volatile.

- Asbestos filters can adsorb pyrogens from solutions but 
they also adsorb chemical constituents.

- In process destruction of pyrogens also possible by 
careful heating of pharmaceuticals in dilute alkali, 
dilute acid or oxidizing agents.



- Solutes may be a source of pyrogens. Purification b>* 
recrystallization, precipitate washing or other means 
should remove the pyrogens.

b. Containers

Containers are an integral part of the formulation and no container, 
even glass, is totally insoluble. Selection of containers must be 
based on consideration of component of container as well as the 
solution.

Plastic Containers

Thermoplastic containers are presently limited to components 
of disposable injection uits, a few selected sterile products 
and ophthalmic solution. They are still relatively new and 
there is insufficient history regarding reactivity with drugs. 
Absorption and adsorption of drug molecules can occur 
especially with polyamides and nylon.

These containers cannot be thermally sterilized in most cases 
but are sterilized by ionizing radiation and ethylene oxide, 
which may produce toxic ethylene oxide residues.

They must be tested for pyrogenicity.

For ophthalmic preparations low density polyethylene is used 
because flexibility of these tubes allows dropwise use.

Plastic containers should be tested for biological toxicity 
as per the U.S.P. and not exceed chemical limits.

Glass Containers

The container of choice for most injections is glass, which 
is composed principally of silicon dioxide with varying 
amounts of other oxides such as Na, K, Ca, Mg, Al, B, and 
Fe. Boric oxide permanently combines with the silicon dioxide 
tetrahedron network structure but most of the other oxides 
are loosely bound in the network interstices and tend to 
leach out into solutions especially during thermal steriliza
tion and hydrolyze to raise pH of the solution, catalyze 
reactions, or enter into reaction.
Ampoules (thinner walls, optically clearer) and cartridges of 
up to 100 ml are drawn from glass tubing. Other vials and 
bottles are molded and are more uniform and strong.



Types of glass - for U.S.P. classification and tests see 
U.S.P. XIX. Types I, II, and III are for parenterals. Type 
NP is not for parenterals.

Type I - for all products, expensive. Borosilicate 
glass (chemically resistant, low leaching, also low 
thermal coefficient of expansion).

Type II - below pH 7, buffered solutions, etc.
Soda lime, treated (SO- dealkalized internal 
surfaces and less leaching than Type III).

Type III - anhydrous liquids, dry substances. Soda 
lime, higher proportion of sodium and calcium oxides. 
Leaches more.

Type NP - general purpose soda lime. Not for 
parenterals.

Rubber Closures

Rubber closures permit introduction of needle from a hypo
dermic syringe into a multiple dose vial and provide 
resealing of the vial as soon as the needle is withdrawn.

They are also used for single dose cartridge type vials.

Aluminum caps hold the rubber closures in place.

Composition of rubber closures:

- Natural rubber (latex).
- Synthetic polymer (e.g. butyl).
- Combination of natural rubber and synthetic 
polymer.

Other ingredients used in manufacturing rubber closures 
include:

- Vulcanizing agent (usually sulfur).
- Accelerator (organic, e.g. Mertax, Thiotax or 

2-mercaptobenzothiazole).
- Activator (usually zinc oxide).
- Fillers (e.g. carbon black or limestone).
- Miscellaneous ingredients e.g. antioxidants and 

lubricants.

All ingredients are compounded together, then vulcanized 
into shape in molds using high temperature and pressure.

Requirements of rubber closures:

- Elasticity: (i) to make snug fit between the 
closure and neck and lip of vial; (ii) to allow 
needle to pass through without undue force; and 
(iii) to spring back and close hole when needle 
is withdrawn.
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- Hardness: (i) sufficiently firm to hold shape and
fit tight; and (ii) not too hard or needle would 
not go through or the hollow needle may cause 
fragmenting.

- Nonreactive with solution (none are completely 
nonreactive because compounding ingredients leach).

- Provide complete vapor barrier (none does this 
completely especially after being used as in the 
multiple-dose vial).

Physical shapes of rubber closures:

- Most have a lip and protruding flange to go into 
the vial.

- Disk closures are used especially for high speed 
packaging of antibiotics.

- Slotted closures are used for freeze-dried 
products to let vapor out.

- Flexible lip types are for large volume intra
venous hospital use.

2. Production Facilities and Procedures

Production facilities and procedures are very important as a product 
having the best quality components can be ruined if environment 
contaminated or if manufacturing procedures are improperly carried 
out. Therefore standards for production facilities and processing 
procedures must be as close to perfection as possible.

a. Production Facilities for Parenterals - are normally divided into 
five areas:

(i) Clean-up area - does not need to be aseptic but ceiling, 
walls and floors must be constructed of materials 
impervious to moisture, steam, detergents, etc. 
for cleaning.

Clean-up area must be adequately ventilated and 
exhausted to control heat and humidity for personal 
comfort and minimize microbial growth.

Clean-up area is used in particular for containers 
equipment before sterilization and subsequent routing 
to aseptic area for filling.

Ultraviolet lights should be installed in clean-up
area.



(iij Preparation area - Ingredients are formulated and
compounded and equipment assembled in preparation 
for filling.

This area does not need to be aseptic but controls 
are more stringent than for clean-up area.

Ceiling, walls and floor should be sealed with a 
continuous intact vinyl or epoxy "spray-on-tile” 
sealing coat free of crevices, etc.

Adequate sink, counter and cabinet space preferably 
of stainless steel should fit snugly into walls.

All surfaces should be kept clean by regular, 
thorough washing.

Ultraviolet lights should be installed in prepara
tion area.

(iii) Aseptic area - Construction is designed for maximum 
security.

Ceiling, walls, floor are sealed (germicidal paints 
are used by some) so that they can be washed and be 
treated with antiseptic wipe or spray before each use

Counters should be of stainless steel and hung from 
the walls so as to provide no legs for dirt accumula
tion.

Light and ventilation fixtures and utility service 
lines should be recessed in walls of ceiling to 
eliminate ledges, joints, etc. where dirt and dust 
can accumulate.

Tanks containing products and mechanical equipcent 
should be kept outside aseptic area and product fed 
in through hose lines.

Mechanical equipment in aseptic area should be 
housed in stainless steel cabinet to seal off 
operating parts from aseptic environment.

Mechanical parts in contact with parenteral product 
should be demountable to allow sterilization.

For small fills use a hood with armhole fitted with 
sterile gloves for the operator to use.
Airlocks are essential for traffic in and out of 
aseptic area. There should be no traffic in and 
out when filling and any movement while filling 
should be kept at a minimum.



Personnel should:

- enter and leave the filling area only through 
the gowning room airlock door;

be dressed in sterile gowns or coveralls, 
sterile hats, face masks and foot cover put on 
in separate gowning room;

- be neat, orderly and reliable;

- receive physical examination at regular intervals 
and not be permitted into aseptic area if they 
have colds or illnesses;

- receive intensive instructions regarding aseptic 
techniques;

- put on fresh sterile uniforms after breaks before 
entering aseptic area;

- wear sterile gloves or scrub hands with hexa- 
chlorophene soap or another bactericidal solution

- wear Dacron ot use air showers since lint is a 
problem.

Equipment - Laminar Flow Environment

Laminar flow provides marked improvement in 
environmental control. There is total air sweep 
of confined area with uniform air velocity along 
parallel lines with minimum of eddies originating 
from a high efficiency particulate air (HEPA) 
filter occupying one entire side of confined area 
and circulates entire area with air with 99.97% or 
better of particles greater than 0.3 urn particles 
removed.

Laminar flow can be horizontal or vertical and 
air velocity should be 100110 feet per minute. 
Vertical flow is considered best where danger is 
possible to operators from viable microorganisms, 
penicillin powder, etc.

Vertical flow is recommended for sterility 
testing procedures. It provides a protective 
"blanket'' of air between the operator's face and 
body and the work area.

Laminar flew work areas necessitate protection 
from disturbing air currents and turbulence or 
movements that exceed the velocity of the HEPA air 
flow.



Air Cleaning

Air conditioning and humidity control for the comfort 
of personnel and protection of sensitive products 
should be incorporated.

Prefilters are usually glass wool which removes large 
particles from outside air.

Electrostatic precipitators induce electrical charge 
of a given polarity on remaining particles and 
precipitate them on oppositely charged plates.

HEPA filters remove 99.97% of particles greater 
than 0.3 urn.

Final passage around ultraviolet lights will kill 
any remaining viable organisms.

"Kathabar System" - chemical scrubbing of air 
through antiseptic (lithium chloride) solution to 
remove dust, microorganisms and control humidity 
is a more recent development.

Ultraviolet Radiation

Ultraviolet radiation is produced by a cold cathode 
mercury vapor lamp putting out 20 uW/cm2 at 253.7 nm 
wavelength. It is used to continually maintain 
sterile air since there is always some microbial 
contamination from personnel and equipment.

Ultraviolet radiation is irritating to eyes and 
skin of personnel; therefore ultraviolet absorbing 
goggles should be used and lamps should be installed 
about 7 feet from the floor with a deflector to 
direct the rays above the heads of well-clad 
personnel.

Ultraviolet lamps have a special silica (96% Vycor) 
glass tube which absorbs shorter wavelengths that 
enerate undesirable ozone. The crystal structure 
gradually changes and absorbs the desired ultra
violet radiation so periodic checking is required; 
(20 uW/cm2 is required for effective antibacterial 
activity).

Clean lamps are essential because dust and grease 
drastically reduce effectiveness.

Limited penetration of ultraviolet light give 
only surface sterilization and rays only travel in 
straight lines so obstruct: ns should be eliminated.



Direct radiation of a room when personnel are not 
present is a valuable way of reducing bacterial 
counts on working surfaces and floors (e.g. before 
and after filling, etc.)

Ultraviolet radiation should also be installed in 
at least the clean-up and preparation areas in 
addition to the aseptic areas.

Maintenance of Aseptic Area

Careful cleaning and maintenance are very important. 
Crews should have special instruction by qualified 
supervisor.

Equipment should be effective and free of lint
producting tendencies.

Clean-up should be after completion of day's work 
to allow adequate interval of time for direct 
ultraviolet radiation prior to next aseptic filling.

Environmental Control Tests

These are required to monitor' the sterility of 
aseptic areas because contamination can occur in 
spite of elaborate precautions.

Air sampling and/or sterile fill tests are in 
general use, i.e. (i) drawing air sample through 
sterile membrane, etc.; (ii) exposing nutrient 
agar culture plates; or (iii) fill sterile medium 
with same equipment used for product.

Ci) Forced air sampling - involves a vacuum pump 
(preferably located outside sterile area) fitted 
with flow gauge to draw a given volume (e.g. 10 
cu.ft.) of air through a sterile membrane filter 
during an aseptic operation. Sampling locations 
are chosen for sites with high potential for 
contamination e.g. filling and sealing area, next 
to personnel, next to moving equipment, near door
ways and other openings, etc. Filters are examined 
microscopically for particulate matter (lint, dust, 
etc.) or incubated on culture media and examined 
for growth. To avoid dehydrating microorganisms the 
air may be drawn into a measured volume of sterile 
nutrient agar and the nutrient agar run through a 
sterile membrane which is incubated. Air sampling 
tests should be done at planned intervals with 
standards and locations set up from experience 
regarding level of contamination permissible (if any).



(ii) Air plates - Plates exposed to air can be 
nutrient agar or blood agar if pathogens are suspected. 
Locations of plates should be carefully planned. 
Exposure is usually one hour or more but should be 
uniform each time so there can be meaningful compari
sons among tests. These tests are useful regarding 
checking of cleaning and production personnel, air 
cleaning equipment failure, and human carriers of 
disease.

(iii) Monitoring of filling equipment - by filling 
and sealing sterile ampoules with sterile fluid 
thioglycollate or trypticase soy broth is a more 
stringent test. The entire lot is incubated. Since 
this is a total sterility test it is the best indi
cator of the efficiency of the entire aseptic 
filling process.

Instrumental methods for particle counts are based 
on light scattering when beams are passed through 
an optical system to detect the level of particles 
present. Consistent results are difficult to get 
but the methods may be useful for routine monitoring 
of an environment.

Standards for clean rooms are developed by General 
Services Administration of the U.S. Government and 
are based on standard methods developed by A.S.T.M.

-  -

Civ) Quarantine area

This is a holding area for products after aseptic 
filling and/or sterilization pending results of 
testing etc. before packaging and labelling. There 
are no specific location requirements but the 
quarantine area should bear logistical relationship 
to other areas in the production of sterile products.

(v) Packaging and finishing

After testing is completed and satisfactory the 
product goes to the finishing area for final 
labelling and packaging and examination before 
going to storage and shipping.

Examination includes inspection for:
- Floaters - use black and white background and 
oblique light.

- Discoloration.
- Imperfect or improper sealing or closures.
- Imperfect containers (with bubbles or deformation).
- Foreign material (e.g. broken glass, dust, dirt, etc.)
- The wrong product (especially a different sized bottle)



b. Production Procedures for Parenterals

(i) Cleaning

Containers and equipment in contact with parenteral 
products must be scrupulously clean; otherwise all 
other precautions are useless.

Even new containers and equipment can be contaminated 
by dust, fibres and chemical films from the atmosphere 
and human hands, etc.

Previously used containers and equipment require 
especially thorough cleaning to remove contaminants.

Equipment should be reserved only for parenterals 
and where required only one type of product.

Selection of cleaning equipment depends on physical 
types of containers.

Regardless of type of cleaning machine certain 
fundamental operating characteristics are required:

internal liquid or air treatment must be introduced 
directly as a jet stream that strikes the bottom of 
the inside of the inverted container and spreads in 

' all directions without splashing. The jet stream 
must flow smoothly down the sides with a sweeping 
actions and out the opening without accumulating 
and without turbulence (spii’.shing may fail to clean 
all areas and turbulence may redeposit loosened dirt).

Outside rinse of the container should occur concurrently.

Treatment cycle should alternate very hot (thermal 
shock treatment) and cool treatment to loosen debris 
adhering to the container wall.

Final treatment should be an effective rinse with 
good quality (filtered) distilled water and optional 
final filtered air blast.

Metal parts in contact with containers should be of 
stainless steel (or other noncorroding or noncontami
nating material).

Reused containers must have adequate hot detergent 
treatment at sufficiently high temperature and 
pressure to remove contaminants from previous use 
which may be microbiological, pyrogenic, chemical 
or physicrl.



Decision to reuse containers must be made only 
after careful consideration because of difficulty 
of cleaning.

Rubber closures

(Reference: Bull. Parent. Drug Assoc. 25: 65-67,
1971.)

The problem of washing parenteral closures is of 
major importance.

Removal of particulate matter is difficult as the 
mechanical action of cleaning tends to produce 
small pieces of rubber matter especially if the 
cleaning cycle is carried too far.

Initial treatment suggested is boiling the stopper 
in distilled water in a vacuum autoclave. This 
treatment is considered effective because it breaks 
the electro-mechanical bond holding dirt on the 
surface of the rubber.

Subsequent mechanical washing with a hot detergent 
e.g. 0.5% sodium pyrophosphate is desirable but 
excessive mechanical action is to be avoided to 
prevent particles of rubber being produced by 
abrasion.

Thorough rinsing of the stopper is required to 
remove not only particles but detergent residue and 
a spray rinse is preferable.

A check of the cleaning effectiveness can be made 
by filtering aliquots of the water from each major 
cleaning step through an 8 us membrane. After 
drying the membrane a count and visual observation 
indicates how thorough the cleaning has been. The 
membranes can be mounted on slides for better 
observation and to provide a permanent record.

After cleaning the closures are usually sterilized 
by autoclaving in water of injection aseptically 
drained and stored in closed containers until used. 
The water for injection sometimes has a bacterio
static agent added if used in the final product.

If the closures musj be dry for use they may be 
vacuum-dried at 100 C.
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(ii) Machinery for cleaning containers

Cleaning equipment vary in mechanics but all 
embody good cleaning principles.

Rotary rinser - Jet tubes are arranged on aims like 
the spokes of wheel which rotates around a centre 
post through which treatments are introduced. The 
same operator loads and unloads the containers.

Conveyor rinser - Rows of jet tubes mounted on a 
conveyor belt move rows of containers past the 
treatment stations and discharge the clean containers 
out the end of the machine (usually through a wall 
into a clean room). Two operators are required.

Cabinet-type washer - A rack of jet tubes is loaded 
with containers and is pushed inside a cabinet for 
treatment. Small load but different sized containers 
can be handled.

Conveyor chain - Chain conveyor drags rows of loaded 
jet tubes through a long tunnel for various treat
ments. Clean containers return to loading point for 
removal. This can process a large number of containers.

Rack-loading washer - This has the advantage of not 
requiring individual loading. Racks fit into open 
containers in shipping cartons. The shipping carton 
and racks are inverted and the containers are trans
ferred to the washer without individual handling.

(iii) Product processing

iiia. Product preparation
- Measurement should wherever possible be made by 
weight (determine weight experimentally from 
volume initially if required). Weight is more 
accurately measured than volume and no adjustments 
for temperature is required.

- Equipment should be sufficiently dry before use
to avoid any significant dilution not accounted for 
and incompatibility with anhydrous products.

- The order of mixing is important expecially 
where large volumes require considerable mixing 
time to become homogeneous.

- pH adjustment may be critical if not conducted 
gradually, e.g. addition of even a dilute acid too 
fast may cause excessive local pH reaction and 
induce adverse and irreversible effects before 
dispersion throughout the entire volume is complete.



- 3-1 -

- Parenteral dispersions (e.g. colloids, emulsions, 
suspensions) require particular care to achieve 
and maintain proper reduction in particle size 
under aseptic conditions and keep uniform state 
of dispersion throughout the entire process 
(i.e. preparation, transfer, packaging, etc.)

- Formulation of a stable product is of utmost 
importance, e.g. during terminal sterilization 
the high autoclave temperature may initiate or 
acturally complete chemical reactions of consti
tuents.

iiib. Filtration - enhances the impression of high quality
e.g. clarity of especially a parenteral solution.
It is used to clarify solutions after compounding.
- High degree of filtration is termed "polishing" 
by removing particulate matter down to 2 urn.

- Removal down to 0.2 urn eliminates microorganisms 
and accomplishes "cold" sterilization.

- Filters function by:
Sieving or screening, i.e. particles retained 
on surface of the filter.
Entrapment of particles smaller than the 
pore size of the filter in folds or turns or 
1edges of the filter (entrapped particles may 
be forced through if pressure is too high or 
prolonged.)
Electrostatic attraction of particles of 
opposite charge are adsorbed to the filter 
surface.

- Filters can cause adverse effects (especially on 
initial portion of solution) by reacting with 
constituents in the solution.

- This can be avoided or reduced by conditioning 
the filter prior to use e.g. neutralizing of 
alkaline filters with acid.

- Types of filters:
Asbestos pad - the most reactive and fibres 
may get into filtrate.
Unglazed porcelain - less reactive; fine 
particles may come off into filtrate.
Sintered glass - less reactive; fine 
particles may come off into filtrate. 
Cellulose ester membranes - Millipore, etc. 
and now more widely used especially for 
final filtration; less reactive and low 
shedding of particles.

- Selection of a filter includes such factors as:
Flow rate desired (unglazed porcelain and 
sintered glass are slow).
Loss of vehicle by absorption of solution - 
higher with asbestos and membrane filters. 
Loss of vehicle by evaporation - higher with 
slow filtering sintered glass.
Cleanability - more important if filter is
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to be reused. Fittings that hold and support 
the filter may be difficult to clean. One 
type of solution only is recommended to be 
filtered using the same filter if it is to 
be reused and cleaning is a problem.

iiic. Filling

General - Filling requires stringent control to
avoid contamination of the product when being 
transferred from "bulk" to final dosage 
containers.

This especially applies to "aseptic fills" of 
products previously sterilized by e.g. filtra
tion that will not be sterilized in final 
containers.

Contamination can come from the environment, 
equipment and personnel performing the 
operation. During filling the open container 
and closures are exposed to contamination 
until sealed.

For maximum protection filling is done in 
aseptic filling areas in a laminar flow 
workbench or under a hood with ultraviolet 
lights.

Compounded products are usually in liquid or 
solid forms.

Liquids - are easier to transfer than solids and can 
be transferred more readily into narrow mouth 
containers.

Viscous, sticky liquids are more difficult to 
subdivide and usually require specialized 
heavy-duty machinery for rapid filling.

All liquid filling equipment has certain 
characteristics in common, e.g. a repetitive 
measured quantity i s forced through the 
orifice of a delivery tube into the container. 
The size of deliver., tube depends on charac
teristics of the liquid, speed of delivery 
and inside diameter of container neck.

Delivery tube must enter well into the neck 
to avoid spillage, have sufficient clearance 
to permit air to leave the container without 
blowing the liquid out the neck, and have as 
large a diameter as possible concomitant with 
the above to minimize resistance to flow for 
accurate and rapid filling.

t



Excess volume is required in delivery- 
apparatus for liquids (see U.S.P. XIX).

For small volume of mobile liquids usually 
a set stroke of a syringe plunger using a 
two-way ball valve for alternate filling and 
delivery is used.

For small volumes of viscous liquids usually 
stainless steel syringe (for strength) and a 
sliding piston valve are used.

For short runs hand operation can be used but 
for a large number of containers an automatic 
set-up gives faster filling.

For large volume containers filling is 
usually measured to a given level of fill in 
the container by gravity, pressure or vacuum 
using an overflow tube and usually allowing a 
liberal excess.

To avoid remaining drops of liquid wetting 
narrow container necks after delivery most 
delivery systems have a mechanism to draw 
back the last drop into the delivery tube.

Delivery system in contact with the liquid 
must be non-reactive material such as boro- 
silicate glass or stainless steel and easily 
demountable for cleaning.

Solids - such as sterilie antibiotics in solid fora 
are more difficult to package from bulk to 
final dosage containers.

The rate of flow of solid material is slow and 
irregular (better if granulated).

Accuracy of the dosage desired is harder to 
control than liquids.

Filling is difficult even with large mouthed 
containers. Spillage is hard to avoid (there
fore cross-contamination is a problem).

Wider tolerances are allowed (see U.S.F. XIX) 
for solid dosage forms.

Individual weighing is the most accurate but 
very slow.

Granular solids flow more easily and can be 
filled with automated equipment.



Measurement of the fill is usually by 
volume corresponding to a given weight.

Equipment used for mechanical filling are 
of two general types:

- Wheel with adjustable cavities in the rim 
filled by vacuum until drug is discharged 
into the containers using sterile air.

- Auger in the stem of a funnel (and fed by 
a hopper) is fed into a container. 
Regulated volume can be delivered by 
controlling toe size and speed of rotation 
of the auger.

iiid. Sealing

Ampoules - are purged with inert gas e.g. nitrogen 
or carbon dioxide before sealing when 
sensitive products are filled to prevent 
decomposition. Ampoules must be sealed as 
soon as possible after filling to prevent 
contamination, oxidation or hydration or 
loss of inert gas Sealing involves melting 
the glass neck. Two types of sealing are 
used: tip-sealing (bead-seals) and pull
sealing.

Tip-seals (bead-seals):
- Made by melting enough glass evenly and 

all around the tip of the neck to form a 
bead and close the opening of the ampoule.

- High-temperature gas-oxygen flame used and 
the heat of the flame and time of heating 
must be properly adjusted to get complete 
closing of the airpoule neck.

- Insufficient heat leaves an open capillary 
through the bead and causes leakers.

- Over-heating expands gases in the ampoule 
and forms a bubble in the soft bead. If 
the bubble bursts the seal is broken - if 
it does not burst the wall of the bubble 
will be thin and easily broken.

Pull-seals:
- The neck of the ampoule is heated by 
rotating in a single flame leaving suffi
cient tip to allow gripping and pulling with 
forceps or other mechanical device.

- When the glass has softened the tip is 
pulled quickly while the body of the ampoule 
continues to rotate arid a small capillary 
tube is formed and twisted closed.
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- Pull-sealing is slower but more sure than 
tip-sealing and usually done by machine.

- Wide-mouthed ampoules (for powders, etc.) must 
be pull-sealed because the large bead if tip- 
sealed would cause glass strain resulting in
a fracture where the bead and neck wall join.

- Wet necks must be avoided to prevent bubble 
formation and unsightly carbon deposits from 
heat of sealing if the product is organic in 
origin.

- Wet necks tend to fracture when heated 
during sealing.

Vials and bottles - are sealed with rubber stoppers 
or closures. The larger opening of vials and 
bottles make it imperative that sealing is 
done quickly and carefully after filling to 
prevent contamination of the product. Containers 
should be protected from contamination during 
filling and sealing with covers or preferably 
within a closed hood in an aseptic area.

Rubber stoppers must be:
- Elastic enough to completely seal any slight 

irregularities of the lip and neck of the 
container.

- Firm enough to seal snugly and stay in place.
- Sized properly to avoid difficulty when 
being inserted into the neck of the container 
and yet seal well.

- Stoppers can be inserted (always under 
aseptic conditions) directly by hand using 
sterile gloves with sterile forceps or 
mechanically by a sorting and stoppering 
device for high speed production by means
of a tool connected to a vacuum line operated 
by hand using sterile gloves.

Aluminum caps are used to hold the rubber 
stoppers in place. The caps are crimped under 
the lip of the vial or bottle to hold the 
stoppers firmly in place. The closure or 
stopper cannot be removed without destroying 
the aluminum cap; therefore intact cap is 
proof of unopened container.

The inner aluminum cap consists of an aluminum 
band with open centre. This holds the closure 
in place after crimping. The inner cap allows 
withdrawal of the contents of the container 
(e.g. multiple-dose vials) with a hypodermic 
syringe or intravenous needle without removing 
the stopper which protects the contents from 
exposure to the atmosphere.
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The outer aluminum cap covers the inner cap 
and the usual set-ups found are:
- A single layered cap with "tear-off" 
centre.

- Double layered caps with the outer cap 
having a "tear-off" centre.

- Triple-layered caps (e.g. for intravenous 
solutions) in which the rubber closure has 
a permanent hole protected by a thin rubber 
disk overlaid with a solid aluminum disk, 
which are sandwiched between the inner and 
outer aluminum caps.

A hand crimper can be used for single-layered 
aluminum caps. Double or triple-layered caps 
require mechanical crimpers which can apply 
more force. The capping components are usually 
put over the rubber stopper as a combined unit 
and one crimping operation is performed.

iiie. Sterilization

- is defined as the inactivation or removal of 
all viable organisms.

General - Preferably parenteral products should be
sterilized in their final containers (terminal 
sterilization) immediately after sealing but 
terminal sterilization usually involves a 
thermal process which may adversely affect 
many pharmaceutical and biological products by 
the elevated temperatures required. For these 
thermolabile products a nonthennal process 
must be used such as filtration, radiation,

• gaseous ethylene oxide, etc. Filtration is 
widely used for many thermolabile liquids and 
oleaginous solutions but aseptic conditions 
are required at each processing stage and 
these are difficult to maintain.

Sterilization methods

Steam under pressure (autoclaving).
Saturated steam under pressure 
is one of the most reliable and widely used 
methods for aqueous liquids or substances 
that can be reached or penetrated by steam.
It is ineffective for anhydrous oils or 
anh>drous conditions such as dry solids sealed 
in ampoules. Moist heat sterilizes by coagu
lating proteins in the microbial cells.

It is essential that entrained and entrapped 
air is removed from the autoclave or proper



temperature cannot be attained. Recent 
techniques for this provide ror a pulsing 
Systran using alternate vacuum and steam 
purging, or evacuation to 15 mm Hg within 
4 minutes before steaming.

Normal cycle is for the liquid product to be 
autoclaved at 121°C (250°F) for 15 minutes 
after the exhaust is at 121°C. For large 
bottles or large loads a longer cycle would be 
needed depending on the time required for 
the centre of the liquid to reach 121°C (and 
be maintained for 15 minutes].

For products that can withstand a higher 
temperatine for a short time one can use a 
high-vacuum high-pressure cycle e.g. 135°C 
(275°F) for 3 minutes instead of 121°C for 
15 minutes.

Modem autoclaves may be obtained with a 
variety of controls that can be pre-set, 
e.g. thermocouples at various locations in 
the autoclave; automatic times to control the 
time of sterilizaiton after the proper tem
perature is reached and automatically terminate 
the sterilizing period; controlled slow or 
fast exhaust depending on the type of load, i.e. 
slow exhaust for full bottles of liquid that 
could overflow if the pressure were suddenly 
reduced. Some autoclaves employ water-cooled 
jackets for faster cool-down.

Dry heat - Also see Appendix II. Dry heat kills 
microorganisms primarily by an oxidation 
process. It is used for materials that cannot 
withstand moist heat such as dry glassware, 
petroleum jelly, mineral oil, greases, waxes, 
talcum powder, etc.

For parenteral use the main applications would 
be for sterile powders not adversely affected 
by the high temperature and long heating period 
required; and associated glassware and metal
ware (e.g. hypodermic needles and glass syringes)

Various time-temperature combinations are used 
depending on the material being sterilized 
and some examples would be:
- 170°C (340°F) for 1 hour (glassware, etc.)
- 160°C (320°F) for 1 or 2 hours (peanut oil 

solutions - 2 hours)
- 150°C (300°F) for 2h hours
- 140°C (28S°F) for 3 hours
- 125°C (257°F) for up to 24 hours (sulfonamides)
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Filtration - is a means of sterilizing solutions 
that cannot be heated. Aseptic techniques are 
required. Several types of bacterial filters are 
available including: Leitz filters, porcelain filters,
and membrane filters.

Leitz filters - asbestos pad type of filter.
- Available in sizes ranging from the small 
Swinny filter to large plate type filter.

- Leitz pads are available in several 
porosities and are relatively inexpensive 
sc new pads are used each time.

- One disadvantage is that fibres may get in 
the solution unless the filter is backed by 
nylon mesh or sintered stainless steel.

- Models are available for either vacuum or 
pressure operation.

- The asbestos pad is the most reactive 
filter and may adsorb some pharmaceuticals 
and have adverse effects.

Porcelain filters - unglazed porcelain.
- All porcelain types are useful where 
metallic contact might damage the product.

- One disadvantage is that they become 
plugged with microorganisms and debris and 
must be cleaned with strong acid or burned 
out at high temperatures which can change 
the pore size.

- Another disadvantage is that the severe 
cleaning methods especially high temperatures 
can result in shedding of fine particles 
after repeated cycles and contaminate the 
product.

- Porcelain filters should be checked for 
efficacy from time to time using a test 
organism (e.g. Serratia marcescens) easily 
identified.

Membrane filters - commonly of cellulose and cellulose 
derivatives (e.g. cellulose ester).

- Ultrafiltration using membrane filtr. :ion has 
become increasingly popular in recent years 
due to improvement and refinement of the 
various membranes.

- Large number of pore size grades are available 
from 8 um .own to 0.22 urn.

- Liquid Lo be sterilized is forced through the 
membrane filter by vacuum, pressure or 
centrifuging. Approximately 80% of filter 
volume is composed of the pores. Therefore 
the filter acts primarily as a simple screen 
and retains all particles whose size exceeds 
the filter pore size.
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- Combined forces of gravity and van der 
Waals forces (effects of both volume 
occupied by and attractive force between 
molecules) cause particles to adhere to the 
filter in a single microscopic plane with 
little overlapping.

- Membrane filters allow a flow rate 40 times 
faster than other filters having the same 
pore size but obviously can be clogged by
an excess amount of particles in the solution.

- Membrane filters are generally less reactive 
and have lower shedding of fibres than other 
types of filters.

- Newer types of membranes available which can 
withstand alcohols, reactive monomers, strong 
acids and alkalis with only 15% to 25% 
swelling and no loss of filtration efficiency 
extend their usefulness.

- Sterilization can be by autoclaving or dry 
heat such as at 200°C.

- Membranes tend to be thin and brittle.

- Supporting filter holders available include 
stainless steel screens, silver screens, 
glazed porcelain, porous carbon discs, 
sintered glass, porous earthenware, etc.

Gas sterilization - Various gases have germicidal 
properties. For parenterals the chief usage is 
ethylene oxide, for antibiotics and associated 
equipment such as plastic bottles, etc.

Ethylene oxide penetrates dry materials quite 
well but has limited ability to penetrate and 
diffuse in liquids except for a shallow layer.

Ethylene oxide in air is highly explosive but in 
a mixture of 10% with 90% carbon dioxide it is not 
combustible. (Carboxide is the commercial name of 
the mixture.)

It is essential to aerate treated material for at 
least 5 days at room Temperature to detoxify (under 
aseptic protection of course).
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Radiation - is generally classified into two types:

- Electromagnetic radiation e.g. UV, gamma, X-rays, 
cosmic rays. These are photons of energy (gamma 
and X-rays produce indirect ionizing radiation).

- Particulate radiation .g. electrons, beta 
particles, etc., also known as corpuscular 
radiation (producing direct ionizing radiation).

Electromagnetic radiation 

Ultraviolet

- Non-ionizing and main disadvantage is limited 
penetrability (the 2S4 nm wavelength is screened 
out by most materials).

- UV light is germicidal at 254 nm and has been 
used for 30 years for destroying microorganisms.

- Principal use of UV - maintaining sterility of 
aseptic areas rather than sterilization purposes.

- Inactivation by UV is a function of radiant 
energy dose, i.e. application of an effective 
radiation intensity over a proper interval of 
time.

- Dose requirements vary widely for microorganisms 
e.g. vegetative bacteria are most susceptible.

- Bacterial spores more resistant by 3 to 10 fold 
than vegetative bacteria (e.g. 800 uW-min/cra2 
for inactivation).

- Fungal spores are 100 to 1000 times more resis
tant than vegetative bacteria (e.g. 5000 uW-min/ 
cm2 required to inactivate Aspergillus niger 
spores).

- Clean UV lamps are essential (clean periodically 
with alcohol and test output).

- Germicidal UV requires protection for exposed 
personnel and eye protection is particularly 
important.

- It is generally stated that 20 uW/cm2 of UV 
radiation is required for effective antibacterial 
activity.

Gamma rays

- Considered electromagnetic and produce ionizing

i
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electrons.
orbital

- Main source of gamma rays is radioisotopes 
such as cobalt 60 and cesium 137.

- Cobalt 60 is the source most used by pharma
ceutical and medical devices firms for 
radiosterilisation.

X-Rays

- Also electromagnetic and produce ionizing 
radiation indirectly.

Particulate radiation

- Beta particles and electrons are the best known 
particulate or corpuscular radiation sources 
and are generally produced in the linear acceler 
ator.

- They are charged particles that interact 
directly with matter giving direct ionisxng 
radiation and in general penetrate better than 
UV radiation.

Miscellaneous radiation facts

- High energy radiation is thought to affect 
organisms either by the formation of free 
radicals or changing a vital cell structure 
such as chromosomal nucleoprotein and probably 
is a combination of both these effects causing 
complete and irreversible inactivation of the 
microorganisms.

- The unit of radiation dosage most recently 
used is the rad arbitrarily defined as 100 
ergs/g absorption. Sterilization dosages are 
usually given in megarads.

- 2.4 megarads is sufficient to kill the most 
resistant microorganisms with an adequate 
safety factor under most conditions. Vegetative 
forms are the most sensitive to radiation 
followed by molds, yeasts, spore-formers, and 
viruses in decreasing order of sensitivity.

- Ionizing radiation has been successfully used 
to sterilize hospital supplies, vitamins, 
antibiotics, steroids, hormones, bone and 
tissue transplants and medical devices such as 
plastic syringes, needles, surgical blades, 
plastic tubing, catheters, prostheses, petri 
dishes and .sutures.
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- Ionizing radiation is effective but the main 
disadvantage is presently the high cost of 
equipment and its installation.

- The intensity of ionization (specific ionization) 
is a function of linear energy transfer (LET).

- LET is defired as the energy lcst/um of path 
of the ionizing particle.

Alternate methods of sterilization - Also known 
as marginal methods of sterilization:

Fractional sterilization or "Tyndallization"

- Used for substances e.g. nutritive, without 
bacteriostatic or inhibiting agents that 
cannot tolerate dry heat or steam autoclaving 
etc. and cannot be filtered.

- The procedure involves the following process 
carried out on 3 successive days:

1. Heat in free-flowing steam for 1 hour to 
kill vegetative bacteria.

2. Place in incubator so bacterial spores can 
germinate.

3. Repeat (1).

Heating with a chemical agent to some temperature 
below 100°C.

- Use spores in similar containers as indicators 
(which are subsequently incubated to test for 
growth) to establish the time and temperature 
required for sterilization.

Boiling
- No longer an acceptable method for sterilizing 
since it does not kill all spores.

- Instruments, hypodermic syringes and needles
can be rendered aseptic but 1: spores are present 
sterility is not guaranteed.

Direct flame
- A minimur of 20 seconds sterilizes (by incine
ration of microorganisms) such items as: forceps, 
needles, metal spatulas, etc.; also lips of 
beakers, flasks, test tubes, etc.

- Disadvantages include local overheating which 
may break glassware and destroy the temper of 
metallic instruments.

01
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- Direct flame also used to sterilize (incinerate) 
contaminated material e.g. cotton swabs and 
pledgets, inoculating loops used in transferring 
bacterial cultures.

- Not to be used to sterilize greasy oily 
materials or tubercular swabs as spattering may 
spread rather than eliminate contamination.

Sterilization indicators 

Chemical

- Some ure small melting-point tubes that may 
indicate the temperature reached but not the 
length of time at that temperature.

- More satisfactory are those that indicate by 
progressive colour change that both the time 
and temperature of sterilization was satis
factory (e.g. made with chromate solution).

Biological

- Some biological indicators also incorporate 
a chemical indicator.

- Biological indicators make use of prepared 
bacterial spores.

- Bacillus stearothermophilus spores are the 
most adequate indicators of steam sterilization 
and are now widely used. It is an obligate 
thermophile that will not grow at 30-35°C but 
grows at 55-65°C. It is nonpathogenic, nontoxic, 
nonpyrogenic and therefore aesthetically 
acceptable.

- Other spore-formers used include Bacillus 
subtilis var. niger (Bacillus globigii) for 
wet and dry heat and ethylene oxide sterili
zation; B. pumi1us and Streptococcus faecium 
for radiation; Clostridium novyi for catgut 
and Clostridium sporogenes for canning.

iiif. Freeze-Drying (Lyophiliration)

The basis of this process is due to the fact that ice will 
sublime at pressures below 3 mm Hg.
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Essentially freeze-drying steps involve:

- Freezing an aqueous product at a temperature below its 
eutectic temperature (i.e. below the lowest melting 
point of the mixture);

- Evacuating the chamber to 0.1 mm Hg or lower;

- Subliming ice on a condensing surface colder than the 
product in the same or a connecting chamber;

- Heating the product (with controlled conditions) sufficiently 
to sublime the product but still keep it under its eutectic 
temperature.

Advantages of freeze-drying include:

- Biologicals and pharmaceuticals usually unstable in aqueous 
solution can be processed using the advantages of handling 
liquids, dried without adverse thermal effects of high 
temperature, and stored in a relatively stable state.

- Fr*eze-dried products often are more soluble or dissolve 
faster.

- Dispersions are more stable throughout their shelf life.

- Products degraded by oxidation have improved stability since 
the process is carried out under vacuum.

Disadvantages of freeze-drying:

- Increased time (a slow process) and handling are required.

- Specialized equipment are of high cost.

- Maintenance of aseptic conditions during processing and 
sealing after drying is essential (slotted rubber closures 
are helpful as they can be sealed in the chamber while 
still under vacuum and the product is protected from 
subsequent exposure to outside air).



o. Quality Control

a. Sterility Test

For details please see USP XIX or BP 1973. In general sterility 
testing should be conducted by suitably qualified and experienced 
personnel.

The use of laminar flow hoods is strongly suggested to avoid 
"false positive" and protection of personnel and other plant areas 
from contamination and/or cross-contamination. A separate area is 
required, i.e. not part of parenteral processing area.

Membrane filtration used in sterility testing as per USP XIX gives 
more reliability in products which are expected to have extremely 
low bacterial count or none.

b. Pyrogen Test

For details please see USP XIX. Rabbits are used as the test animals 
since they show a physiological response to pyrogenic substances 
similar to that of humans.

I

Pyrogen testing is usually performed on vehicles since medicinal 
ingredients may have pharmacological effects that mask a fever 
response in the test animal or cause a spurious pyrogenic response.

Temperature recording devices and thermocouples should be checked and 
calibrated on a fixed routine schedule.

c. Clarity Test

Visible "dirt" is not only aesthetically undesirable but indicates 
the presence of particulate matter that could cause serious harm to 
the circulatory system and vital organs of man and animals.

Inspection is usally perfomed by trained inspectors using good light 
baffled against reflection into the eye against a black and a white 
background to reveal light and dark matter respectively. Frequent 
changes or rests for the inspectors are required to prevent eye 
fatigue and subsequent reduced efficiency.

Particles as small as 10 um can be seen due to light scattering 
(Tyndall effect) by a trained inspector (50 um is the limit for the 
unaided eye).

It has been stated that a maximum of 5 um should be strived for 
since erythrocytes have a diameter of 4.5 um but mechanical scanning 
(e.g. Coulter or another particle counter) would be required for this.

Microscopic examination following collection of sample on a membrane 
filter can yield botl count and identification. This requires care 
and experience but is useful in detecting contamination sources or 
failure of filtering apparatus.



d. Leaker Test

I
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This is conducted on glass ampoules to detect imprefect "bead-seals" 
or "pull-seals". The test is usually done with the ampoules submerged 
in a coloured dye, e.g. 1% methylene blue, solution under negative 
pressure in a vacuum chamber. After thoroughly rinsing the dye 
solution off the outside the dye will be visible inside a leaker which 
is discarded.

Vials and bottles are not given a leaker test since the rubber closures 
are not meant to withstand such a test.

|
t
I

4. Packaging and Labelling

This aspect is a part of standard good manufacturing facilities and 
controls.

i
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STERILIZATION SCHEDULE

EQUIPMENT METHOD PRE
VACUUM
(Min)

TEMP.
(°C)

TIME
(Min)

POST-
VACUUM*
(Min)

MAXIMUM
STORAGE

WRAPPING

Aluminum Foil Autoclave 5 121 30 30 72 h Kraft Pape

Dry Heat _ 250 60 72 Stainless

Ampoules Dry Heat — 250 60 — 24
Steel Con» 
S.Steel t

Bags, Dacron Autoclave 5 121 3C 90 72 S.S.

Basket, Centri- Autoclave 5 121 60 30 72
Container 
Kraft Pane

fuge
Beakers. Stain- Autoclave 5 121 45 30 72 Kraft Papi
less Steel or S.S.

Blow Tank, S.S.
with Bottom Autoclave 5 121 45 30 72 Kraft Pape
Valve § Tubing

Bottles [2-i, 5, Dry Heat 250 60 24** Alum. Foil
and 12 gal)
Bottles, Infusion

Dry Heat — 250 Л0 — 72 Alum. Foil

Bottles, Dry Heat _ 250 60 24** Alum. Foil
Mayonnaise Type
Bottles, Autoclave 5 121 30 30 48 Kraft Pape
Sampling
Brewer Machine Autoclave 5 121 45 30 72 S.S.
Assembly 
Bulk 3ottle Caps Autoclave 5 121 60 30 72

Containers
S.S.

Bulk Trays Dry Heat — 250 60 — 72
Containers

Burettes Autoclave 5 121 30 30 72 S.S. Cans

Cans, Blend Dry Heat 250 60 24

or Kraft 
Paper 
Alum. Foil

Caps (Mayonnaise 
Type Bottle) Autoclave 5 121 30 30 24 S.S.

Caps, Dispensing Autoclave 5 121 30 30 72
Containers
S.S.

Caps, Glass Autoclave 5 121 30 30 72
Containers 
Kraft Pape-

•Follow by drying in oven at 10S°C for 30 minutes if necessary. 
••Prior to capping or stoppering.



STERILIZATION SCHEDULE (Cont'd)

EQUIPMENT METHOD PRE
VACUUM
(Min)

TB1P.
(°C)

TIME
(Min)

POST
VACUUM*
(Min)

MAXIMUM
STORAGE

WRAPPING

Centrifuge Basket Autoclave 5 121 4S 30 72 h S.S.
Containers

Connecting Lines Autoclave 5 121 45 30 72 S.S.
Container?

Covers. Dacron,
Cotton, Glass, Autoclave S 121 45 30 1 wk Kraft Pape
or S.S.

Cylinder, Autoclave 5 121 30 30 72 h Kraft Pape
Graduated

Dispensers Autoclave S 121 45 30 72

Dispensing Caps Dry Heat — 170 60 — 72 S.S.
Containers

Eye Dxfppers Autoclave 5 121 30 30“ 24 S.S. Trays

Filter Pots Autoclave 5 121 45 30 72 Kraft Pape

Filter Press Autoclave 5 121 45 30 72 Kraft Pape

Filter, Cambridge Autoclave 5 121 90 30 72 Kraft Pape
(Micro-atomizer) 

Filters, Sintered
glass, porcelain,Autoclave 5 121 30 30 72 Kraft Pape
asbestos, etc.

Funnels, S.S. Dry Heat — 2S0 60 72 S.S.
Container

Gaskets Autoclave 5 121 30 30 72 S.S.
Container

Glassine Paper Autoclave 5 121 30 30 72“ * S.S.
Container

Gloves, Rubber Autoclave 5 121 15 30 4 d Glove
Pocket

Homogenizer Autoclave 5 121 30 45 72 h Kraft Pape

Hopper, Accofil 
or Die Wheel 
Kettles

Dry Heat — 170 60 — 72 S.S.
Container

First Run Autoclave 5 121 15 — 0 Alum. Foil
Second Run Autoclave 5 121 60 30 72 Alum. Foil

‘Follow by drying in oven at 105°C for 30 minutes if necessary. 
“ Follow by drying in oven at 105°C for 2 hours.

‘“ Not to be resterilized.
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EQUIPMENT METHOD PRE- TEMP. TIME POST- MAXIMUM WRAPPING
VACUUM (°C) (Min) VACUUM* STORAGE
(Min) (Min)

Knife Autoclave 5 121 50 45 72 h Kraft Pape i

Mortar 5 Pestle Autoclave 5 121 30 30 72 Kraft Pape:

Petri Dishes Dry Heat — 170 60 — 72 Canister

Pipes, S.S. Dry Heat — 250 60 — 72 Alum. Foil

Pipettes Dry Heat — 170 60 — 72 Kraft Pape

Powder, Talcum Dry Heat — 170 2 h — 8 d Talcum Can

Recrystalliz. Autoclave 5 121 60 min 50 72 h Kraft Pape’
Equipment 

Scoops, S.S. Dry Heat 250 60 _ 72 Any
Autoclave 5 121 30 30 72

Screens, S.S. Autoclave 5 121 30 30 72 Kraft Pape:

Spatula Autoclave 5 121 30 45 72 Kraft Pape:

Stoppers, Rubber,
Dry Autoclave 5 121 30 30 + 72 S.S.

2 h at 105 C Container
Stoppers, Rubber, Dry Heat
Wet Autoclave 5 121 30 24 S.S.

Container
SyTinges Autoclave 5 121 45 30 72 S.S. Cont. 

5 K. Paper
Tank, Blow Autoclave — 121 45 — 72 Alum. Foil

Tank, Holding Autoclave 5 121 60 30 72 Alum. Foil 
ft K. Paper

Tank, Seed Autoclave 5 121 45 30 72 Alum. Foil 
& K. Paper

Test Tubes Autoclave 5 121 30 30 72 Cotton Plu> 
6 K. Paper

Towels, Wrapped Autoclave 5 121 30 30 72 Kraft Papei

Towels, Unwrapped Autoclave 5 121 30 30 72 —  ■

Trays, Bulk Dry Heat — 250 60 — 72 S.S.
Container

Tubing, Rubber Autoclave S 121 30 30 72 Kraft Pape-

Vials Dry Heat — 250 60 — 24 S.S. Trays

•Follow by drying in oven at 105°C for 30 minutes if necessary.
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STERILIZATION SCHEDULE (Cont'd)

EQUIPMENT METHOD PRE-
VACUUM
(Min)

VEHICLES 
Tween #20 in 50 
ml Vials 
Water - to

Autoclave 5

500 ml Volume Autoclave 5
Water - 500 to 
5000 ml 

Water - 5 to
Autoclave 5

20 liters Autoclave 5

PRODUCTS

Procaine HC1 Dry Heat —

Polyvinyl
Pyrrolidone Dry Heat

Sodium Carboxy- Dry Heat
methyl Cellulose

Sodium Citrate Dry Heat —

Sodium Hydroxide Autoclave 5
in 100-500 ml

Fat Emulsion Autoclave 5

TEMP. TIME POST- MAXIMUM WRAPPING
(°C) VACUUM

(Min)
STORAGE

121 30 min 48 h
Cotton or 
Urethane

121 30 min 48
Plugs and 
Kraft Pape

121 1 h — 48
Hoods

121 2 h - 48

120* 8 h — Indefinite

120 2 h — Indefinite
60 8

150* 2 h — Indefinite

150* 2 h — Indefinite

121 1 h — Indefinite

121 30 min — Indefinite

‘Check with thermocouple.
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___ Manufacturing Work Order O
Formulated by Mg. X. 8.Sc. 
Checked by itt. Y. 8.Sc.

4* Product SeitzaZide CoZd Ante-Rust GeAmceidaZ Amendment Dated
“ SoZutcon Lonce.ytfA.auCi

Lot No. Quantity: Theoretical *0 gaZZons \  Deviation
409' 05 -5%Issued by_______________________ Actual Yield _____________

All Equipment Checked for Manufacture Started_____________________
Cleanliness by_________________ Manufacture Ended_______________________

RAW MATERIAL LOT
NO.

WEI
Metric

GHT ,Avoirlb-oz-gr
WB1 CB2 AB3 MC*

1 Hyamine 3500
Benzalkonium ChZoAide 50% 16.330 kg 36-0-0

ID
2 a \

2 Sodium H i t t i t e  USP i.165 kg 1S-0-0

5 Methylene BZue USP 1.166 ] 0-0-1S
s

4 IsopAopyZ AZcohoZ USP 67.734 Z
14 gaZ 
144 f l . o z . X

5 VistiZZed lilatet USP to pAod ice 409.050 Z 90 gallons

Total Theoretical Yield

Total Actual BULK Yield_________________________________ % Deviation 5
Total Actual FINISHED PRODUCT Yield_____________________  % Deviation 5

Special Instructions-
I. Keep dAums of in-pAocess mateniaZs tigk tZy  dosed and away from t ig h t .
1. Make ¿uaz aZJZ containeAS and equipment one. c lean ly id e n tif ie d  by Zot.  
Manufacturing Instructions:
1. Dissolve Item 3 in  Item 4 in  50 Z itn e  stain less s te e l d ix ie .
2. Dissolve Item 2 in  20 gallons of wateA in  125 gaZZon polyethylene tanti._
3. Add Step 1 to  ¿amc tank and mix foA 10 minutes.
4. Add Item 1 white mixing with hand paddZe.
5. Add s u ff ic ie n t  wateA to bninq to 90 gaZZon volume and mix foA 15 minutes

w ith tank coveted.___________________
6. FiZteA and package.__________________

Initials of person weighing material;
Initials of person checking the weighing;
Initials of person adding material to bulk batch;
Initials cf person witnessing addition to batch;
Material cost (for accounting purposes). )

(V/Bl -
CB‘a-
AB9h-CB^b-
MC3 -

Processing Completed: 
CLEAN EQUIPMENT as per 
Released for Packaging:

________ __________  Sampled by Q.C.:
Instructions at End of Run:____________

Date:
Checked by:

Quality Control Department



Manufacturing Work Order Q
Formulated by____________
Checked by_________________

3. Product C. T. 8i o A u l k o l  S. A.______________  Amendment_______ Dated_____

Lot No. Quantity: Theoretical 35.500 tabs -2%
Actual % Dev.

Issued by _____
All Equipment Checked for Manufacture Started
Cleanliness by_______________  Manufacture Ended 

RAW MATERIAL LOT
NO.

WEIGHT
Metric Avoirlb-oz-gr

ctf A Î MC?

1 Phtlu/l i a i  ¿acetamide MF 5783.4 q 12-12-0
2 SulAaauanidine SPC 5783.4 q 12-12-0
5 SulnOthiazole SPC 2296.35 a 5 -1-0
4 Kaolin (C o llo ida l) MF 4613.95 q 10-2-528
5 F.O. S C. Lake *5 119.0 q 0-4-85
6 S ta c k  USP 368.55 q 0-13-0
7 D is t i l le d  Waten. USP 3693 ml 130 U .  oz
8 Vxied (lit PotaAAium Chlox<

USP
de

2268.0 g 5-0-0 N
h 9 Stxeptomycin Base s 

Stieotomucin Sulahate BP 1000 g 2-5-119 N
10 Pectin HP 2268 a 5-0-0
11 S ta c k  USP 609.54 a 1-5-219
12 Stexotex HS 226.8 q 0-8-0
15 !-(aqnesium Steaxate SP 56.7 g 0-2-0

Total Theoretical Yield 25,393.69 g 55-15-315
* '(Height ad justed bused on actual q u a lity  c o n fia i assay xesults 0¡( taw maX.z'UaJL. Total Actual BULK Yield ________________________  % Deviation__________
Total Actual FINISHED PRODUCT Yield___________________ . * Deviation___________
Special Instructions:
J . Keep d/ums .¿n-pnoce44 mate/Uali t ig h t ly  closed and aivay ¿xom L igh t.
Z. \(ake suxe a t t  containexs and ¿qutpmcnt atie cleanly id e n tif ie d  by t o t .  
Manufacturing Instructions:
?, Pifar̂ g i , j, 1 , 4, 5 in  xibbon blendex and mix fox 10 min a t xeg. ¿peed.___
2. Add 10% ¿touch paste and mix a t neg. ¿peed bon. 10 min.
3. Pa.si through. Ho. 4 sexeen, place on papex lined  tnajys in  the dxiex a t  40°C 

¿04. 24 houXS.
4. Screen thxouak 12 mesh in to  toned containex and weigh Gxoss

Tone
Wet _________

5. Sexeen 8 and 10 thxough Ho. 12 meAh, 9 thxough Ho. 24 meAh and add Item*
11, 12, and 13 to  Step 3. f-Ux in  xibbon blendex. Blend a t  xeg. apeed 10 min._

6. Tablet on stokes ¿ in g le  using \ inch Standard Concave Punch and V ie.
Thickness: 0.215n tS t Tablet (Height:
Haxdness: 2-4 kg 11.0388 gxains -51; on
V isin tegxation : Less than 30 min. 715.315 mg t 5%

Processing Completed:__________________ Sampled by Q.C.:_________
CLEAN EQUIPMENT as per Instructions at End of Run:_________j Checked by:
Released for Packaging:_____ ______________________  Date:_______________

Quality Control Department
*See explanation on page



Manufacturing Work Order f~l
Formulated by ¿fa y B.Sc. 
Checked by h* y g_Sc.

Product Hudrocortisone Ointment 0,51 uiitit Neomycin Amendment________Dated____
Lot N o . _________________ Quantity: Theoretical 59-75-239 * Deviation

Actual________________ ______ 5______
Issued by__________________________
All Equipment Checked for Manufacture Started ________________
Cleanliness by____________________  Manufacture Ended___________________

RAW MATERIAL LOT
NO.

WEIGHT
Metric

Avoir
lb-oz-vr

WB* CB* AB* MC*

1 (Chite Petrolatum USP ? £37$.5565 9 40-8-119.7 X
2 Mineral O il Heavy USP 7722.0164 9 17-0-168

3 Para¿¿in Шах USP 555.9775 9 1-3-267.4 4N S
4 Aracel-C Atlas 272.403 9 0-9-266

5 Hydrocortisone USP 136.2132 9 0-4-352

6 Neomycin Base USP + 7 4? overaae.
108.983 9 0-3-369.3

7

8

9 !
10 \
11

12

13

Total Theoretical Yield j  27,203. 1372 9 59-15-239 MC/G x4

*See explanation in  Appendix ЗА.
Actual BULK Yield_____________________________________________  % Deviation______
Actual FINISHED PRODUCT Yield___________________________________ % Deviation______
Special Instructions: /. Keep a l l  bulk containers t ig h t ly  closed.
2. Store a l l  materials in  l ig h t  res is ta n t containers, in  coo l dry place.
3. Personnel to  тал p ro tec tive  heat res is ta n t gloves and eyeglasses in  сале hot
Manufacturing Instructions: waxes splash.
1. Place Itemл 1, 1, and 3 in  a 100 l i t r e  sta in less s te e l ¿team jacketed k e ttle  

with Lightning No. 2 ag ita tor.
2. Apply ¿team u n t i l  temperature reaches 90°C and a l l  ingredients melted.
3. S ta rt a g ita to r and mix ingredients a t regular ¿peed ¿or 15 min while maintaining 

temperature a t 90°C.
4. (Chile mixing, add Item 4 and ag ita te  ¿or an additional 5 min a t 90°C.
5. Reduce heat to  70°C and add Items 5 and 6 and continue mixing ¿or 10 min.

Processing Completed:____________________  Sampled by Q.C.:____________________
CLEAN EQUIPMENT as per Instructions at End of Run: ______  Checked by:_______
Released for Packaging:________________________ Date- _____________ _

Q u a lity  c o n tr o l Department
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À s'cengia
spacmEK of packaging spsci?ic.irioy card

PACKAGING ORDER

Date Packaging Started

Prepared by_____ Date
Checked by______ Date

Bulk Quantity___________

Product Lot No.

Supplied by__________________________________________________

% Deviation_________________________  Special Precautions

UNIT QUANTITY ISSUED ADDITION ISSUED
SPECIFICATION unit Size

Container Size
Tube and Colour
Dessicator
Filler - Cotton

Cello
Cap and Liner
Celloseal
L?bel - Front *

Side *
Shippine Label
Brochures

ACTUAL YIELD

Warning Stickers*____ Price Stickers

Boxes_____ Labelled______  Printed_

Size of Boxes_________  Brochures^__

Group Wrapping______Promotional
Literature_____

Special Additions___________________

% Loss/Gain________

No. of Labels Destroyed______

No. of Finished Product Units 
Damaged or Destroyed_________

No. of Uniti Sampled by Q.C.

Xi
I
l
r

Ï
t

r
r
VX-
f
k
r
r
t
l
r

Shipping Carton: Size______Number

Carton Labelled________  Lot No.____

Special Packing Instructions_______

Special Storage Instructions_______

Released by: y

Signature, Manager of Q.C.

Date

Special Shipping Instructions

Date Entered Inventory_______________ _ Date First Shipment Made
Amount Received by Warehouse_____________
Signature of Receiver____________________  Date Last Shipment Made

♦Samples attached to the back of this packaging order.
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Ascer.di;c 7
Ei-PROCESS SUALITT CONTROL SPECIFICATION AND TEST SPEC D E N

T h r \ r * T T u - m ~ r t  
l A ^ W U i ’1 i L.

Master prepared by__________
Checked by__________________
Amendment No.________ Date___

P r o d u c t ______________________________Lot No._______________________

Theoretical Quantity__________________  Date_________  Issued by

Date

SPECIFICATIONS

TEST Report Results 
as Average of:

FREQUENCY OF 
Production

TESTING
Q-'

THEORETICAL
DEVIATION

ACTUAL
DEV.

Average Weight 10 tablets Every 15 min Every 
2 hours

Hardness 5 tablets Every 15 min Every 
2 hours

Mean Tablet Thickness 5 tablets Every
hour

Disintegration 
fComoendial Standard-)

6 tablets

Disintegration 
fCompany Standard-)

6 tablets

TEST RESULTS

No. Time
Average Mean Tablet DISINTEGRATION 1
Weight By Hardness By Thickness By Compendial By Company By

1
2
3
4 '
5
6
7
S
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
4eán Value!
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Ac: Li:: 71
RAW MATERIAL 5FECI?ICaTI0N AID ISST 5P5CDEN JCCUMSSTT

r a w material (Our n a m e)
FIRST SUPPLIER __________

SECOND SUPPLIER

OUR LOT
CERTIFICATE OF ANALYSTS

S U P P L I E R  L O T

OUR STANDARD

OTHER STANDARD

T E S T S SPECriCATIONS RESULTS

APPEARANCE

ODOUR

SOLUBILITY

IDENTITY

MELTING POINT °  C.

LOSS ON DRYINGiWATER

RESlOL'E ON IGNITION

PH'ACIDITY'ALKALINITY

HEAVY METALS

1 R SCAN

CHLORIDE

SULFATE

i. m ic r o b ia l  l im it s

2. o ptic a l  r o ta tio n

ASSAY REFERENCE

ASS/Y LIMITS

STORAGE INSTRUCTIONS

CATEGORY □  RELEASEO □REJECTED

C ontro  I Chemi st 
O a t» ____________

Q. A. M anager. 
Date__________

APPROVALS



г Acser-l-.c 711
■’INISHZD PRODUCT SPECIFIC*. rlUN AND USI SPECIMEN DQCUÎ3NT

Product: 
Supplier: 
Appearance:

Date:
House Lot No. : 
Supplier's Lot: 
Expiry Date:

Identification: (Bulk and final Product Dosage
Form)

Method :

ASSAY:___________________ ___________ ________________________________
Label Assay Percent Percent Method

Ingredient (3)___________Claim______ Results_____Limits Claim______Used

CONTENT U N I F O R M I T Y : ______
Label Assay

Run Number______Claim______Results
1
2
3
45
6
7
8 
9

___10___________________________

DISSOLUTION:
Limits Run Number

1
2
3
4
56

tClais

Mean Disintegration (Food t Drug) :_________ Average Weight (Gross)
Mean Disintegration (Compendial______ /House:_____ Hardness:___
Weight Variation: Mean Tablet Thickness: ___
Other Test?: House/Compendial

Limits

(Net)

D3te Released for Packaging___________Finished Product
For Sale Released to Warehouse

) Manager, Quality Control Vice-President, Quality Control
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Appendile T i l l

FINISHED PRODUCT PEKMA-WT SPECIFICATION DOCUMENT

PRODUCT-------------------------------------------------------------------------------------------------------

SUPPLIER------------- .-----------------------------------------------------------------------------------------

A-TABLETS Of CAPSULES

APPEARANCE-------------------------------------------------------------------------------------------------

SIZE---------------------------------i------------------------------------------------------------------------- —

THEORETICAL WEIGHT____________________________________________ ____

WEIGHT VARIATION---------------------------------------------------------------------------------------

DISINTEGRATION------------------------------------------------:------------------------------------------

DISSOLUTION------ ------------------------------------------------------------------------------------------

CONTENT UNIFORMITY----------------------------------------------------------------------------

HARDNESS LIMITS-----------------------------------------------------------------------------------------

B-LIQUIDS INJECTIONS & OINTMENTS

APPEARANCE_________________________________________________________

SPED FIC GRAVITY__________________________  R-OH CONTENT----------------

p h  __________________________________  TOTAL SOLIDS__________

STERILITY_________________________________  PYROGENS--------------------

EXPIRATION OATE (if rtquirtdl__________________________________________

STABILITY TESTS.__________________ __________________________________

WARNINGS__________________________________ — -----------------------------------

STORAGE____________________________________________________________ _

OTHER INTRUCTIONS - _______________________________ _—

s
X
2n
63o

INGREDIENTS LA8EL AOOED % LIMITS ASSAY IDENTIFICATION
ASSAYED CLAIM OVERAGE _ METHOO METHOD

1



Appendix IX

J
I

SAMPLE TO PAINT®

No. ol labela required 

Date tu o i__________

LABEL REVIEW SPECIFICATION

FINISHED LABEL RECEIVED FROM PRINT®

Product: -

LABEL CHECK LIST

□ Nana 1  Dotaga: Main Panai □
□ Pharmacological C laaailication: Stria Panai □
□ Standard. NF. USP. BP. CF. DS. Othar • Main Panai □
□ Lol No.: Sida Panai □
□ Contant: Sida Panai □
□ Eap. Data: USP. DS. Vitamina - Sida Panel □
□ DIN: Main Panel □
□ Caution o> Warning: Main Panai □
□ Doae B Roula ol Adminialration; Oral. Parental. Rectal. Entamai, 

Sublingual - Side Panai
□

o Symbole: Pi. N. C, Blank • Main Panaa n
a Contraindicaliona B Indicanone: Sida or Main Panala p
n Preacribing Information. Sida Panol □
□ Storage: Sido Panai n
□ Vitamin Minimume: I l In Eacaaa label to carry Cautlon-Tharapautic 

Uae Only * Main Panel
□

□ Spalling: a
Quantity Oete:

Approved by VtcaPraaidunt O .C ,___

Data: ________________

No. al lattala racaivad

D jla  _ _ _ _ _ _ _ _

Lot No. aaaigned _ _

winlt-
I

I-W« «WWW**
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MANAGEMENT STRUCTURE FOR ACDIMA FORMULATION PLANTS



____ I______
ipervisor,
icrobiology

Graduate
&

Techni
cians

Г
Í.

A i i »endi X. XI

MANAGEMENT STRUCTURE OF QUALITY CONTROL AND RESEARCH DIVISION
VP OR DIRECTOR, 
Q.C. $ RESEARCH Secretary

X

Manager, 
Q.C, Lab

I
—  Secretary

Supervisor,
Chemical
Analysis

Graduate 
$

6 Techni
cians

Manager,
Research Lab

Supervisor,
Instrument
Lab

Supervisor,
Finished
Product
Analysis

1 Graduate 
$

6 Techni
cians

1 Graduate 
$

6 Techni
cians

Librarian 
Ç Data 
Retrieval

Graduate 
6

4 Techni
cians__

Secretary
X IManager, 

Production Q.C. •Secretary
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Appendix XI?
NUMBER OF FORMULATION PLANTS IN ARAB COUNTRIES AND PERCENTAGE OF

LOCAL CONSUMPTION PRODUCED BY THESE PLANTS*

NO. OF PLANTS $ OF LOCAL CONSUMPTION
COUNTRY IN PRODUCTION IN *977 PRODUCED

Morocco 15 73
Egypt 10 56
Algeria 3 35
Sudan 3 •5
Syrian Arab Republic 3 *5
Iraq 1 30
Tunisia 1 25
Jordan * 20
Kuwait •1 10
Libyan Arab Jamahiriya 0 7
Saudi Arabia 1 3
Yemen 0 0 (* unde rws
United Arab Enirates 0 0

39

The total number of plants in operation in the Arab countries = 59*
These plants produced 44$ of the pharmaceutical dosage units concumea 
in the Arab countries.

♦The information was supplied by ACDIMA personnel



Appendix XV
AVERAGE ANNUAL MEAT PRODUOTiON (in Thounanda of Metric-. Tone)

IN ARAB STATES AND THE RESPECTIVE IMPORTANCE FOR EACH STATE. 1971-197-S

CATTLE
STATE

Amount %
SHEEP ft GOATS 

Amount %
POULTRY 

Amount %
OTHFRS

Amount %

TOTAL

Amount %

Bahrain 1 0.4 1 0.6 2 0.1Iraq 54 7.9 89 15.2 9 3.7 6 5.0 160 9.6
Jordan 1 0.1 6 1.0 4 1.5 1 0.6 12 0.7
Kuwait — — 1 0.2 5 2.0 2 1.3 8 0.5
Lebanon 6 0.9 10 1.7 22 10.1 5 3.1 43 2.6
Saudi .Arabia 4 0.6 28 4.8 5 2.0 25 15.7 62 3.7
Syrian Arab Republic 15 2.2 58 10.0 10 4.1 — — 78 4.7
Yemen 14 2.1 49 8.4 1 0.4 2 1.3 66 3.9
Democratic Yemen 1 0.1 6 1.0 1 0.4 1 0.6 9 0.5
Algeria 27 3.9 47 8.0 28 11.5 7 4.4 100 6.5
Egypt 219 31.9 47 8.0 80 33.0 21 13.3 367 21,9
Libyan Arab Jamahiriya 3 0.4 15 2.6 3 1.2 2 1.3 23 1.4
Mauritania 20 2.9 14 2.4 2 0.8 8 5.0 44 2.6
Morocco 85 12.5 70 11.9 45 18.5 12 7.5 212 12.7
Somalia 31 4.5 37 6.3 2 0.8 27 17.0 97 5.8
Sudan 189 27.6 93 15.8 11 4.4 31 19.5 324 19.4
Tunisia 16 2.3 22 2.8 13 5.2 6 3.8 57 3.4

TOTAL 685 100.0 587 l'n.O 242 100.0 159 100.Ü 1,673 100.0

Source: Fr-om AGDIMA's "Arab Pharmaceutical Conuumptiun and Induutrius - A brief Report", Livestock and
Veterinary Pharmaceuticale Section, Pâ je 9.
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XIII OPOTHERAPEOTICSl --

A. Summary

I; Present:

(a) Develop the Bio assay method, of testing insulin in the State 
Drug Control Laboratories in Iraq, Syrian Arab Republic and Sudan 
to check imported as well as locally produced insulin.

(b) Take up formulation of insulin from the imported insulin in 
crystal form for reasons of economy. A start can be made in 
Egypt and Iraq to be extended to Sudap and Syrian Arab Repuolic.

(c) Organize collection of pancreas from slaughterhouses and 
freezing. For this purpose, the slaughterhouses should be 
provided with deep freezer units*till adequate quantity of 
pancreas becomes available for taking up commercial production 
of ipsulin, the frozen pancreas can be exported.

(d) Expand the catgut manufacturing facilities at Nile Co. in Cairo 
to process the entire quantity of sheep intestine from slaughter
houses in Egypt for export. Also collect sheep intestine in 
Sudan for the above expansion pregramme.

(e) Organize laboratory and pilot plant Beale experiments on the 
extraction of insulin, isolation of heparin, preparation of 
rennet in Egypt, Sudan and Iraq.

(f ) Use the blood from all slaughterhouses in Egypt, Iraq, Syrian Arab 
Republic and Sudan as fodder for animals, (blood meal,).

II: Future:

(a) Plan for the establishment of an insulin plant in Egypt or Iraq, 
preferably in the latter. For viable production, there should 
be at least 200 tons of Pancrea« per annum. The limitations on 
the use of pancreas of . sheep such as allergic factor and the low 
yield of insulin should be investigated and the proportion in 
which sheep pancreas can be used along with cattle or camel
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pancreas has tc worked out before the feasibility of 
establishing a plant for the commercial production of insulin 
can be considered. The world resources of cattle pancreas are 
limited and ais such the possibilities of import have to be 
explored before hand.

(b) Requirements of rennet, catgut, heparin, blood plasma and albumin 
and blood meal in Arab countries are to be worked out in order to 
assess the need to establish manufacturing facilities for the same.

(c) Organize the processing of plasma and albumin from blood in Baghdad 
and Khartoum.

(d) Plan for the erection of plant facilities for rennet in El Nasr Co, 
Cairo.

(e) Build a new catgut factory in Sudan.
(f) Carry out feasibility studies for the production of heparin.



к  Ä
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____  3. Livestock in ACDIMA countries
Information was collected on the livestock population in different 

Arab States and is shown in tables 1 to 3.

C. Slaughter houses in ACDIMA countries
Prior to visit to dif erent slaughterhouses, data was collected.

Dr. Fahmy Awad of the Faculty of Veterinary Science, Cairo University visited 
as U.B. Expert different Arab States. The information furnished by him on 
the livestock slaughtered in different States is given in table 4.

7isits to slaughterhouses
1. Cairo, Egypt
The Cairo slaughterhouse was built fifty years ago and is too small at 
present. It is old fashioned with slaughter partly outside, without 
the possibility of collecting the blood properly, and with cooling 
facilities^ out of order. It is evidently too small for a city of about 
nine million inhabitants like Cairo. The slaughterhouse houses the cat
gut factory of Bile Co. Department, for collecting and cleaning of sheep 
intestine as raw material. Figures about animal slaughtered were given 
by the slaughterhouse director and the head of the catgut department.

2. Alexandria (Egypt)
Although the Alexandria slaughterhouse is old and seemingly too small, 
nevertheless it is bigger than the one in Cairo and the working 
conditions are better. It has not been possible to see the cooling 
facilities. Also in this slaughterhouse there is a department of the 
Cairo catgut factory.' Data about Alexandria slaughterhouse was given 
by the head of catgut factory department.

3. Mansura (Egypt)
In Mansura there is a completely new and modern slaughterhouse with 
good cooling facilities, but the capacity is very small. Figures were 
obtained from the Slaughterhouse Director and a Veterinarian. The data
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liable 1. AVERAGE ANNUAL NUMBER OP ANIMALS IN

ARAB o 0 1 COa 1?71-V73 ( THOUSANDS)

COUNTRY
Sheep Goats Total Cows Gamoos Total

Bahrain — 9 9 — — —

Iraq 15,333 2,453 17,786 1,983 293 2,276

Jordan 412 366 778 39 — 39

Kuwait 91 73 164 6 — 6

Lebanon 227 334 561 87 — 87

Qatar 37 43 80 — — —

Saudi Arabia 3,091 1,822 4,913 307 — 307

Syrian Arab 5,402 692 6,094 511 1 * 512
Republic
Yemen 3,487 8,169 11,656 1,223 — 1,223

Democratic 220 885 1,105 94 94
Yemen
Algeria 8,188 2,290 10,478 903 — 903

Egypt 2,010 1,234 3,244 2,126 2,097 4,223

Libyan Arab 2,552 1,083 3,635 109 . — 109
Jamah irî ra
Mauritania 3,425 2,623 6,048 2,183 — 2,183

Morocco 16,925 7,923 24,848 3,523 — 3,523

Somalia 3,900 5,000 8,902 2,866 — 2,866

Sudan 12,733 9,800 22,533 14,067 — 14,067

Tunisia 3,133 573 3,706 673 — 673

TOTAL 81,166 45,372 126,538 30,710 2,391 33,101

Source: AFAO Statistics 1976.
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Taule 2. Livestock in Sudan '

* A

Rçferanco . Sheep Cattle (oxen, 
cows, hulls)

Goats Camels

Ministry of Animal Resources 
and Agriculture

15 000 000 41 000 000 11 000 000 3 000 000
Kc.daro slaughterhouse 
director

16 229 000 15 365 000 11 229 000 2 361 000



T able 3 . Average annual meat p rod u ction  tin Arab c o u n tr ie s  d u rin g  1971-73 ( i n  000 t o n s )

Country Cattle Sheep & Go ate Poultry Others Total
• amount % amount % » amount % amount % amount. %

Baurfcin - - - 1 .4 1  ’ .6 2 . 1
Iraq 54 7.9 89 15.16 9 3.7 8 5.0 16 0 9.6
Jordan 1 . 1 6 1 . 0 2 4 1.5 1 .6 1 2 .7 •
Kuwait - - 3. .16 5 2 2 1.3 6 .5
Lebanon 6 .9 1 0 1.7 22 1 0 . 1 5 . 3.1 43 2 .6
Saudi Arabia 4 .6 28 4.77 5 2 .0 25 15.7 62 3.7
Syrian Arab 
Republic

15 2 .2 53 9.95 1 0 4.1 — 78 . 4.7

Yemen 14 2 . 1 49 8.35 1 .4 2 1.3 66 3.9
Democratic Yemen 1 . 1 6 1 . 0 2 1 .4 3. . .6 9 0.5
Algeria, ?7 3.9 47 8 . 0 1 28 11.5 7 4.4 10 0 6.5
Egypt 219 31.9 47 8 .0 1 80 33.0 2 1 13.3 367 21.9
Lyoian Arab 
Jamahiriya

3 . .4 15 2 .6 0 3 1 . 2 2 23 1.4

&lourj.tania 20 2.9 14 2 .4 0 2 .8 8 5.0 44 2 .6

Morocco 85 12.5 70 11.92 45 18.5 1 2 7.5 2 12 12.7
Suer ilia 31 4.5 37 6.30 2 0 .8 27 17.0 97 5.8
Sudan 189 2 7 .6 93 15.80 1 1 4.4 31 19.5 324 19.4
Tuniola 16 2.3 22 2.75 13 5.2 6 3.8 57 3.4

T O T A L 685 10 0 587 10 0 242 10 0 159 10 0 1673 10 0

Rofj "Arab Pharmaceutical Consumption and Industries, Brief Report, 1975"



T able 4 . Data on laughter in Arab ountrlea

Slaughterhouse Sh£!8D Ca1btlo C ot.sin Piss_______ Donkeysner day Tier year Dor dav nor year T»or da'* per voar ■per day per year per dry tier ’. ear
Cairo

(3 days per Keek,
Alexandria 

(3 daya per week, 
15C erwr. uc-r year)

Z  QQO 310 000 500 . 77 5il0 r 25__ 3 880 t

200 31 000 10 0 15 600
<\

50 7 750
.‘.j'.irtou;.'

(7 ¿ay-3 per week, 
_365 dr-va T>cr year)

"¿66
to
700

average 
235 000

200
to
300

average 
80 000

¿aghdi.d
(7 days per week, 
'.f>r> d :•*.*- upr voar) 200 73 000 10 0 36 500
(aheut 200 days 
ror veer)

¿>60“
to
300

average 
50 000 50 10 000

•
iiunioia

(about 200 day8 
rev y?ar)

— 206 
to 300

average 
50 000 10 0 20 000 , 100 20 000

AfcU <1 Ck X "C
(about 200 days 
per year) 200 40 000 10 0 20 000

Total 
per year 789 000 259 600 3 880 7 750 20 000

i
LIjl
I
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compiled from the slaughterhouses visited in Egypt are shown in 
tables 5 to ?.
4« Khartoum, Omdurman (Sudan)
Khartoum has two slaughterhouses. An old one in Omdurman and a new 
one in Kadaro, near Khartoum.
Omdurman slaughterhouse is functioning well but not too modem. It 
was not possible to see the cooling facilities. They worked only by 
night. Data was given by slaughterhouse staff and by the Ministry of 
Animal Recourses and Agriculture .(See table 8).

5. Kadaro near Khartoum (Sudan)
A new, completely modem slaughterhouse, built a year ago, exclusively 
for export, is situated in Kadaro about 25 km from Khartoum. It has 
good cooling facilities at 4°C for 50 tons and at 20°C for 10 tons.
The slaughterhouse .uses many refrigerated trucks for transport. But 
this slaughterhouse has been out of operation since the end of May 1977. 
According to the Slaughterhouse Director they hope to start the work 
again in September 197?. In addition, they expect an expansion during 
next year. The Slaughterhouse Director provided figures of slaughter, 
and he informed about a new private slaughterhouse that would be built 
in 1979 in Khartoum and the slaughter expected there. According to data 
obtained from him anl from the Ministry about the animal stock in the 
Sudan, figures about slaughter expected in next two years seem realistic.
6. Damascus ( Syrian Arab Republic)
Damascus has a new, well run slaughterhouse. They have good cooling 
facilities at 4°C. Figures are furnished by the Slaughterous« D-irector 
who informed about Aleppo slaughterhouse as well and are shown in 
table 9.



'Pable 5- Data on Cairo S lau gh terh ou se

Referenoe Period Sheep "Calves
%

Oattía 
(oxen, cova, 
bulls)

núií'áloés Oamels P ic »

Slaughterhouse director 1 "‘■a»1 'i* ■ ■ ■'■■■ ■ouxy
1977 25 600 4 296 6 517 1 302 2 005 2 ODO
por annua 307 200 55-A6.2 . 78 204 15 624 24 050 24 000

'.h e  head of cat' ¿ut 
•factory u o p . 'r  tnent in 
O ai.ro  ijj. aughterhouse

u r i! . PT^,P 1.1- P ■ ■!.

1 9 /6 _ .269 436 ' 63 594 92460____ 16.371 . 25 fì75 40 801
¿'ir at six 
ir.on'tha
1977. . 143 577 27 897 45 358 8 508 1 497 20 220
por annua 
5 977 g a r o s i . 55JLML 90 716 17 016 íL 2 ? A _ 40 440

. . t > 1 cnriurJ ¡ Selected J ‘ 287 200 55 800 90 700 17 000 24 000 40 400

I
Uju



Table 6. Data on Alexandria slaughterhouse

(Figures collected from the head of cat gut faotory department 
In Alexandria slaughterhouse)

Period Sheep Calves Cattle (oxen, 
cows» hulls)

Buffaloes Camels Pig3»
525 — 597 — —  -^s<7 — - 12o. 2 - v:> 5.3.1977 297 3 'F T 21b

r / \  1.;l9Y7 - - - ¿ 1 - - AVI . 592 4.38
t VI 670 8-/(5 ------

ij.» 4 *4 J • 4 ? L - - P i  - fro 3Mo
1 C L ,& $ T T 1 - M  . r- * U . _ .531 ------ m — 1

73 I r s 2 G62 2 581 3 117 _ 2 302 2
Por annum 14 400 13 ooo 15 600 11 500 8 1 500

*Pigs: - in summer per month: 100 . 6 » 600
- in winter per month: 150 . 6 ®_J§00
- per annum: 1“5Z)C>



T able 7» Data on E gyptian S lau gh terh ou ses

Slaughterhouse Sheep Calves Cattle Coxen, 
cown, bull la)

Buffaloes Ciameia Pigs

Cairo 287 2CO 55 809 90 700 17 000 24 000 40 400

Alexandria 14 400 1 3 000 1 5 600 1 1 500 1 5C0

I'at-.aura* 1 2  000

Total 301 600 68 800 1 1 8  300 20 500 24 000 41 soo

# The figure obtained from the slaughterhouco director / 
and a veterinarianl oxen 200 to 230 per week.

1



T able ü. Data on Khartomu S1au<?herhouees

Slaughterhouse Figures collected from l’erobd Sheep "“Cattle "(oiüïïy' 
•cows, hmle)

Oindurman

Omduruian slaughterhouse 
staff per day 1 000 200

per annum 
O 00 working
-'JhYfO ...... 100 000 60 000Ministry oi.Animal 

Resources and 
Agriculture

per annum 
*i975/76 
(July to Jure) 211 000 64 600
per annum
1976/77(.Tulv to June) 250 000 .... 66 000__ _

Selected per annum 250 000 60 000

Kadaro
Kadaro slaughterhouse 
director

per annum 1 $77 
tout of 
operation) I lu* !o o o o o 75 000
per annum 1976 45Ö(JÜÜ 000

New private 
slaughterhouse

Kadaro slaughterhouse 
director per annum 19 79 210 000 120 000

Total 1979 per annum 910 000 300 000



T able 9« Data on s la u g h terh o u ses  in  the Syrian  Arab R epublic

Reference Slaughterhouse Period Sheep Öatile (oxen, cows, 
bulls) and camels

Damascus slaughterhouse
director

\

Damascus per day 1 3ÖÖ to 
1 400

1Ö
per annum 
(3 0 0 working 
days) 400 000 3 000

Aleppo per day _ . io. to 35per annum 
(300 working 
days) 10 000

Total per annum 400 000 1 3 000

Slaughter in Saudi Arabia during three daya in November (once per year)

Reference Total Sheep and 
"oato

Catile (oxen, 
cows, bulls)

Camols

Tho Arab Company for 
Livestock Development, 
Damascus

1 000 000 
to

1 500 000 
average 

1 200 000

85%
or

1 020 000

109É
or

12 0 000
or

60 000
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7. Baghdad (Iraq)
In Baghdad there are four slaughterhouses and one of them was visited 
and data was given by the Director of Al—Risapha slaughterhouse. This 
slaughterhouse is modern, built three years ago. According to the 
General Director of Veterinary Services in Iraq and the Slaughterhouse 
Director, the new slaughterhouse that will cover the needs of Baghdad, 
will be completed in 1979« The General Director of Veterinary 
Services provided figures about slaughter in Iraq in bigger slaughter
houses in 1976 and these are shown in table 10.
8. Slaughter in Saudi Arabia
According to suggestions of the Arab Co. for Livestock Development in 
Damascus, itrwould be possible to arrange the collecting of pancreas 
from animals slaughtered in Saudi Arabia during the three days in 
November. They could request the Saudi Government to decree such a 
collectiori. In this case the Saudi Government would borrow the necessary 
deep freezers from private owners.
A resume on the data collected on slaughterhouse., in different Arab 
states is given in tables 11, 12 and 13.
Collection of pancreas in slaughterhouses

In all slaughterhouses visited, the method of collecting pancreas 
and at what strge of slaughter the cleaning procedure and the need to 
freeze forthwith were explained. There are no deep freezer units in 
the slaughterhouses, except in the slaughterhouse in Kadaro.

According to the Veterinarians in many slaughterhouses, 
of frozen pancreas will be about half of the cost of meat.

the price



T able 10. Data on Baghdad s la u g h te r h o u ses

Figures collected from Slaughterhouse 
(260 working 
days nor annum)

»
SheJCU

Cattle (oxen,cows, 
bulls) and buff alo e.' Can-els

per day per annum per day per annum per day per e on urn

Al-dieapha slaughter~ 
house directori

Al-Rlgarba 2 000 520 000 250 65 000 _ 40 10 400
Al-K?rh TTÍ00 465 000 180 4(3 500
Ai~i;huI5a 1 *50<3 190 30Ò 150 _ T r s r f t y o  .
TonriK (old; S51) 52 00Ö 20 5 20Ö

Total per annum 1 427 000 155 700 10 400
i
OJVO

Slaughter In Iraq In 1976 In-bigger slaughterhouse a

Figureo collected from Sheep Goats Cattle (oxen, 
corvo. bullo)

Buffaloos Camels

Director General of 
Veterinary Services in Iraq

1 864 000 860 000 374 000 53 800 13 400



liable 11. Animals slaughtered per annum in slaughterhouses in Arab Countries

P  Year Country Sheet) dalvea Cattle (oxen, 
cows. hullo)

buffaloes Camels Pig.3 Donkeys

1977

l:fvpt 
Lara an 
S y r i a n  A.R. 
3r;-n

ÌUTG ó<5  
250 000 
400 000 

1 427 000

£ O o b 11Ó 3 0 0  
60 000 
13 ooo

155 700

2ffTbO Й4 0ÒÙ 

10 400

Т П Ю 1 5

C-ra.rd total 2 379 000 68 800 347 000 28 5 0 0 34 4 0 0 41 900

1980

- -i>t
Sudan 
Syrian A.R. 
Iraq 
Tunisia 
¿ w a i t

3 0 2 000 
910 000 
400 000 

1 864 000 
52 000 
40 000

6d 800 " П Т Г Т Ь о  
300 ooo 
13 ooo 

374 ooo 
20 000 
20 000

2ffTo‘0 

53 800 13 400

4 V д а

20 000

Tctal 3 56C 000 68 800 865 3 0 0 32 3 0 0 37 400 41 9 0 0 20 000
Sir-avatar in 
Saudi Arabia 
during throe 
•Лауз in 1 020 000 120 000 60 000

Grand total 4 588 000 68 800 985 300 82 300 97 400 41 900 20 000



Table 12. Fancreas collected in slaughterhouses per annum

Y «a r ! She e p
i
!

Calves Cattle (oxen, 
COWD, bulls)

Buffaloes Camels Pi«B Total of cattle, calves, 
buffaloes, camels, rnd 
pigs (sheep excluded)

1977
L J; t 
Su ■ rn 
Syrian A.R. 
Ir-H

71 ton3

i

11.7 tons 59 tons
\

4.9 tons

<>

1 2  tons 2.5 tons 9 0 .1 tons

l7oC
;• pt 

ludun 
¡3 7 ian A.R.
Iraq 
Tunisia 
Ku>ait
Including 
oluughter in 
Snudi Arabia 
during throe 
(Sui3 in 
November

10 8 tons 1 1 . 7  tons 147 tons ,14 tons 13 tons 2.5 tons 186.2 tons

137 tons 11.7 tons 167.5 tons 14 tons 34.1 tons 2 .5  tons 2 2 9 .8 tons

Calculated according to number of animal slaughtered and weights of pancreas ,
of several kinds of animals &

I
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Table 1 3. Mucous membrane available in slaughterhouses per annum

Year
anaes sc: 

ssaisaea;

1977

icasBaasBBBBeaaEaae^saasasss
A viable production of # 
heparin requires minimum

rsssssaaaaaaasaaessaaaassea

Humber of animals 
slaughtered

Sheep
saaKaaaaaaaaaaaa:

24 000 000 
saiBBaBasssasaiai

2 379 000 •

6attie (oxen, 
cows, bulls), 
Calves,
BuffaloesiaB«cc&£anx3aBBsaBBB» 

1 800 000
347 ooo
68 800 

+ 28 500
“ T aT T oO •

Pigs
:B88aaaa8BBBSB88a

3 ooo ooo
iBaaBBBBaBBSBBBBC

41 900

Total
percentage
sBsssasa^ai:

aBBOBlBBEBE

Percentage of animals 
required 10% 24.6% 1.4% 36.0%

1980 Humber of animals 
slaughtered 3 568 000

865 300 
68 800 

+ 82 300 
T T R b  405 41 900

•

Percentage of animals 
required 14.9% 55.2% 1.4% 71.5%
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D. Insulin.
As regards by-products from slaughterhouses, insulin is the most 

important. Diabetics need it to survive. Insulin is the only medicine 
for more difficult cases of diabetes mellitus. The raw material is 
pancreas from slaughterhouse animals, except sheep and goats, kept deep- 
frozen.

1. Imports of insulin;
Egypt imports insulin in the crystalline form as well as injections.
Iraq, Syrian Arab HeDublic and Sudan import only the. final oroduct insulin 
in vials. The total imports of insulin by the Arab states amount to 17 '¿eg. 
annum.expressed in insulin crystals of 25 units per mg. and the figures 
are shown in table 14.

2. Formulation of insulin in Egypt:
One formulation unit - C.I.D. Co. in Cairo was at one time formulating 
insulin in vials at the rate of about 300,000 vials annually which 
was equivalent to 2.5 kg. of crystalline insulin of 25 units per mg. 
However this operation was stopped on account of losses apparently 
due to price control on insulin formulations. The formulation of 
insulin should be' possible in Iraq and Sudan too.

3. Biological assay of insulin:
The biological assay of insulin is an essential pre-requisite for the 
production and formulation of insulin. In Egypt, biological assay is 
carried out in the State Control Laboratory of Drugs and C.I.D. Co., 
where there are the necessary animal house facilities. The 
convulsion test is used and every batch of insulin injection produced 
in C.I.D. Co., is checked. At S.D.I., Samarra, Iraq the biological 
assay is carried out in collaboration with Samarra Hospital. The

per



T able 14. I n s u lin  im ports in  £&ypt, Iraq , Syrian  Arab Republic and Sudan

Insulin „n vials Crystalline 
insulin of 
25 I.U.
per I.'g

Total insulin 
in grains of 
25 I.U.
per i/ig

Insulin
units
per
caput

Country Reference units
expressed 
in grans of 
25 I.U. ‘
per wg . _ ..

Population

Egypt
- For insulin in • 
vials: Egyptian 
State Drug Corp., 
average of 1576 
and 1977

«

- For cryatalii.no 
inculin: C.I.D.Co., 
Cairo. for 1976

157 116 000 6 550

2 000 _ _ _ 8 550 _ _ 17 0 0 0  0 0 0 .5.-54

Iraq
-Minintry of Health, 
average of 
1974 and 1975
- Hospitals 24 819 000

18 250 000
1 034

766 1 800 11 ono 000 V.9?_
Syrian 
Arab 
Rèpubl i<

- Ministry of 
Health for 1976 21 976 000 916._ 916 8 000 000 2:25____

Sudan
- '.jnisxry of Health, 
average of 
1975 and 1976

«

132 000 000 5 500 5 5Q0 ........ 18 000 000 ..lai
Or, •nd total 16 766



-  397 -

biological assay will also be organized in the Drug Control Laboratory 
of Ministry of Health in Baghdad in the rear future.

4* Raw Material:
The most important is quality and quantity of pancreas.
Quality: Pancreas must have at least 30$ of dry matter and 70$ of
water, but less than 10$ of fat. According to literature and working 
experience one can get from pancreas of:
- cattle to 5 years: 2,500 units of- insulin per kg.
- baby beef (18 to 30 months): 3,500 to 4,000 units.
- calves: 8,000 units
- pigs: 2,500 to 3,000 units
- sheep: 1,000 to 1,200 units
Quantity: At least 200 to 300 tons of pancreas per annuo are necessary
for economic viability of insulin production. One ox pancreas weighs 
about 170 gr; in one kg. there are six pieces of pancreas. For 200 tons 
of pancreds that means 1,200,000 heads of cattle. If there are 300 
working days per year, that means 4,000 cattl per day.
If one pig pancreas weighs 60 gr. the same calculation gives 16 pieces 
of pancreas in one kg. For 200 tons that means 3,200,000 pigs 01 

10,700 per day.
As to camel we may put that the weight of its pancreas is about twice 
as much as ox pancreas, about 330 gr. In one kg. there would be about 
three pieces of camel pancreas. For 200 tons of pancreas that amounts 
to 600,000 camels or 2,000 per day. Concerning sheep one must be 
careful, as sheep pancreas is a poor source for insulin and sheep 
insulin causes allergic reactions in patients. According to informations 
obtained from Yugoslavia and India, the sheep pancreas is excluded as 
source for insulin production.
Standard preparation of crystalline insulin has 24 to 25 International 
Units (i.U.) per mg. but it will be tetter to calculate with purity of 
20 units per mg. although many manufacturers obtain 25 to 27 units per mg.
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Thus, with a purity of 20 units per mg. and yield of 2,000 units 
per kg. of pancreas it means 400,000,000 units or 20 kg. of insulin, 
or 1,000,000 vials of insulin of 400 units, from 200 tons of pancreas 
of cattle or pigs.
The price of raw material iE important because it has a comparatively 
big influence on the final product. The total cost of raw material 
for economical production (pancreas and chemicals)can not exceed 30% 
of total price of insulin. Somtt prices on world market (obtained from 
"Pliva" Drug Factory, Zagreo):
- for frozen pancreas:
Argentina, $1 - per kg. it is the best pancreas from young cattle with 
only 5% of fat. Can obtain 3,500 units per kg. with a purity of 27 
units per mg. Argentina pancreas was not available in the last two 
years' on world market.
France, (firm collector Gene), about $1.90 per kg. of pancreas.
Italy, $2.84 per kg. of pancreas.4
- for insulin crystals.
Denmark, $1.36 for 1,000 units of insulin with purity of 24 units per 
mg. One gr. of insulin (« 24,000 units) will cost $32.50.
CSSR, $1.30 for 1,000 units of insulin with same purity. One gr. of 
insulin will cost $3 1*20.
- for insulin solution in vials:
Novo, Denmark, .protamin-zinc-insulin, 1 vial of 400 units costs $1.20, 
or 1,000 units amounts to $3. The cost of one gr. of insulin 
(-24,000 units) will be $72.
Novo, Denmark, insulin lente or monoinsulin, 1 vial of 400 units is $2, 
or 1,000 units amounts to $5. The cost of one gr. of insulin will be 
$120.
5. Technology:
The technology adopted depends on the capacity of production. In any 
case, pancreas must be transported to the production plant deep- 
frozen. For smaller plants one usually combines well known prescriptions.
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The first step is always the extraction with acidified alcohol and 
short alkalization for the removal of protein hydrolysates. After 
repeated acidification the extract is treated with vacuum distillation 
or absorption of insulin from alcoholic extract, for instance, on 
alginic acid. Further steps sire usually precipitation with sodium 
chloride, removal of fat, isoelectric precipitation, clarification with 
acetone, and fi-.ally crystallization. Larger factories can buy the 
complete equipment including the technology of production from 
specialized firms, for instance, Alfa Laval or Westfalia. Assay of 
insulin is possible only by biological test on rabbits or mice. The 
method is expensive and rather difficult. It requires a specially 
trained research worker.
Use: Difficult cases of Diabetes mellitus.

61 Production of insulin on laboratory scale:
C.I.D. Co. in Cairo has just commenced experiments on the extraction 
of pancreas. The Research and Consultancy Institute in Khartoum is 
interested in the laboratory scale extraction of insulin. Advice 
was given by the author to both these institutions on this subject.
Dr. tfaleed Ohan-Denho studied the possibility of producing insulin 
in Iraq for S.D.I., Samarra along with a team of workers at S.D.I. 
and Medical Research Centre in Baghdad.

7. Viable Production of insulin:
A viable production of insulin nowadays needs at least 2C0 tons of 
pancreas per year. The availability pancreas for insulin production 
is indicated in table 12. One kg. of pancreas of cattle and pigs 
is enough for the production of at least 2,000 units of insulin. As 
indicated earlier, the pancreas of sheep and goats is not used for 
insulin production. According to figures obtained from Egypt, Iraq, 
Syrian Arab Republic and Sudan, only about 90 tons of pancreas can be 
collected and this is not adequate for a viable production.
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By 1980 after the completion of new slaughterhouses, in Khartoum and 
Baghdad and on the basis of information available on Tunisia and 
Kuwait, it may be possible to collect about 185 tons of pancreas per 
year which may be the minimum viable capacity. Further, if there is a 
possibility of collecting the pancreas of animals slaughtered in 
Saudi Arabia during the three days in November, one could obtain 230 
tons of pancreas for insulin production. For the collection of 
animal by-ppoducts, the slaughterhouses must be provided with suitable 
cooling facilities. Small deep freezers such as ice-creamers can be 
installed for this purpose. It is desirable to arrange for the collection 
and freezing of pancreas from all slaughterhouses. Frozen pancreas is 
exported mainly by South America. The price of Argentine pancreas is 
$1 per kg. and that of France is $1.90. In view of shortage of pancreas
in the world market, the possibility of export from Arab States is
worth investigating.

8. In thé light of the above, the following recommendations are made : - 
(a) Short term basis:
1. Biological assay:

It is recommended that the biological activity testing of insulin be 
developed at the State Drug Control Laboratories in Iraq, Syria and
Sudan. This assay, as indicated earlier, was being carried out in Egypt.
A good animal house and trained personnel are required for this assay.

2, Formulation of insulin:
Import of insulin crystals is cheaper than import of injections. If 1 gr. 
of crystalline insulin, with a purity of 24 units per mg. costs $32.50  

and 1 gr. of insulin solution in vials costs $7 2., the difference for 
1 gr. of insulin will amount to $39'50. This is more than the price of 
1 gr, of crystalline insulin.
The difference in cost of insulin in vials and insulin crystals amounts 
to 1
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- Egypt besides C.I.D. Co., for 6,550 gr. of insulin - $258,725*
- C.I.D. Co. for 2,000 gr. of insulin $ 79»000.

• - Iraq for 1,800 gr. of insulin $ 71,100.
- Syrian Arab Republic for 916 kg. of insulin $ 36,100.
- Sudan for 5,500 gr. of insulin $217,250.
.-Total $662,175*
There is an attractive margin after allowing for the vials, caps and 
other production expenses. Further insulin solution is not stable at 
higher temperatures and has to be kept at 4°C, while insulin powder 
is comparatively more stable even up to 50°C. The formulation of 
insulin solution in vials from insulin powder can be carried out in 
the injection department of every drug factory. It is also desirable 
to recommence production at C.I.D. Co. and expand the production. 
Similarly, the formulation can be taken up at S.D.I. Samarra. This can 
also be included in the production programme of Sudan in the proposed 
injectible solution plant.

.4

3. Preparation of insulin on a laboratory and pilot plant scale:
It is recommended that Egypt and Sudan develop the method of insulin 
extraction and purification on a laboratory scale with pancreas 
collected locally. Similar work can be carried out in Iraq. It is 
also desirable simultaneously to import crude insulin and purify in 
the laboratory to gain experience in production in a shorter time. It 
is also recommended that a pilot plant for this purpose may be erected 
preferably in Iraq where some work, as indicated earlier has been 
carried out.. A pilot plant to handle about six ton~ of pancreas per 
annum or 20 kg. per day will cost about US$50,000 as indicated below

The price for all equipment for insulin processing for 
about 6 tons of pancreas 

per annum (or 20 kg. per day) was in 1975

- If added the same figure for buildings and some 
existing equipment

- Taken into consideration a 20$ price increase
- Total about

US$20,000

US$20,000
US$10,000
US$50,000
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(b) Long term basis:
Based on the experience gained in the pilot plant, it is recommended 
that large scale insulin plant be built. The quantities of pancreas 
available in Arab States will become adequate for viable production 
of insulin in the next three years. Efforts may also be made to purchase 
pancreas from abroad at the initial stages to have adequate quantity for 
viable production.

As regards location, i * is more economical to build such a plant as a 
part of a big pharmaceutical plant in view of the availability of facilities 
such as utilities. As large pharmaceutical plants are in existance in Egypt 
and Iraq, these should be the logical choice. A reference has already been 
made to the preliminary work carried out at both these places. The 
laboratory/pilot plant scale experiments carried out in Egypt and Sudan will 
also help train personnel. The assistance of an outside expert may be sought 
and few persons from the concerned Arab states may be sent abroad for train
ing e.g. in 'Pliva' drug factory, Zagreb, Jugoslavia. The approximate cost of 
such a training would be the following:
- UNIDO fellowhip in Yogoslavia per mongh 

(including travel expenses)
ass 750

- Additional 10$ US} 75
- Total US} 325

Total for six months, approx US} 5,000

The technology and training in insulin production are also available free of 
charge from Canada. There are examples wherin insulin production was started 
in smaller plants not considered as viable. In India, the Government had to 
subsidize insulin production. It is the same case with Yugoslavia. Now insulin 
production is viable in both these countries. Similarly, the Arab states may 
consider subsidizing insulin production in the initial stages in view of the 
essential nature of this drug.

E. Pancreatin

Pancreatin is a multi-enzymic preparation from pancreas. However, 
pancreatin prepared from sheep lacks lipase. Sheep pancreas of about 70 
tons at present and about 100 tons in 1980 could be used for pancreatin 
production. The processing consists of an extraction in 20$ methanol 
removal of the tissues and spray drying the clear extract. However, due 
to the absence of lipase in pancreatin prepared from sheep, such production 
is not carried out in Yugoslavia* However, in India sheep pancreas is the 
main source for pancreatin production. A smaller production can also be 
viable.
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F. Henarin
. Heparin ¿6 another interesting drug derived from the by—products of 

slaughterhouses. It is used in modern therapy as a physiological anti
coagulant. The price of heparin on the world market dropped rather 
suddenly. There is no satisfactory assay available for this drug. The 
availability of mucous membrance is indicated in table 13. The total 
supply of raw material is hardly 36% of the quantity required for viable 
production of heparin. By 1980» the availability is expected to go up to 
70%. In view of this, the viability of heparin is questionable.

In the case of heparin, it is desirable 5 gather experience on a 
laboratory scale. It must be noted that -she manufacture of heparin is 
possible subject to the following conditions:

(1) Adequate quantity of raw material for viable production.
(2) The price on the world market is stable and
(3) The assay problem is resolved.
Data available is not so reliable as in the case of insulin, because 

heparin production in Yugoslavia does not exist. The Veterinary Institute 
and Production Plant in Subotica intends to start the production of heparin 
in the near future.

Raw Material: Cattle lungs and liver, pig mucous membrane of thin
intestine. Cattle and sheep may be used too. Aboux 
50 to 100 mg. of heparin can be obtained from 1 kg. of 
cattle lungs, and 240 mg. of heparin from 1 kg. of pig 
mucous membrane. From cattle or sheep mucous membrane 
the yield is less, maybe from 1 kg. about 100 to 150 mg. 
of heparin.

The pure heparin has 100 to 140 units per mg.
One pig has 1 kg. of mucous membrane, one ox 4 kg. and sheep 300 gr. One 

ox has 5 kg, of lungs and 7 kg. of liver, and one sheep has 300 gr. of lungs 
and 500 gr. of liver. Liver is a poor source for heparin. Pig mucous
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membrane is considered as the best raw material for heparin production.
A. production of TOO kg. of heparin per annum is regarded as being 

economically viable. However, this figure depends or. the price of the raw 
material and prices of the final product on world market. For production 
of 700 kg. of heparin from mucous membrane of pigs, one must use 3»000,000 
pigs per annum or 10,000 per day, with 300 working days per year.

As cattle and sheep are not as good a source as pigs, it must be used
2.4 times more. For sheep that means 24»000,000 per annum or 79»000 per day. 
For cattle 1,300,000 per annum or 6,000 per day. For cattle lungs the rate 
is less favourable and requires about three times more than pig mucous 
membrane. That means 2,100,0r'0 cattle per annum or 7,000 per day, and
30,000,000 sheep per annum or 100,000 per day.

An ampoule of heparin contains 25,000 I.U.
The price of heparin fell rapidly during the last year. In summer,

1976 it was US$4.6 per 100,000 units (or one gr.),in October, 1976 it 
was US$2.6 and4at the beginning of 1977 only US$2.0.

Production procedure: Fresh raw material is preserved with sodium
bisulphite (UaHSO^). I* is transported in this state to manufacturers.
It is produced through precipitation or extraction with acetone followed 
by the digestion with proteolytic enzymes, usually pancreatin. The final 
product cannot contain more than 1$ of protein. Then absorption in column 
and elution takes place. The product obtained is sodium heparin, pale-white, 
amorphous powder, odourless, hygroscopic.

The method of assay is a biological test of prevention of blood clotting 
according to U.S. Pharmacopeia XVII to XIX. This procedure is evidently out 
of date. Some new procedures are recommended, for instance, chromatographic 
or photometric determination, protonmagnetic spectra (p.r.m.), but the last 
method is not a quantitative one. All in all the problem of heparin assay 
is open now.

Uses: Quick interventions for prolonging the clotting time of blood.
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___  G. Gelatin

Gelatin is another useful product manufactured from slaughterhouse 
waste. However, the pharmaceutical grade gelatin suitable for the 
manufacture of capsules and is produced only by a few manufacturers in 
the world as the processing is complicated. In view of this, it is not 
recommended for manufacture at this stage in the A CD IMA. countries.

Raw materials are bones, connective tissue and skin.
Gelatin is obtained by partial hydrolyse of collagen. There are Type A 

gelatin obtained by acid treatment, and Type B gelatin by an alkaline 
process.

Cattle bones or pork skin are normally used for gelatin production. A 
variety of products with desirable properties are available and special 
processing is required in each case. The steps in manufacture involve 
isolation and refincement of the insoluble collagen, followed by its 
hydrolytic conversion to soluble gelatin. The gelatin is further processed 
by chemical adjustment, filtration for clarification, and then dried to 
yield a product of some predeterminated quality. A vacuum evaporation is 
required, because after hydrolysing the solution has only 3 "to 8% of gelatin. 
With further drying, the product with 10/6 of moisture is obtained.

There exists a special treatment for preparation of pharmaceutical 
gelatin. To get pharmaceutical gelatin as final product 5 'to 6 different 
sorts of gelatin must be mixed and specially treated. There are only a 
f¿w such manufacturers in the world, for instance, Scherer in W. Germany. 
There is no production of pharmaceutical gelatin in Yugoslavia.

Assay: According to U.S. Pharmacopoeia, a special Bloom rating with
gelometer, viscosity, ash, pH, moisture, arsenic, bacteria number. This 
assay is not complicated.

Uses: Pood industry, photographic industry, capsules for pharmaceutical
industry. Capsules are made in big quantities. Gelatin is widely used 
nowadays as matrix for water soluble vitamins particularly. It preserves 
degradation during an application per os.
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H. 31ood

Blood is one of the most important raw materials of animal waste from 
the slaughterhouse. Fodder for animals can be prepared from blood. Plasma 
and albumin are two other important products from blood. As blood is 
unstable at high temperatures, transport becomes a bottleneck. So only 
blood from one slaughterhouse which is big enough can be used for obtaining 
the above products. At present, blood is utilized in several slaughter
houses in Arab states for fodder as blood meal. In all the slaughter
houses larger or smaller parts of blood are collected, depending on the 
working conditions. In older slaughterhouses as in Cairo, Alexandria and 
Omdurman a smaller part and in modern slaughterhouses in Mansura, Kadaro, 
Damascus and Baghdad, practically the whole blood is collected. Ho other 
animal by-products are collected at present.

It is desirable to arrange for the processing of plasma and albumin, 
the most profitable products from blood, in all Baghdad slaughterhouses4
put together. The quantity of about 1,700 tons per year will be adequate 
for viable production. Plasma and albumin manufacture does not require 
expensive equipment but only a good centrifuge unit and a spray dryer are 
needed.

The quantity of blood in the new big slaughterhouses built in Baghdad 
will reach 3,300 tons in the next three years and in Khartoum. In a 
similar period, after the completion of the new slaughterhouse and 
expansion of the Kadc.ro slaughterhouse, the quantity will reach 2,030 tons. 
In Baghdad the plasma and albumin production may be continued in a larger 
plant and in Khartoum such a production with blood from three slaughter
houses may be commenced..

There is a great quantity of blood in slaughterhouses and it is 
usually disregarded. After slaughter, it can be collected from:

- ox about 3 kg.
- pig about < kg, and
- sheep about 600 gr.



One thousand to two thousand tons of blood per year are considered as 
viable for processing with 300 working days per annum, it amounts to 3,300  

to 6,600 kg. of blood per day.
That means about 65O to 1,300 cattle per day or 200,000 to 400,000 

per annum.
As to pigs this will amount to 3,300 to 6,600 per day or 1,000,000 to

2,000,000 per annum, and for sheep it means 5*500 to 11,0 0 0 per day or 
1 ,650,000 to 3*300,000 per annum.

The blood has 7 to 956 of dry matter and about 3$ of albumin in total.
The technology of production of plasma or albumin is the most interesting. 

In any case, sodium acetate or oxalate as anticoagulant is added to the 
fresh blood. Centrifugation by special type centrifuge for blood (may be 
Alfa Laval or Westfalia) is easy and effective. Dried blood plasma is widely 
used in the food industry for canned or tinned preparations.

Capsules, the mass of erythrocyte may be used in many ways. It is 
usually dried. If it is hydrolysed enzymatically, the product is dark 
coloured. By abidic hydrolyse, which is recommended, sodium chloride of 
about 40/i is produced and it must be removed after hydrolysing. Ion exchange 
is expensive.

Further processing of plasma includes defibrination with more anti
coagulant and calcium and second centrifugation. The resulting serum is 
spray-dried and the product obtained is blood albumin. It is used widely 
for cosmetics. With the above capacity of production one can obtain 30 to 
60 tons of albumin per year, or 100 to 200 kg, .:per day.

___ __  I. Rennet
Rennet is another common enzyme preparation used widely for clotting 

of milk for cheesemaking process. El Nasr Co. in Cairo carried out research 
work on the possibility of rennet extraction from the stomachs of the calves 
on a laboratory scale. The collection of calf and lamb stomachs for rennet 
production is possible only in Egypt because of the slaughter of young
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calves and lambs. The slaughter of young animals is not allowed in Iraq, Syrian 
Arab Republic anrf Sudan. It is recommended that the experiments at EL Nasr Co. 
be continued and a production plant be erected in the same factory based 
on the laboratory experience. A smaller rennet plant can yield a viable 
production too.
Raw material: Calf stomachs from suckling animals, also lamb stomachs.
Hormally dried stomachs are processed. The production procedure is easy.
A small plant may be viable too. For larger factories the viability depends 
on raw material, the cost of calf and lamb' stomachs. Only this is important 
and decisive, because the raw material cost depends on stomachs to the extent 
of 90& Assay is easy too, but bacteriological control is required.
According to the new technology of production, the first step is désintégration 
of perfect crumbling of the cell-walls of fresh stomachs. The procedure 
includes evaporation of clarified rennet extract as liquid film. The last 
step is spay-drying of concentrate extract. About one to two tons of product 
pe” year with an activity of 100,000 units are viable.
Grades (or kinds of product): Powder with activity of 50,000 and 100,000 
units, tablets of 10,000 units (one tablet for clotting of 10 litres of milk), 
also liquid rennet of 5?COO to 10,000 units.

J. Catgut
There is technologically a satisfactory production of catgut in Kile Co., 

Cairo and the- departments of the same company in the slaughterhouses at Cairo 
and Alexandria. This Company uses only 20% of the intestines of sherep 
slaughtered in both these slaughterhouses. It is recommended that the catgut 
factory of Nile Co., Cairo be expanded to process the whole quantity of sheep 
from the slaughterhouses in Egypt. This should be economical and it may be 
possible to export this item. Similarly it would be useful to collect the 
sheep intestines in the slaughterhouses in Sudan and a new catgut factory 
may be built in Sudan initially for the local need and possibly for export.
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XIV.- ECONOMICAL ASPECTS OF MEDICINAL PLANTS 

A. Summary

A study was undertaken to explore the possib Llity 
of setting up pharmaceutical industry tc produce vegeta
ble drugs in Arab countries.

Analysis of the available information indicated 
that phytocbemicals and crude extracts from medicinal 
plants are used extensively in different Arab states 
about 20, pure chemicals and more than 80 crude extracts were 
found to be used in formulations : markated in the Arab

countries. l

Survey of the raw material showed that only six « ,
species of medicinal plants are found in large quantities. 
These include., senna (Cassia acutifolia) liquorice 
(GLycyrrhiza glabra). Egyptian henbane (Hyoscymus muticus) 
Anmi manus. Ajrni visnaga and Acacia sene gel.

There are eight other plants which are either 
found growing wild or have been cultivated on experimented 
scale, but the available quantity is small. This group of 
plants consist of peppermint (mentha piperita). Datura 
(D. metel. D.' stramonium) belladone (A. belladone) solanum 
lacinatum. Papaver somniferum. and Digetalis lanata» 
Cultivation of these plants has been recommendes on large 
scale.

i
I
I
1 .I ’

I
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.Four огпег plants which are. iiiipOxhaut for a pharma—
ceutical industry and which are not found in Arab states
•have been recommended for introduction. These include
Mexican yam, (Diosccrea floribunda). Japanese mint
(Mentha orvensis), Ergot of rye (Claviceps purpurea) and
pyrethrum (Chrysanthemum cineraraefoliua)

•

Survey of existing industry indicated that only 
Egypt and Iraq have some phytochemical industry. The 
processing units in Egypt produce xanthotoxin, khellin 
and crude extract* In addition- Egypt has also a well 
developed essential oil industry producing jasmine con
crete and geranium oil for export. Other industrial units 
produce crude extracts.

It has been suggested that ACDIliA should set up a 
separate organization under its control to develope a 
medicinal plants industry in Arab countries. It is also 
proposed that the new unit should also establish drug 
farms for cultivation of vegetable raw material on commer
cial scale. I
• . i

The proposed organization should process, Senna 
(C. acutifolia), liquorice (G. glabra), (A. majus), and 
H. muticus in the first stage, other plants like 
A. belladona. D. floribunda. H. piperita. C. purpurea.
M. arvensis have been suggested to be taken up in the 
second phase.

Recommendation has also been made for taking up 
research work to utilize Rouwolfia vomitoria 
Cathranthus roseus and Belanite eagyptica.

■■____ _ __p • ____ <________  ___
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3,_ Requirements of Phytochenicals 
-X2X

the Arab cnarmaceutical industry

As a result of survey of assisting pharmaceutical 
industries and personal discussion with scientists and 
technologists it was found that active constituents «nfl 
crude extracts from the vegetable kingdom are used exten
sively in different Arab countries« An analysis of the 
various formulations produced by the leading drug companies 
in Egypt j Sudan, Syria« Arab Republic and Iraa indicated that note than 
25 * of the trade items narketted by then -outain either 
one pr more plant products« This does not include {tie 
formulation which are Imparted directly from other countries«

More than 20 pure chemicals and about 80 different 
crude extracts are used in the four countries mentioned 
above. A large number of crude extracts are being used 
primarily on the basis of old traditions and at least 80 % 
of these are not required for a m o d e m  health service«

An estimate of requirements of important alkaloids, 
glycosides, steroids, coumarines,essential oils and crude 
extracts for-all Arab countries is presented in the appendix.
The estimates are based on import of these items in Egypti
in 1975 and requirements for the all countries have been

I
I
t

‘ I * ' . .
' * i '

i ,
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calculated by multiplying the Egyptian export figures by 
J. This is a very crude estimate as imports give only 
approximate idea about the need, and these imports do not 
include the phytochemicals imported injform of formulations 
from abroad. ’

- * i

Considering the current use of vegetable drugs in
the world, the health needs of the Arab people, the eoqport

\

potential, and the availability of raw material in diffe
rent countries, 19 different plant drugs which includes 
pure chemicals, essential oils and crude extracts, are 
considered important for a medecinal plant industry to be 
established by ACDIHA. The list of these drugs along with

I
their possible source is presented in Table 1.

\

i
l

1
I ' ' *
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Table 1» Phytochemicals Required for 
Arab Pharmaceutical Industry

Active constituent
•

Name of the plant

1. Steroidal Sapogenins and Dioscorea. so Solanum• • glycoalkaloids
(Haw material far steroi
dal Drugs)

lacinatum S. AvicuTare 
Afsave sisaliana

2. Calcium sennoside
l
t

Cassia acutifolia 
c. amustifolia

3. Xanthotoxin (Ammodin) Ammi ma.ius
4. Khellin Ammi visnasa
5. Glycyxrhitic Acid 

liquorice extract
Glyeyrrhiza ftlabra

6. Tropane Alkaloids^ 
Hyoseine, Hyoscymin 
Atropine*

Hyoseymus nniticus 
Datura metel.
D. stramonium

7.
l

Opium. Alkaloids-Codeine, 
Morphine,Papavarine

Paoaver somniferum

8. Digitalis glycosides- 
-Digoxine,lanatosides

Digitalis lanata

9. Ergot alkaloids- . 
Ergometrine, 
Ergotamine

Clviceos purourea

1°. Menthol Mentha grvensis

Atropine is now a days obtained from synthetic sources, 
but can be also nanufactured from plants if a economic 
source like H* muticus is available*



I

- 4 1 4  -

Serial
No. Active constituents Name oí che piants

11. Euelyptol (Cineol) Euelyotus prlobulus
- 12. Pyrethrins Chrysanthemum- c inerara e-

1 . folium
13. Pepperanint oil Mentha ninerita
14. Euclyptus oil Eucivotus cl ob ulus

.15? Gum Arabic Acacia senecrel
16. Extract Belladona and 

total Belladona 
alkaloid.

Atroua belladona

17. Extract hysocymus Hyoscynus muticus
18. Extract Stramonium Datura stramonium
19. Psyllium husk

I
{

Psyllium Plantado ovata 
P. Psyllium

I
I
I '
I !

I
I . 1 '■
I ;; 
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This list does not include some of the important ma- 
terials like Quinine, Quinidine, Caffeine, Reserpine, 
Colchicine, Ephearine, Emetine and Camphor, which are very 
important for medical use all over the world. These items 
have teen excluded, as some of these like Ephedrine and 
Camphor are mostly obtained from Synthetic sources an<j for• " t
the rest there is no possibility for obtaining the ram mate-

i
rial in any Arab country.

\

The list also does not contain, those chemicals which
are required mostly for perfumery, cosmetic, food and leather
industry, as these are beyond the scope of a pharmaceutical
complex. A large number of essential oils and food flavours
are already being produced by the essential oil industries in

£
Egypt. This Industry is in a good shape, and is suggested that 
ACDIMA should confine its activities to only those essential 
oils which are'used exclusively for medicine or which are 
very important for pharmaceuticals. ACDE3A can help the essen
tial oil industry in Egypt to increase their production of 
those aromatic | oils and oleorosine which are in short supply 
or which have substantial export market. The only improvement 
-which the existing aromatic plant industry needs is the 
intensification of research and development work for increa
sing the yield'and active constituents of plants like 
Geranium, spearmint, peppermint and rose.

I
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Only a limited number of crude plant extracts have 
been included as others are either not required in signi- 

' ficant quantities or there is no raw material available in
the Arab gauntries. Moreover there is a number of large

pharmaceutical companies like CHEMICAL INDUSTRIES DEVELOP
MENT Co, and MEMPHIS Co, in Egypt and STATE DRUG Co, of
IRAq at Samara with sufficient equipment and facilities to

[
satisfy the crude extract requirement of all Arab ___

-countries. As already indicated, according to modern medical
I

science, a large number of these plant extracts are not 
essential for medicine and can be easily dispensed with.

__ C. Availability of raw materials
« '

The Arab countries, which cover a vast area in the Middle East

and North Africa, are very rich in vegetable resources which
i

can be exploited for industrial purposes- Because of wide
\

variety of climatic and soil conditio ns ,all types cf medicinal 
plants of tropical, subtropical, temperate «nd mediterranean

i
region can be profitably cultivated in one or the other Arab 
country,

I •’ • ‘ 1
A perusal of the survey report produced by A3 DIMA in 

"ARAB PHARMACEUTICAL INDUSTRIES", shows that about 106 diffe- 
rent species of medicinal plants have been reported to occur 

in 13 different Arab countries. A close study of this list

i
• 7i

I
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shows that only 21 can he classified as medicinal plants 
according to current international use of plants in modern 
medicine in the world* Out of these only 10 can he consi
dered to he of use as raw material for a modern pharma-
- I

ceutical industry. Unfortunately the list gives an 
erroneous impression about the availability of raw material 
in Arab states, as even plants like onion, garlic, groundnut, 
and common lawngrass have been included in this list.

A scientific survey carried out on the basics of -this 
list indicated that only six of the plants are available in 
sizable quantities and that too from wild sources. The 
distribution and availability of these plants along with 
their active constituents is given below in Table 2.

i
i
i
ii
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Table - 2. Medicinal Plants available in large 
quantities in Arab countries.

S« ial. Harne of the 
No- ■ . . plant

Active consti
tuents

Location 
& source

Quantity^ in Me*rie /Tons

li .* Liquorice ' Glycyirhizitic Acid Iraq, 7728.00
(Glycyrrhiza glabra) Liquorice extract Syrian A. R.

( • • (wild)
2. Senna-pods and Calcium senno sides Sudan 1751.00

leaves (wild)
(Cassia acutifalia)

3. Gum Arabic B.P. grade Sudan 28547.CO
(Acacia senegel) Gum Arabic (wild)

4. Arnmi ma.ius Xanthotoxin Egypt 100.00
(Ammodin) (wild 8c

cultivated)
5. Arimi visnaga Khellin Egypt 200.00

* (wild &
cultivated)

6. Henbane Hyoseine, ,Hyoscy- Egypt Exact
(Hyoscynus muticus) mine,Atropine Sudan figure

not1 (wild) known.

* estimate based on export of these raw materials in
1975 (Bureau of statistics Egypt, Sudan,,Syrian.Arab Republic. Irari 
Charcmomlle.(Matricaria chammomila) i£ cultivated on 
large scale .In^BgyptT^but the dried flowers are 
exported to Europe, and there is no scope for pro
cessing this material.

I

I I

I !■
I
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Seven different plants which are required for medicine 
have been tried on experimental scale and these can ce cultir 
ved on commercial scale after further improvement of agrotech
nology and pilot scale- trial. The plants along with their rain 
active ingredients and area for cultivation are given below in 
Table 3. !

Table 3. Medicinal Plants ?/hich can be cultivated 
1 in rH-f-Perent Arab countries

Serial
No. Name, of plants

1
Active consti
tuent

Area for 
cultivation

1* •
•

i
Belladona
x(A.trona belladona)

Belladona extract 
Total alkaloids

Mountains 
of Syrian a.R. 
Iraq, Sgypt

2. Solanum
(Solanum lacinatum)

Solasodine Egypt .

S. aviculare
3. Opium Poppy Codeine, Morphine Iraq

(Paraver somniferum) papaverine
Peppermint Peppermintoil Egypt »Syrian A. R.
(Mentha pinenta) Iraq

5- Datura Hyoscine, Egypt,
(Datura metel) Hyoscymine Sudan

6. Stramonium Hyoscymine Egypt »Syrian a.r.
(Datura stramonium) Stramonium extract Iraq

7. Digitalis Digoxine Mountains of
(Digitalis lanata) Iraq Sc Egy

I

I
f

A. belladona is a temperate plant and as such optimum 
yield and alkaloid content is obtained only in 
temperate areas. If cultivated in Egypt both yield 
and alkaloid content would be lev/.
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In addition the above seven plants efforts will have 
to be made to organise large s'cale cultivation of Armnl najus. 
Ammi visncra, Hycscymus muticus and Cassia acutifolia in 
Egypt and Sudan, in order to support a sizable phytochenical 
industry. The quantity of these drugs available from wild, 
sources is not stifficient, and no industry can be based 
only on vegetable raw materials from wild growth unless the 
quality is guaranteed and raw material supply is not exhaus
ted by continuous collection.

As no Arab country has a good source of steroidal 
sapogennis, Ergot alkaloids, Pyrethrins, and Menthol, the 
proper species of plants used for these chemicals would 
have to be introduced in order to grow these raw materials 
to feed the industry. The list of such plant materials along 
with the area for introduction is given below in Table 4.

I
t
I
i
i

\ I

I
i

I
I
I !
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Table A . Exotic plants which are required
to be introduced in Arab countries I

o e n a l  
. No, Name of plants

i
Active consti
tuents

Area suita
ble for 
introduction

1. Japanese mint 
(Mentha arvensis)

Menthol Egypt,
Sudan

2. Ergot of Eye Ergometri ne Mountains
(Claviceos oumure a Ergotamine of Syrian A.R. 

and Iraq

3. Pyrethrum Pyrethrins Mountains
(Chrysanthemum 
c ineraraefolium)

of Iraq,
Syrian A.R^ and 
Sudan

4. Mexican yam
(Dio sc ore a floribunda)

Diosgenin Egypt and. 
Sudan

I
I
I
!

iI
I
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i
I

There is no alternate source for the first three 
plants and very little research work has been done on 
•cultivation of these plants in Arab states. Some prelimina
ry- work was carried out at MCAH?0 COMPANY OF FOOD FLAVOURS 
AND ESSENCE" which indicates that Japanese mint grows well 
in Egypt. However, the plant has been introduced on a very 
small scale and no data about yield or oil content are 
available.

As regards the fourth plant, The Mexican Yam (Dioscorea
Floribunda). it is the most widely used source of Diasgenin
in the world today. About 60 % of 'the total requirement of
steroidal drugs are obtained from Diosgenin isolated from 

* ;
tubers of this plant and related species like D. coutdosita 
and D. suieuliflora growing wild in Mexico and other central 
American countries. D. floribmiria has been cultivated success
fully in India, Mexico and U.S.A. (Puertorico) an the 
climatic as well as soil conditions are ideal for optimum 
growth of this plant in ligbt soils of Egypt and Sudan*
As steroidal drugs consisting of corticosteroids, sex hormones, 
anabolic steroids and. oral contraceptives, are the most 
important chemicals' obtained from vegetable sources, intro-

iduction of the proper species of plant is essential for
I

development of any large size pharmaceutical industry in
I

Arab countries.
Y

‘ I I
' I 1 I

I
I
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These drugs are the costliest among the phytochemicals 
and their wide use as antiarthritic, antiinflammatory and 
6ral contraceptive agents.gives them a prominent place in 
health program of any *. developing or developped country* 
Steroidal drugs are the most commonly imported items hy
ali the Arab countries arid in most of the cases only fornru-♦
lations are imported at an exorbitant price* The basic raw 
material, Diosgenin has a considerable market in the world*
It is estimated that the present requirement of Diosgenin 
in the world is about 1,000 tons annually (valued approx* 
80*00 million $ Dollars). This requirement is expected to 
reach 2000 tons during the next 3-5 years specially because 
of intensification of family planning program in heavily 
populated countries of Asia*

The second alternate source for steroids is the glyco-
i

alkaloid, solasodine isolated from leaves and fruits of 
Solanum lacing-turn an S* aviculare. Considerable research 
work has been done in Egypt on S. lacinatum . specially by 
the medicinal plant section of the National Research centre 
at Cairo Headed by Dr* Faiza Hammouda and by Dr. Jamal Mohd.

I
. Ghorab of Uemphis Co. The plant contains about 1*5 %

isolasodine which has been used commercially to a very limited 
extent in East European countries and U.S.S.R* The plant has

i
been cultivated successfully by the scientist at National

l I

I '
1
I
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Research, centre and at the Medicinal Plant Research Station 
of "General Organization of Drug Research and Control”
•near the pyramids. Although different scientists differ in 
their estimates the average yield obtained thus far does not 
exceeded 500 kg per acre (600 kg per feddan). Similarly no 
scientific study has been made to work out the actual cost 
of production of Solasodine. On the basis of discussion 
with Let. Ghorab*, Dr. Hammouda and Dr. Fardaus of C.I.D. Co. 
it can be concluded that the cost of chemicals and raw mate
rial comes to 50-60 Egyptian pounds t//5 to 90 Ü.S. Dollars). 
Taking the overhead expenditure interest on capital and 
depreciation)the actual cost would come to more than 100 
U.S. Dollars.' On the basis of this calculation the cost of

m ■
production exceeds the current international price of 
Diosgenin or Solasodine which is approximately 80 U.S. Dollars 
per kg and it is expected that it would stabilize at about 
50 U.S. Dollars per kg in the next two to three years. The 
prices of this product have fluctuated from 40 dollars to 
120 Dollars per kg during the last 3 years. It is therefore 
suggested that further research should be carried out specially 
to increase the yield’of dry leaves up to 1.5 tons per acre, 
which may be possible if the job is given to a competent 
agronomist. In the mean time effort should be made to intro-

✓
duce mexican yam (D. floribunda) and to work out indigenous 
agrotechnology in order to have the ideal raw material for

I
»

t
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steroidal drugs in the Arab countries.
!

During the tour in Sudan another interesting raw material 
«as; found, growing throughout semi arid and humid parts of Sudan. The 

common "Helig" tr«« {Belanite eapyotica) as it is called in 
Sudan forms approYimatly 25 % of the tree population of 
• Sudan. It is distributed widely in all those areas in clay
and sandy soils of Sudan where rainfull exceeds 350 mm

(
annually. It is ‘found growing along the rivers and streams 
in association with Acacia sene gel. Although most of the 
parts of the tree contain saponins, mesocarp, the fleshy 
portion of the fruits contain 1-1.5 % total sapogenin which

i
mainly consist of diosgenin, yamogenin and some other minor 
gehins. The fruit of the tree which has a sweet acrid taste 
is eaten by children all over Sudan and the dried fruits, 
often called . soapnuts, are used for washing clothes by 
poor villagers. The seed of Belanite fruit has been found 
to contain more than 40 % of a fixed oil of good qualityi
which can be used as an edible oil and in soap industry.'
In fact the people in the villages have been using the seed

t
oil for cooking for several centuries. The cake left after
-removal of oil is a rich source of a protein, the nutritive

' -
value of which has been found to be comparable to soyabean
protein.
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Considering all the qualities of this fruit as a 
potential raw material for medicine and food, there is an 
•imnediate need to work out technology for manufacture of 
Diosgenin, fired oil and protein from this plant. The raw 
material is available in huge quantities, and the only cost 
involved is the labour used in collection of fruits* even 
at present the dried fruit is available at 50 Sudanese 
pounds per ton and the cost would come down to about 50

S.P/ton if an organization takes up collection work on a 
large scale. Dr. Ibrahim Mohamed Abu A1 Futuh, Senior 
Consultant and Head of the division of pharmaceutical 
sciences at the Industrial Research and Consultancy Institute 
has already taken up the project. However he needs help and 
encouragement* to develope a viable technology.

In addition to the plants mentioned above there is good 
possibility for cultivation of cathranthus-roseus and 
cymbo-pogen citratus (lemon grass ) in Egypt and Sudan. These 
plants should be tried on experimental scale.

During the discussion with scientists in Sudan it
I

was found that Rauwolfia vomitoria. a good source of 
Reserpine is found growing wild in certain parts of 
southern Sudan. It is worth while to investigate the 
possibility of explanting this valuable drug.

1
1

>
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D. Processing of medicinal plant

. A. The existing p-nytochenlcal industries in 
Arab .countries.

A survey of existing industries indicated that 
some icLnci of phytochemical industry exists only in Egypt 
and Iraq. The industry which is much well developped in 
Egypt can be classified into two types. The first category 
of industry which is in a fairly advanced stage of develop
ment is the "Aromatic plant Industry" producing essential 
oils, and oleoresins used in perfurmery, cosmetic and food 
flavours. There is one large state owned company "The 
CAIRO COMPANY OF FCOD FLAVOURS AND ESSENCE" and several 
other private units which produce sizable quantity of 
Geranium CPelargonium-ftraveolens) oil,.jasmine (¿asmnum- 
grandiflorum) concrete and absolute, small quantities of 
peppermint (Menta piperta) oil, spearmint (Mentha-spicata) 
oil, Bitter orange oil, Neroli oil, Fennel oil, Carraway 
oil, Thyme oil, Garlic oil and a number of other food 
flavours. Today Egypt is one of the major exporters of

iGeranium oil and jasmine concrete in the world. The produc
tion of important essential oils is presented in Table 5*

i i
The estimated figures have been obtained by taking 

average yield of oil per feddan and the area under

\

I
I
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cultivation. The figures for areas have "been produced by 
department of Economics and statistics, Ministry of 

• Agriculture, Egypt*Production figures for spermint , 
Peppermint, Bitter orange and Neroli oils have been given
by Cairo Company of Food Flavour and Essenes.

1

: • Table 5. Production of Important Essential oils 
I in Egypt (1977)

Serial
Ho. Name of the Oil

i
Area Under Cul
tivation in 

Feddan
Estimated 
production of 
oil in Tons

1. Geranium oil 11,000 210.00
2. Jasmine concrete 2876 11.54
3.* Peppermint and Spearmint 

oil
446 2.0

4. French Basil oil 75 1.50
5. Bitter orange oil 80 0.50
6. Neroli oil 80 * 0.50
7. Major am oil, Rosemary oil,

Rose concrete, Aniseedoil,
Fennel oil, Dill oil,
Thyme oil, Cumin oil,& Garlic oil.

Small quan
tities

* Only a part of Peppermint herb is distilled for oil anAa 
major portion is exported as dried herb for medicinal tea.)I

The essential oil industry is in a fairly good shape
> I

except for the fact that it needs a good Research and
1 i

i

i
i
i
i
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Development service to improve the agrotechnology. The 
distillation equipment el so needs improvement. The recovery 
.of oil can be improved if the present coil type condensers 
can. be replaced by tubular condensers.

The second type of industry existing in Egypt con- 
' sists of the medicinal plant Industry. There is only one 
company, "THE MEMPHIS Co.” which has a plant for isolation 
of Ammodin (xantho toxin) (500 kg annually) from Aimni тал us 
seeds and khollin (1.000 kg annually) from Ammi visnaga 
seeds. The company has an old extraction plant which is 
being replaced by a new continuous extraction plant of a 
much larger capacity. The authorities of the company were 
not prepared to show their new plant. They were also not 
agreable to discuss their technology. Although recovery of 
khollin is good, the recovery of xanthotoxin is only 50 % 
than normal recovery in any modern plant. Since the company 
is not prepared to discuss their methods of extraction hence 
no improvement can be suggested. The low recovery may be 
due to poor quality of raw material, or the defect in tech
nology. There is only one other company in Egypt, C.I.D. 
company which makes crude extracts from plants. Approximately 

. 60,000 litres of crude extracts are prepared. The most 
important extracts produced by the company cansr'st of 
liquorice extract, Belladona extract, Valeriana extract, I

I
I
I
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Gentian extract, Rhubarb extract and a number of minor 
plant extracts and tinctures.' The company in collaboration 
•with National Research Centre has also produced solasodine 
on pilot plant scale. However, the commercial production 
hss not been started because the cost of production is 
very high. As the extraction plant is producing only crude 
extract, there is an idle capacity of at least 50 %•

\ • i, There is only one industrial unit "The Samara 
pharmaceutical complex” under the STATE DRUG Co. of IRAQ 
which has a large size (4 batteries of 7 extractors) sol
vent extraction plant with all the accessories. The plant 
which was imported from U.SS.R sometimes back was meant 
for processing mare than two dozen medicinal plant suggested 
by Russian experts. A farm for production of various plants 
was started in 1961, but it was closed down, after initial 
experiments were completed on about 40 medicinal plants.
At present the equipment is being used for a small quantity 
cf crude extracts mostly for consumption in company* s own 
formulations. It is processing about 1.6 tons of belladona,
5.6 tons of liquorice, 5*5 tons of valeriana roots, and mall 
amount of minor végetable drugs like ginger and cardamum.
Thus the plant has an idle capacity of about 80 %, The 
size of the plant Í3 sufficient to supply crude extracts 
to four other Arab countries¿ It is suggested that the medici
nal plant farm at Abughrab should be restarted and the

N S
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Samara to supply vegetable drugs to Syrian Arab Republic Lebanon, 
•Jordan, Saudia Arabia and Kuwait.

Recently a project for production of liquorice 
powder has been taken up by the ministry of Industry in 
Iraq. However, the exact condition of the project and the 
rated capacity of the plant is not known.

2 . Need for Setting up of New Industries

A study of the available raw material, present 
and future requirements and the products already manufac
tured by existing industry shows that a large size phyto
chemical industry would have to be established to fulfil 

the requirements for internal use and export.

It is suggested that ACD3HA should take immediate 
action for manufacture of the following chemicals from the 
raw material already available in commercial quantities:I

1. Calcium sennoside from Sennaleaves and pod.
(C. acutifolia) available in Sudan •

i
2. Glyeyrrhiziiic Acid and Liquorice extract and 

powde.r from Liquorice (G. Glabra) available in 
Iraq and Syrian Arab Republici

3. Xanthotoxin (Ammodine) from Ammi majus, available 
in Egypt.

\
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4. Hyoscine and Eyoscymine from Syoscymus muticus. 
available in Egypt and »Sudan.

There is considerable demand for senna glycosides 
in the world and at present all the senna collected from 
wild growth in Sudan is being exported to European 
countries. In order to produce a large quantity of senno- 
sides it is desirable that cultivation of this plant should 
be taken up in Sudan. As the plant grows well even in salt 
affected areas in Sudan, it can be easily produced even 
on wasteland.

At present most of the liquorice collected from the 
desert areas Of Iraq and Syrian Arab Republic is exported, in crude form.

m .
As there is considerable demand for liquorice extract, and

powder allover the world, it is advisable that the entire 
quantity (approx. 3 0, 000.00 tons) should be processed 
in Arab countries and only finished products should be 
exported. In addition to concentrated extracts, glycyrrbi- 
zitic acid can be also produced from the roots. There is 
appreciable demand for this chemical, as it is being used 
widely for treatment of peptic ulcers.I

Although some xanthotoxine (Ammodiue) is being 
produced by ¡¿ienphis Company, the quantity (500 kg) is not 
sufficient for meeting the world demand. The demand for 
this chemical has increased considerably during the recent 
year because if its use for treatment of Psorasis wid as

L
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Similarly there is a sizable market for hyoseine and 
hyoscymine in the Arab countries. Both these products can 
be also exported. There is acute shortage of hyoscine in 
the international market (present price approx. 800.00 U.S 
dollars per kg ). The raw material (H. muticus)is found 
growing wild all over Egypt and some parts of Sudan. 
Initially the processing can be started from the drug 
obtained by collection. However in order to have a consis
tent supply of good quality of the drug, a good strain of 
the plant would have to be cultivated on large scale. 
Another alternate raw material (Datura metel) can be also 
used for processing if sufficient quantities can be obtai
ned by organized cultivation.

Production of khellin from A. visnaga should be' left 
to Memphis Co.. as it is able to meet vhe world demand and 
it has capacity to meet any increase demand of the chemical 
in the market.I

In addition to above four plants ACDHIA should also 
consider the possibility of refining and bleaching of 
the large quantity of Gum Arabic (A. Senegel) exported 
from Sudan in crude form. Sudan has the monopoly of this

i
gum in the world, and it can fetch much better price if 
the crude product is refined bleached and exported in a 
presentable form.
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Production of the following chemicals should be 
taken up after- arrangement have been nade for production 
of plant material in large quantities at a price which 
is economic for processing.

1. Diosgenin from Mexican yam (D. Floribunda)
' 2. Solasodine from Solanum sp. (S. lacinatum)

3. Menthol from Japanese mint (M. arvensis)
4. Codeine; Morphine and Papaverine from opium 

poppy (P. scmniferum)
5. Ergotamine and Ergometrine. from ergot of rye 

(C. nurturea)
6. Belladona alkaloids and extract from Belladona 

(A. belladona)
7. Peppermintoil from peppermint (M. piperita)
8. Euciyptol from Euclyptus (E. globulus)
9. Citral from lemon grass oil (C. citratus.Q

10. Digoxine from Digitalis (D. lanata)

In the third phase of the project, the industry 
should take up production of formulations based on phyto
chemicals. It could also think of making steroidal drugs 
from diosgenin.

i • 0
Production of diosgenin from "Helig" fruits 

(B. eagypfcica). total alkaloids of cathranthus (C. Roseus)

\
I



vomitoria can be also conside—or reserpine from, ruuwolfia 
red if the research work proves these processes as 
economically feasible.

-EL—_ErsiDflSfid̂ Jiu±JLLne_£ar_jtiifl execution of the proiact

. ' The method of approach for establishing a pharma
ceutical industry for producing vegetable drugs would be 
quite different than synthetic chemicals or antibiotics.
In this case ACDI14A itself would have to take up production 
of necessary raw materials. Not only the plants have to be 
produced commercially, but any organization which intends 
to take up production would have also to take up pilot scale 
trials and use the existing data for large scale cultivation 
of drug plants.

i

It is therefore suggested that ACDIMA should set up 
an organization under its control to carryout this project. 
The organization can be designated "ARAB COMPANY OF 
MEDICINAL PLANTS" or "ARAB PHYTOCHEMICAL CORPORATION".
This organization should have two main divisions; the raw
material production division and the processing division.

[

The first unit which would be responsible for 
development of necessary agrotechnology as well as large 
scale production of the plants required by the processing 
unit. It should be heeded by a qualified agricultural
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scientist, v/ith considerable experience in research, apn 
development, and large scale production of economic crop 
•plants. He should be assisted by people who are also able 
to. carry out their research work for commercial cultiva
tion of medicinal and related plants. There is no need 
16 separate research using and the production, as it 
would ' prove -expensive for any commercial undertaking.

. 1 ■ .
In order to start this unit it is suggested, that at least,

/
1,000 acres of land should be acquired in Egypt and Sudan, 
for setting up ACDUIA’S o^n farms. Similarly about 200 
acres of land should be obtained in the montains of Syrian
Arab Republic and Iraq. These farms would serve as nucleus for cultiva

tion of mediqinal plants . The farms v/ould encourage the 
private farmers in the area to take up cultivation on 
their individual farms. The drug produced by the farmers 

would be purchased by the company. The company would also 
help the farmers by providing necessary seed, agricultural 
inputs and advanced technology.

The processing unit should be under a competent 
phytochemlst, pharmaceutical chemist, or chemical engineer 
who has at least 10 years experience in research and produc- 
tion of phytochemicals from plants. In this case also the 
research, development and commercial processing should go 
together. The unit should be equipped with a good size I

I »
I
l
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pilot plant to update the technology acquired by ACDIJIA.
The processing factory in the initial stages should have
•enough equipment to handle about 2,000.GO tons of senna,
1000 tons of aami ma-jus seeds, 20,000 tons of liquorice
and 1,000 tons of hyoscynues or datura leaves. The same
mac hi nary can be used for taking up production of items
proposed to be taken up in the second phase.

! •
Before making the final selection of land for drug 

farms is made an international or local agricultural 
expert should be consulted, as the choice of land is very 
important' for the project, Use ess ary technology expertise 
including planting material would be available from India 
if ACDIMA approaches council of scientific and Industrial 
Be search through UNIDO.

The feasibility reports along with flow sheets and 
list of equipment and machinery would be included in the 
final report. *

* i
r

1 i

i

! +
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F. Recommendations

1. ACDIMA should take immediate step to set up a separate 
organization under its control to start a new medici
nal plant industry in Arab countries,

• i
2. The proposed company should not only process existing 

raw materials hut should also have a unit for produ
cing medical plants on commercial scale,

3. Both the processing well as well as cultivation units 
should carry out applied research and development to 
produce important vegetable drugs for internal consucp-

• tion and control.

4. The commercial unit established by А С Т Ш А  should take 
Tip processing of Senna leaves and pods, lequorice 
roots, ammi ma.ius seeds and henbane leaves in,the
first phase of its project,
■ \

5. ACT IMA should help the existing Industries, 
specially C.I.D, Co. in Egypt and State Drug Company 
in Iraq to utilize their idle capacity for production 
Of crude1 extracts for all Arab countries.I

I t  ' '
I
I
I

I
I

t
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6« As soon as a medicinal plant organization is formed 
steps should he taken to start drug farms in 

Egypt (1000 acres) Sudan (10‘0C acres) Syrian Arab Republic 
(200 acres) and Iraq (200 acres) to start work on research.

on cultivation and commercial production of medicinal 
. plants•

Services of an international expert may he 
obtained for selection of land and training of staff 
to run the forms*

[
I

I
I
t
i

i
Г I

I

I
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Appendix

ESTILIATSD RECUIRKIItM^TS OF KiYT 0CKZL1IC ALS 

AND CRUIE EXTRACTS IN ARAB COUNTRIES

Serial
No. Name of the chemical 

or extract
1 -

Actual Im
port in 
Egypt in 

kgms

Estimated 
requirement 
of Arab 
countries

1.‘ Steroidal drugs 553.37 1665.00
(corticosteroids, sex 
hormones)

•

2. Codeine salts 2750.1 8250.00
3. Papaverine salts 2060.28 6180.00
4. Caffeine salts 10689.77 32067.00
5. Ergotamine tartarate 81.16 258.00
6. Ergometrine maleate - 7.73 23.00
7. Hyoscynine sulphate 20.00 60.00
8. Hyo seine hydrobraaide 129.4 388.00
9. Beserpine 12.70 38.00
10. Colchicine 7.50 22.00
11. Digoxine 3.44 10.00
12. Quinine salts 1049.5 3148.00
13. Quinidine salts .1 126.5 379.00
14. Menthol i ' 2303.9.

*
6911.00

15. Camphor (natural)
l

1273.5 3820.00
18. Camphor (synthetic) * 2153.1 6459.00
17. Thymol 8161.5 24484.00
18. Euclyptol (cineol) 78.16 234.00

*#

»
i ;! ' ' ‘
1

>

T
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\
Serial 

No. . Name of tbe chemical 
or extract

Actual Im
port in 
Egypt in 

kgms

Estimated 
requirement 
of Arab 
countries

!9.* Pyrethrum extract (23 %) — ^-,000.00'
'20. . Euclyptus oil 2303.1 6909.00
21. Peppermint oil 3800.4 11401.00
22. Extract Belladona 

(all types)
8043.0O 24129.00

23. Extract buchu 13125.00 39375.00
24. Cascara sagrada dry 5,000 15,000.00
25. Extract gentian 21500.00 69500.CO
26. . Extract rhubrab 34990.00 104970.00
27. Extract senega 23000.00 69000.00
28. Extract lobelia 5080.00 15210.00
29. Extract hyoscymus 3140.00 9420.00
30. Extract Ipec 3854.00 11562.00

3 1,“ Extract stramonium — 2000.00
32. Extract liquorice (liquid) 2700.00 7100.00
33. Extract liquorice (dry) 2100.00 6340.00

Syrup tol.u
1

16,000.00 48,000.00

Data based on consumption in Sudan 

Data based on consumption in Sudan

I
I

.  -r |
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X7. PRODUCTION OP GLAS CONTAINERS FOR THE PHARMACEUTICAL 
INDUSTRY CGLASS VIALS. BOTTLES ETC.)

A. Summary

A survey of the glass container industry in S"y?t reveals that 
the local "lass container manufacturers have not been able to satisfy 
the demands of the pharmaceutical companies in the ACDIMA countries, 
most probably on account of the poor quality of the "lass containers 
manufactured locally.

The analysis done in thi3 study indicates that there’ is sufficient demand 
for pharmaceutical blown "lass containers in the ACDIMA Countries to 
justify a small plant devoted to the manufacture of Type IT and III 
pharmaceutical blown "lass containers. This is based on the assumption 
that the proposed "lass plant would be able to achieve am 80% share of 
the pharmaceutical blown "lass container market in the ACDIMA Countries.

The proposed plant with a 100 tons per day furnace would require
*•/

an investment of a&out 51$ million*ana would show an internal rate of 
return of about 9% with a payback period of about &}■ years.

l/ All financial and sales figures shown in current 1977 dollars.
The exchange rate used in this-.chapter is LE 1 = 5US 2.5.



3. Product form analysis ana Packaging 
of pharmaceutical products

The level of demand of blown glass containers is sufficient to 
justify a small blown »lass container plant with a 100 tons per day 
furnace. The economic analysis shows that such an operation would break 
even at about 12,000 to 14,000 tons, based on a sellir» price equal to 
international »lass container prices. A plant such as this would require 
an investment of about $19 million and would show an internal rate of 
return of about 9$ with a payback period of about &J- years.

Therefore the options available to ACDIMA mana»eraent are:-

(a) Pursue the developments at both El Nasr Glass and Middle East 
Olass to see if with their new capacity, -a supply of quality 
glass can be assured for the pharmaceutical industries in the 
ACDIMA countries, or

(b) Invest $19 million in a olass plant to manufacture pharmaceutical 
containers if the y} return estimated for the »lass plant is 
acceptable.

There are 30 pharmaceutical plants in the ACDIMA Countries, with a 
total production value of about $200 million, of which the majority (80/6) 
is accounted for by E»ypt. Therefore, the current market for pharmaceutical 
»lass is in E»ypt and most of these plants are located in and around Cairo.
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1, Product Fora Analysis

As no significant correlation between therapeutic class 

and type of packaging used was found, the analysis has 

' been done by product form only.

Distribution by product form of the unit production of 

pharmaceutical products in Egypt is shown in Table 1.

The figures in Table 1 indicate that shifts are occurring 

in the share of pharmaceuticals sold by product form.

Comments made by respondents during the survey also indicated 

that shifts between product form are occurring and will con-
m

tinue to occur in the Egyptian market. These shifts are 

occurring for a number of reasons :

!
- Introduction of new drugs into the market; for 

example, Tetracycline, an antibiotic which can
be administered orally versus the more established 
antibiotics which are injected

- Ease and convenience of administering capsules and 
tablets versus liquids and injectables

The distribution by product form of pharmaceutical production 

when measured in dollars is compared below for Egypt and the

U.S.A.:
U.S.A. Egypt
1972 1973

Solid Oral 63% 44%
Liquid 21% 21%
Injectables 9% 25%
Ointments 4.6 % 5.7%
Suppositories 0.97. 1.9%
Pcwdcr & Granules 0.6% Î. 2%
Other 0.6% 3.6%

Sources: Federation of Egyptian Industries Ycnrbook
Market Study of Fhnrnaceuticnl i Drup Packapir.p - Technorrlr.

■+
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Table 1. Distribution or pharmaceuxicai 
production in Egypt by product form

Product Form 1973 ' 1974 1975 1976
X Z 2 Z

Ampoules 165 4.1 139 3.1 187 4.0 206 3.7

Vials for 
Injectables 60 1.5 45 1.0 72 1.5 74 1.3

.Tablets 3,520 87.4 3,924 87.6 3,952 85.5 4,596 83.8

Capsules 178 4.4 264 5.9 279 6.0 470 8.5

Liquids 58 1.4 50 1.1 62 1.3 64 i.2

Powders & 
Granules 9 0.2 14 0.3 15 0.3 15 o • CJ

Ointments & 
Pastes 25 0.6 23 0.5 34 0.7 29 0.5

Suppositories 11

m

0.3 18 0.4 19 0.4 31 0.5

Total 4,027 100 4,478 100 4,622 100 5,485 100

2 Increase -4.32 11.22 3.22 21.32

Source: Federation of Egyptian Industries Yearbook

Production in Millions of Units
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2. Packaging of Pharruaccuticai Produces

Pharmaceutical products in Egypt are packaged in the 

following types of containers:

Glass Ampoules and Vials
Blown Glass Bottles and Jars
Plastic Vials, Bottles Jars and Pouches
Metal Cans
Blister Packs
Aluminum Foil Strip Packaging 
Metal Tubes

Information on the other ACDIMA countries is not available 

but it is believeu that the types of packaging used is 

similar to that in Egypt.

Blister and Strip packaging are popular forms of packaging 

for tablets, capsules and suppositories. There is no 

statistical data available on the use of the various types 

of packaging materials. Rough estimates arrived at by con

sulting industry personnel are shown in Table 2.

Source and availability of these various packaging materials 

is discussed further in the section on the Packaging Industry.

Packaging machinery used by the Egyptian pharmaceutical manu

facturers range from hand filling and capping to completely 

automated washing, filling, labelling and capping lines. However, 

most of the lines are a combination of machine '•nd manual operations. 

The filling and capping operations are Jiost often done on slow 

speed machines, the other operations of labelling and packaging 

are manually performed.

T T
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Table 2. Type of packaging used by produci, form

Eitlutei Forecast
1975/1977 » 1980. 1985

Glass Plastic) Metal St'lp
or

Blister
Tubes I 
Metal I 
or 1 

Plastic!

Glaaa Plastic Metal Strip 
or •

Blister
Tubes
Metal
Or
Plastic

Glas« riaatlc Metal Strip . 
or

Blister
Tubes
Metal
or

Plastic
Acpoules 100 R 95 5

*
90 10

Vials for Starila 
Solutions Etc. 100 90 10 85 15
Tablas 10 40 20 30 10 35 15 40 - 10 33 10 43
Capsules 25 55 ' 15 3 15 53 IS 13 10 50 10 . 70
Syrups 4 
Solutions 100 80 20 70 30
1.V.Solutions . 
Large \>1. 
Parcntepals 50 ÍC 40 60 30 70
Droppers 95 5 75 23 60 40
Powders 4 
Cranulea 98 2 80 10

»
10 60 20 20 ■

Ointments 4 
Pastes 10 90 5 3 90 5 5 90
Suppositories 20 80

i< i
______

100

1

100 ! 
1

1

I
I *t-
Cf,

I •

“1



Some of the pharmaceutical manufacturers mentioned that 

their plans to install faster and more automated filling 

lines cannot be implemented because of the problems en

countered with glass containers. The glass containers 

they receive are usually off specifications as to shape 

and dimension and therefore create problems in the high 

speed filling machines.

They are attempting to switch from glass to plastic wherever

possible because of these problems plus the inherent advantages

of plastic bottles such as lightweight, non-breakability etc.
«However, this is not possible for all products, because of non- 

compatibility of plastics with the product packaged.

The role of packaging as a merchandising tool is not as important 

in Egypt, as say in North America, because:

a) The pharmacies are not self serve type operations, 
even for non-ethical products, therefore, packaging 
does not have to play a role in merchandising

b) The pharmaceutical industry is owned largely by the 
government and tha number of competing drugs allowed 
on the market is limited by the government

For these reasons the need to update or change packaging for market

ing or esthetic reasons is not important. Changes in packaging 

arc considered mainly if there are problems with existing packaging 

or for econonical/technical reasons.
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However, most of the Egyptian pharmaceutical manufacturers 

are interested in exporting to other middle east countries. 

Exports allow them to earn valuable foreign exchange which 

in turn allows them to import needed equipment or materials.

For the export markets, they are more conscious of their 

product image, since in those markets their products have to 

compete with products of international firms. Hence the search 

for better quality packaging for export products.



C. The packaging industry

Very little published information is available on the packaging 

industry in Egypt or the other ACDIMA countries. The dollar value 

or volume of production of this industry is not known. However, it 

is known that most of the larger ACDIMA countries such as Egypt,

Syria and Iraq have some form of packaging industry. The plastic, 

metal and glass container industries have been discussed briefly 
below.

Elastic Container Industry

Host of the ACDIHA countries are manufacturing a limited amount of 

Injection molded and blow molded plastic containers. However, no 

information was available on the quantity or quality of.their 

production.

In Egypt there are a small number of private and public sector companies 

fabricating plastic products. Of these, Medical Packaging Company (in 

the public sector) is the largest manufacturer of plastic packaging 

for the pharmaceutical industry. Medical Packaging manufactures:

Injection Molded Plastic Vials 
Blow Molded Bottles 
Injection Molded Closures 
Compression Molded Closures

and

PRICES OF PLASTIC BOTTLES (Provided by Medical Packaging Co.) 
_______ 1 LE " $2.5 P.S. Prices for 1000 bottles

Size Price

1000 cc $ 152.5

60 cc $ 37.5

15 cc $ 19.8
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El Nasr Pharmaceutical Chemicals Co. has an in-house facility for 

manufacturing plastic blow molded bottles for large volume parenterals. 

Their production is about 2 million per year.

A small number of plastic squeeze bottles for nose drops etc. are 

imported into Egypt. A number of the pharmaceutical companies have 

in-house machines for blister packaging of capsules and tablets. The 

plastic sheet/strips for these operations is produced by Medical 

Packaging Co.; the aluminum foil is imported.

2. Metal Container Industry 
«

In Egypt, metal containers are used for bulk packaging 1000 tablets 

or capsules for hospitals and clinics. A considerable amount of metal 

cans are produced in Egypt and Iraq for the food processing and canning 

industries. A limited number of small aluminum containers are Imported 

for packaging effervescent granules for the export market.

Metal tubes are used in Egypt for pharmaceuticals, cosmetics and 

toiletries. There are two. companies producing metal tubes, of which 

' one is a captive (in-house) plant produci g about 2 million tubes for 

shaving cream. The major producer is Medical Packaging Co^, with an 

annual output of about 45 million aluminum tubes and about 10 million

tin tubes.



Glass Container Industry

3.1 General

Demand for glass containers in the ACDIMA. countries far 

exceeds supply. Even in countries such as Egypt and Iraq, 

with local production capacity, glass is Imported from 

countries such as Lebanon, Czechoslovakia, France, India, 

Turkey, Singapore etc. For example, Iraq, in 1975, imported 

15,400 tons of glass containers valued at $7.8 million and 

Egypt imported about 19,000 tons of glass in 1976.

Information on the total consumption of glass in these 

countries is not known.
4

The major end use market for glass containers is the soft 

drink industry. The other end use markets are relatively 

small in comparison to soft drinks. In some of these countries 

where liquor, wine and beer are prohibited and no food pro- 

cessing or cosmetics industry exists, such as in Saudi Arabia, 

soft drinks is the only market for glass containers.

Comments received from people interviewed, suggest that pro

duction in some end use industries is restricted at times due 

to unavailability of glass or other suitable packaging. It is 

expected that with rising Incomes and increasing industrial

ization, the demand for glass containers will increase substan

tially.
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Table 3 below shows the number of glass plants by 

country and their location, with particulars where known.

3.2 Glass Container Manufacturers

Table 3. Glass container manufacturers in ACDIMA countries

Country Location No. of 
Plants

Egypt

m

Cairo 4

Saudi
Alexandria 1

Arabia Daman 1
Syrian A.R. Damascus 1
Iraq Baghdad 1

Tunisia Tunis 1
Tripoli 1

Sudan Khartoum 1
Total 11

Description

1 Automated Plant 
(30,000 ton caps) 
3 Semi-automated/ 
manual plants

3 furnaces, nine - 6 
section single gob 
machines

Very little information is available on these plants; for 

example, it is not known whether they are modern plants 

producing glass using automatic machines or producing the 

glass manually or with seni—automated machines. Neither is 

there any information available on their capacities or the 

quality or type of glass containers manufactured.
Lebanon, a non-ACDIMA, Arab country reportedly has two. 

relatively modern glass companies, Saliver Glass and 

Malibon Glass producing good quality glass containers.

Both companies are believed to. have been aggressively 

exporting glass to the Arab countries in the middle

east.



3.3 P r o b l e m  with Locally Produced Glass Containers

Information on locally produced glass containers was 

available only for Egypt.,

The quality of Egyptian glass containers, especially 

those made by the manual or semi-automated process, is 

poor, when compared to international standards.

The glass containers are not made to rigid standards and

there seems to be considerable variance in the internal 
• * » 

and external dimensions of the containers. The neck

finishes (that is the threads) are not consistent. These

cause problems in the end use industry plants, especially

with the filling and capping machines. Because the glass

containers in Egypt are not coated to reduce friction on

the filling lines, they limit the speed at which they can

be filled, ruling out high speed filling machines.

Glass containers are packed in jute bags with straw filling,

-and these bags are loaded and unloaded manually. Because

they are loosely packed in jute bags, the containers have to

be washed and cleaned prior to use at the customers’ plant.

Also, there is considerable breakage in shipment reported by

customers, due to the use of the jute bags.

3.4 Supply Situation

As mentioned earlier, both Iraq and Egypt are net importers 

of glass container'^.. Even with these imports, the demand for 

glass containers in Egypt at least is not fully satisfied, for 

only those firms or industries can import glass who either:



or
a) have, an independent source of foreign exchange 

(usually only through export earnings)

b) are classfied as a priority industry (such as 
pharmaceuticals)

In 1976, Egypt inported the following quantities of glass containers

Importing
Industry

Type of 
Container

Approx Tons 
(metric)

Approx Cost 
$000s

*to User 
$/ton

Pharmaceu-• 
tical Vials 2,460 $2,818 $1,145

Ampoules 1,200 1,912 1,593

Plasma
Bottles 1,300 740 570

Dropper
Bottles 1,380 2,024 1,466

6,340 $7,494 $1,180
Wine 5,000 n.a.

Beer 4,000 n.a.

Soft Drinks 4,000 n.a.

Total 19,340

* The U3er Cost Includes customs tariffs, inland transportation

storage and handling and the mark-up of the importing company.

Glass Container importation figures for other years were not 

available. It seems that based on other available information 

(non statistical) glass imports in 1976 were considerably higher 

than those of past years.

Iraq, in 1975, inported 15,450 tons of glass valued at about $7.3 

million, (equivalent to an average price of $505 per ton). The 

major exporting countries were Lebanon, Turkey and Czechoslovakia.
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D. 31 ass container industry in £zypt

1. General

There are a nunber of glass container plants in Egypt, in both 

the public and private sectors. However, only El Nasr Glass and 

Crystal Co. has production facilities of any significant size.

Overall planning for the glass container industry in Egypt is 

under the auspices of the Chemical and Building Industries section 

of the General Organization for Industrialization (GOFI). According 

to GOFI, glass container consumption in 1976 in Egypt was about 

72,200 tons and expected to increase to 106,000 tons by 1980. Based 

on 72,200 tons, the per capita consumption of glass containers in 

Egypt is about 2 kg; this is very low when compared to 53 kg for 

the U.S.A. It would seem, however, that the GOFI figures under

estimate the 1976 glass container consumption because it presumes 

that only 1,570 tons of glass containers were used by the cosmetics 

and pharmaceutical markets.

GOFI has given its approval for the following expansion of the glass 

container industry:

a) Increase in El Nasr Glass and Crystal capacity from
36,000 to 72,000 tons through increased productivity (1978/79)

b) A joint venture between Cairo Beverages and Industrial Co. 
and a foreign glass manufacturer to put up a 35,000 to 
A0,000 ton plant, sometime in 1978/79

c) Increase capacity of other private sector firms to 17,000 
tons by 1980/81

d) A small project of 600 tons for Neutral Glass sometime in 1980.
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If all these expansion plans are implemented, the capacity of 

the Egyptian glass container industry would increase from about

60,000 tons to about 125,000 tons by 1980. This would mean that 

there would be sufficient capacity, at least according to GOFI's 

forecasts of glass container demand. .

The following are the major blown glass container plants in Egypt: 

Company

1. El Nasr Glass & Crystal Co. (Cairo)
Mostorod Plant 
Shaubra El-Kheina Plant

2. Kiddle East Class Factories (Cairo)

3. Medical Packaging Co. (Cairo)

4. Egyptian United Co. for Glass Industry
(Alexandria)

(* guesstimate by author)

2. El Nasr Glass and Crystal Co.

A government owned and operated diversified glass manufacturer, 

that produces flat glass, glass wool, pressed glass, housewares, 

and crystal glass in addition to biown glass containers.

El Nasr is currently negotiating with an international glass 

container manufacturer for a technical assistance program. Such a 

program could improve the productivity of the Mostorod plant 

considerably and increase Its capacity from the existing 36,000 tons 

annually to between 70,000 to 100,000 tons.

Estimated
Capacity

36.000 tons
12.000 tons

6.000 tons

3.000 tons

3.000 tons *



The Mostorod and Shoubra plants are located In the vicinity 

of Cairo. During a very brief tour of the Mostorod plant, it 

was observed that the plant has modem four section Hartford I.S. 

machines and feeders and Zeppa automatic weighing and batching 

equipment. However, what was not obvious was on line quality 

control equipment.

The plant also fabricates about 70 million ampoules annually 

from imported European Type I glass tubing.

Table 4. shows an analysis of El Nasr's production for 1973 and 

eleven months of 1974.

Middle East Glass Factories

A privately-owned firm located in the heart of Cairo produces 

between 5,000 to 7,000 tons of glass containers a year.

There are six very small oil fired furnaces. The forming process 

is manual. Gobs of glass are manually taken from the furnace to 

the parison mold, from where they are manually transferred to the 

blow mold, where compressed air is used for blowing the container 

to final shape. The container is then manually transferred to 

the lehr.

The company has two old single-section Belgian automatic forming 

machines; however, these were not operational at the time of the

visit.



Tav le 4 . Glass container production of El Nasr glass and crystal company

Type of Container Total Quantity 
in 000's

X Total
Tons

X Avg. Price 
per 1000 $

Total Sales 
in $ 000's

Avg. Price 
per ton/$

1973

Pharm.ceutical • 8,485 13 1,512 6 .. 46.6 395.4 261
Cosmetic 2,595 4 545 2 59.8 155.2 285

Food & Beverage 55,095 83 25,285 92 87,3 4,809.4 ’ 190

Total 1973 66,175 100 27,342 100 81,0 5,360.1 196

1974 (11 mths 
only)

%

Pharmaceutical 16,360 44 2,416 20 49.3 806,8 334

Cosmetic 463 1 78 1 80.0 37.0 475

Food & Beverage 20,107 55 9,659 69 105.4 2,120.0 220

Total 1974 
(11 months) 36,930 100 12,153 100 80.3 2,963.8 244

Prices: 1974 prices for pharmaceutical bottles ranged from $42 to $62 per 1000
Source: ACDIHA



For environmental pollution reasons, the government has directed 

the company to relocate in the industrial suburbs of Cairo. The 

Company approached a firm in Cermany for technical 

assistance, and plans to install one furnace with a capacity of 

about 9,000 to 10,000 tons annually.

According to them, lack of financing prevents the"' from putting up a 

larger furnace even thouj»h they feel that trere would be a market 

for their products.
«

However, the materialization of these plans is uncertain since

The Government has yet to provide them with an alternate 
site

4. Medical Packaging Co.

This is another government owned firm which specializes in the manu

facture cf packaging materials'and containers for the medical and 

pharmaceuticals industry. Besides its extensive plastics

operations, it operates a small manually/semi-au+omated 

glass plant with an annual capacity of about 3,00C 

tons. The plant manufactures only pharmaceutical containers.

Management of the company consider the plant obsolete and plan to 

operate the plant only until such time as demand for their product

exists.



5.

Is a snail glass container manufacturer located in Alexandria.

No information is available on this company. It is guess

timated that its annual production is In the 3,000 tons range.

6. Proposed Her Glass Container Capacity

Cairo Beverages and Industrial Co. Is a new soft drink bottling 

firm that plans to start marketing some sofr drink and some 

flavours sometime In 1978.

This firm is planning a joint venture with an international glass 

container manufacturer to construct a 35,000 to 40,000 ton per 

year glass container facility in Cairo, to be called Middle East 

Glass. The output of this plant would be mainly soft drink, and 

wine bottles. The plans of this company are well advanced and 

they expect to be able to supply glass containers by late 1979 

or early 1980.

They expect that this new plant's capacity would be utilized as 

follows, at least in the first few years:

Egyptian United Co. for Glasr. Industry

Local Soft Drink Market 
Local Wine Market 
Export of Soft Drink Containers 
Surplus Capacity

13,500 tons
10.000 tons
10.000 tons 
6,500 tons

Total 40,000 tons



The commissioning of Middle East Glass would add considerably 

to Egypt's glass container facility. And, if the improvements 

at El Nasr Glass & Crystal Co. were to take place as planned, 

Egypt's glass container capacity by 1980 would be:

1. El Nasr Glass & Crystal Co*, Mostorod
Shaubra El 
Kheiiaa

2. Middle East Glass Factories
3. Medical Packaging Co.
4. Egyptian United Co. for Glass Industry
5. Middle East Glass

Total

70.000 tons

12.000 tons
6.000 tons
3.000 tons
3.000 tons

40.000 tons
134,000 tons

The capacity would then be in excess of the 1930 needs of the

market/ as forecasted by GOFI.

End Use Markets for Glass Containers

Very little information was available on other end use markets for 

glass containers in ACDIMA countries, except Egypt. Table 5 

shows the 1970/74 production statistics of the glass container 

end use markets in Egypt; these have been discussed further below.

7.1 Cosmetics and Toiletries

During the period 1970 to 1974, cosmetics' and toiletries Industry 

shipments increased by almost 100%. Since 1973/74, when the 

government liberalized import regulations, considerable amounts 

of toiletries and cosmetics are being imported into Egypt. Data 

on the glass container consumption of this industry is not known. 

In 1973 and 1974, El tlasr Class produced 545 to-is and 73 tons



Tacle 5* Production statistics 
of glass containers in

of end use
SgTtt

industries

• (in millions) 1 LE - $2.5

Industry □nits 1970 1971 1972 1973 1974

Cosmetics $ 12.5 14.7 20.4 22.7 25.0

i  Change. 18.2 38.4 II.I 19.9

Pharmaceuticals $ 83.0 100.0 114.7 135.0 148.0

i  Change.

Soft Drink 
Bottles

Million
Bottles 590 618 660 586 660

% Change. 16.1 4.4 6.8 -11.2 12.6

Beer Litres 24 28 30 32 29

% Chcuige. 14.3 Î6.6 7.1 6.6 - 9.4

Wine Litres 5.9 5.4 5.6 3.4 1.4

% Change. 0.4 -8.0 3.1 -38.9

Liquor Litres 7.3 11.8 15.5 12.6

Chang* -27.3 62.5 31.Î -18.2

Vinegar Litres 4.0 5.0 5.6 6.7 6.4

t  Change 33 - 25 29 16 -4.5

Pasteurized
Milk litres . 29 33 31. 38 42

1 Change. 2.5 13.8 -6.1 22.5 9.0



It seems thatrespectively of cosmetic glass containers, 

the smaller glass plants supply some of the needs of the 

cosmetics industry and that the industry is unsatisfied 

by the quality and quantity of glass available to it.

7.2 Beer

Sales of beer Increased from 24 million litres in 1970 to 

about 44 million in 1977, an average increase of about 10% 

a year. They are expected tc reach 63 million litres in 

1980 and 117 million in 1985.

The industry uses returnable bottles of two sizes 2/3 litre 

and \  litre. However, the predominant size is the 2/3 litre 

bottle.

The industry purchased about 13.2 million bottles (6000 tons) 

in 1973.

7.3 Wine Industry

Wine production has decreased during the period 1970 to 1974 

from 5.9 million litres to 1.4 million litres respectively.

The wine industry uses non-returnable 2/3 litre bottles. Its
/

1973 purchases amounted to about 10,000 tons.

7.4 Milk & Food

Most of the pasteurized milk is now being packaged in 

plastic containers. There is almost no food being 

packaged in glass containers except for vinegar. However, 

information on this market is not available.



7.5 Soft Drinks

Consumption of soft drinks has increased from 590 million 

bottles (200 ml) in 1970 to about 660 million in 1974. The 

level of consumption is expected to increase substantially 

for the following reasons:

- improvement in quality of drinks
- increased supply
- better distribution
- increase in living standards

The industry uses returnable 200 ml bottles, and experiences 

a trippage of between 20 to 70 trips. However, the large 

number of trips is partly a function of the quality or used 

bottles considered acceptable,by the soft drink companies.

It can be expected that, with increased availability of glass 

containers and increasing competition within the soft drink 

industry, the soft drink companies vrill become more selective 

in re-using the bottles. This would reduce the number of trips 

achieved, and hence Increase the requirements for new glass 

bottles.

Industry sources estimate the consumption in 1980 and

1985 to be 1.53 billion and 3.8 billion bottles respectively.

This will increase the demand for glass containers substantially.

7.6 Pharmaceuticals

The pharmaceutical market has been discussed In detail in 

Section B. In this section, the market for pharmaceutical

glass containers for the years 1980 and 1985 has been developed.

The glass container demand forecast has been developed based on:



a) the distribution of pharmaceutical production by product 
form as shot ft! in Table 1. However. because -some of rhe 
1975 figures appeared very low in comparison to those 
quoted by other industry sources, they have accordingly 
been modified by the author and shown in Table 2.

b) the revised figures have been used to forecast the share 
of the different product forms for the year 1980 and 19S5, 
taking into account the trends noticeable in Egypt and
in the international pharnaceutical narket. These fore
casts are shown in Table 6.

c) The forecast of̂  Table 6 was used in conjunction with the 
forecast for type of packaging by product fora developed 
in Table 2 to develop the glass container requirements
of the Egyptian market for 1980 tad 1985 as shown in Table 7

The tonnage shown for tubing and blown glass consists of a mixture 

of different types and colours of glass.

The majority of the ampoules are of Type I glass and are of both

flint and amber colour. The vials' are mainly Type III flint glass
Table 6. Revised 1975 iistribu-tion of pharmaceutical production ir. 

Sgypt anrt forecasts for 19SC and 1935 by product form
(in millions of units)

Produ- ‘.orm 1975
Z

1980
Z

1985
Z

Ampoules 400 8.1 540 6.7 800 5.0

Vials 80 1.6 128 1.6 224 1.4

Tablets 4,000 81.5 6,190 77.4 12,220 76.4

Capsules 280 5.7 920 11.5 2,080 13.0

Liquids 80 1.6 96 1.2 176 1.1

Powders & m
Granules 15 0.3 24 0.3 48 0.3

Ointments &
Pastes 34 0.7 48 C.6 110 0.7

Suppositories 19 0.4 40 9.5 96 3.6

Other 16 0.2 240 1.5

Total 4,908 100 8,000 100 16,000 100

Note: Annual growth rates for total production have been
assumed at 10# for the years 1975 to I960 and 15# for the years 
1981 to 1985.



Table 7. Glass container needs of Egyptian 
pharmaceutical industry

Estimate Forecast
1975 1980 1985

Product Avg. Container 
Form Weight in Gms.

Qty.in
Millions

Weight 
In Ton

Qty in 
Millions

Weight. 
In Ton

Qty In 
Millions

Weigh 
In Ton

Ampoules 4.25 400 1700 510 2165 720 3060

Vials 17.0 80 - 1360 115 1955 190 3230

Total Tubing 3060 4120 6290

Tablets * 75 20 1500 31 2325 61 4575

Capsules * 75 5 375 9 675 13.8 1035

Liquids 75
1

75 5620 72 5400 103 8100

Powders & 
Granules 180 14.7 2645 19 3420 28.8 5180

Ointments & 
Pastes 100 3.4 340 2.4 240 5.5 550

Total Blown 
Glass 10,430 12,060 19,440

*„ Assumed that on the average 20 tablets or 15 capsules packed per container

The blown glass containers are mainly Type III amber glass; however, the Plasma
2 /

and Dropper bottles, which are mainly imported, are of Type I and Type II—  glass 
respectively.

2/ Type II glass is lype III glass treated with either a Fluoride or 
Sulphur treatment to reduce the alkalinity of the glass, and thus bringing Type 
III glass closer to the characteristics of Type I glass.



E. Analysis of ACDIMA market and alternative solutions

1. ACDIMA Countries Glass Container Market

Because no information was available on the ACDIMA market, it 

was decided that the following assumptions would be made:

a) That the total requirements of the ACDIMA market for 
pharmaceutical glass containers would be twice the 
requirements of the Egyptian market. This factor was 
provided by the ACDIMA staff, as a reasonable method 
of judging the size of the ACDIMA markets

b) That the distribution of pharmaceutical product form 
usage for ACDIMA countries would be the same as that 
for the Egyptian market.

c) It was suggested by the ACDIMA staff that because the 
supply of locally produced pharmaceutical glass was 
inadequate in most ACDIMA countries and because 
very little information was available on the glass con
tainer industries in those countries, it could be 
assumed that 100% of the pharmaceutical glass container 
market would be open and available to the ACDIMA glass 
plant.

d) However, in this report it has been assumed that thè 
proposed ACDIMA pharmaceutical glass plant would achieve 
80% market share. This would bring the ratio between 
the ACDIMA pharmaceutical glass market and thè Egyptian 
pharmaceutical glass market to 1.6. The 1.6 ratio is 
also more in line with the 1985 ratio of forecasted local 
pharmaceutical production between total ACDD1A countries 
and Egypt ($745: $484 million) as shown in Table 8.

e) The forecasts of pharmaceutical glass for Egypt as shown 
in Table 7 were multiplied by 1.6 to arrive at the 
forecast for the ACDIMA countries as shown in Table 8.

This report does not consider the glass tubing products - only the 

blown glass container requirements have been further analysed.

The blown glass container requirements of ACDIM'. increase from 

19,200 tons in 1980 to 31,000 tons in 15o5. Of this total tonnage, 

about 15% ccr.r.isr̂  ..i i glass used for large size parenterals

such u,z placna bottles and for snail dropper bottles. The require

ments of Type I glass a m  too snail to justify the additional capital
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Table 8. Forecast of pharmaceutical glass container 
requirements of the ACLIMA. countries

Product Average Wt. 1980 1935
Form in Gos. Qty. in 

Millions
Weight 
in Tons

Qty. in 
Millions

Weight 
in Tens

Tubing Products

Ampoules 4.25 815 3,460 1,150 4,885

Vials 17.0 * 180 3,130 300 5,100

Total Tubing 6,590 9,985

Blow Class for:

Tablets 71 52 3,720 102 7,250

Capsules 71 15 1,080 23 1,650

Liquids 75 115 8,610 173 12,950

Powders & 
Granules 190 28 5,400 43 8,250

Ointment & 
Pastes 100 4 400 900

; * "’1 Blown 91 214 13,200 350 31,000
i____ -



.71r
expenditures involved and the associated operational problems 

of formulating and forming Type I glass containers, it is, 

therefore, recommended that these containers continue to be 

imported. Also, the international trend to plastic squeeze 

type bottles for nose and eye droppers etc., and for some of the 

large size parenterals will reduce the long term __nand for glass 

containers for these applications. The remaining Type II and 

Type III tonnage has been further analysed by approximate con

tainer size In Table 9 for 1980 and 1935.

These forecasts have been used as the basis for designing the 

glass plant discussed in the following section.
m

2. Future Demand and Suoolv

As mentioned earlier, no statistical information is available on 

the glass container demand/supply situation in the ACDIMA countries 

except Egypt.

It is presumed from comments received from ACDIMA staff and other 

sources that demand for pharmaceutical glass and glass in general, 

exceeds the local supply. Expansion plans for the glass container 

plants o.f the ACDIMA countries, except Egypt, are also not known.

However, it can be assumed with reasonable- certainty that the 

demand for glass containers in general will exceed supply in ACDIMA 

countries until 1335 at least.

»’H'l!1 MJVI



containerTable 9. Analysis of blown glass pharmaceutical 
recuirements of the ACDIJtA countries

Glass Тура 1980 1985

Type I (Plasma & Dropper Bottles) 3000 tons 
Type II and Type III 16200 "
Total Blown Glass 19200 tons

•4500 tons 
26500 " 
31000 tons

ANALYSIS OF TYPE II AND TYPE III GLASS CONTAINERS

Bottles For Avg. Wt. 
In Gms.

1980 1985
Nominal 
Size Ш.

Quantity
Millions

Weight
Tons

Quantity
Ullions

‘.-.eigne
Tons

Tablets 25 20 9 225 18 450
& 50 50 25 1,250 45 2,250

Capsules 75 75 15 1,125 30 2,250
100 100 10 1,000 17 1,700
150 150 8 1,200 15 2,250

71* 67 4,800 125 8,900

35 30 6 210 10 350
Liquids 75 75 16 1,200 24 1,800

& 100 100 20 2,000 31 3,100
Syrups 200 200 11 2,200 16 3,200

105 53 5,610 81 8,450

Powders 125 125 14 1,750 22 2,750
& 250 300 11 2,750 16 4,000

Granules 300 500 3 900 5 1,500
- 192 28 5,400 43 8,250

Jars for 50 50 1.4 70 3 15C
Pastes & 125 125 2.6 325 6 75C
Ointments

100 ' 4 400 9 900

Total
Type II & III 152 16,200 258 26,500



Pharmaceutical glass containers because of their relatively 

small size, present special manufacturing problems to the 

normal glass plant that is geared mainly for the larger sized 

wine, beer and soft drink bottles. This special problem, 

coupled with the general excess of demand over supply of glass 

containers has been the cause of the glass container shortage 

for the pharmaceutical industries in the ACDIMA countries.

3. Alternative Courses of Action

It is the opinion of the author that based on the forecasts of 

pharmaceutical glass requirements to 1985, and the known expected 

expansions in the glass ontainer industry, it seems that ACDIMA 

will have to take some form of action to ensure the pharmaceutical 

industry of locally produced glass containers.

This action could take either of the following forms:

a) Establish an independent glass container plant

b) lie-on with proposed new glass plant of third 
party (i.e. Middle East Glass Co.) either through 
equity or some other vehicle that would provide 
the required management control, to ensure that 
the demands of the pharmaceutical industry are 
not neglected

c) The purchasing power of the individual pharmaceutical 
plants is small due to their relatively small require
ments of glass containers in money terms. This weak
ness in relation to'other end users is also one of
the causes of the problems of the pharmaceutical industry 
in the ACDIMA countries
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c. Joint purchasing of the pharmaceutical industries' 
total requirement through a common vehicle, such as 
ACDIMA, might increase the p .armaceuticni industries’ 
bargaining power and help improve their supply situation

The current period might be an opportune tine to negotiate 
a supply contract with El Nasr Glass & Crystal Co. who 
are planning e 1002 expansion of their capacity. The 
validity of such a strategy would depend upon whether a 
contract specifying quality, quantity and punitive clauses 
for non-performance can be enforced legally.

In this study, only the first option of a new glass plant has been 

further explored.

Based on the* preferences stated by ACDDiA staff and also because 
of insufficient data on other end use markets, this study has 
focused exclusively on producing pharmaceutical containers and not 
considered the very real possibilities of producing other ware for 
markets such as cosmetics, food, soft drinks etc.



1. Location

r'. ¿lass slant iesi*n and. ooeratisns

No analysis has been done to determine the optimum location 

of the glass plant. For the purposes of this pre-feasibility 

study, it has been assumed that the plant would be located 

in Cairo or its vicinity, since over 70% of the current pharma

ceutical production in the ACDIHA countries is produced in Cairo.

However, location of the plant near the market is not an important 

criterion for small containers such as pharmaceuticals. A more 

thorough analysis would be required with consideration given to 

labour, and raw materials availability and prices.

2. Design

It has been assumed that the earliest the plant would be operational 

would be early 1981; therefore, 1981 has been used as the base 

year of operation.

The plant has been designed based on the sales forecast shown for 

the years 1980 and 1985 in table 9.

The plant would consist of one 100 tnn/day oil (heavy oil) fired 

furnace with recuperator with capacity for expansion to two 

furnaces. The furnace would produce.both flint and amber glass, 

until the second furnace is installed at which time the furnaces 

could be devoted to a single colour. Based on the present sales 

forecasts, the second furnace would be required in 1985/86, which 

would also coincide with the rebuilding of the first furnace, 

assuming a 5 year life span for the furnace. The furnace would 

have six forming machines attached to it.



Forming equipment would be of the Hartford Individual 

Section type. In the first year - 1981 - 5 single gob 

and one double gob, 6 section machines would be required, 

of which one single gob machine would be a Press and Blow 

and the others all Blow and Blow. The machine complement 

would change to one single gob and 5 -double gob by 1985. 

This would be achieved by converting the single gob 

machines to double gob machines. (See schedule in table 13.) 

Production levels are not expected to achieve the total 

sales potential in years 1981 to 1984 because it is 

assumed that until the production staff acquires the. nec

essary expertise, the furnace output trill be lower than 

capacity for the first few years. Also, because double gob 

machines are more complex to operate, it would be necessary 

to introduce them slowly as experience is gained on the 

single gob machines.

Each of the I.S. forming machines would have a 1.2m (wide) 

by 20m (long) annealing lehr.

Cartons would be assembled and stitched on the floor and 

would be fed to the packers at the cold end of each lehr.



Table IJ. Schedule of machines and glass connaçe

1981_______ 1982_______ 1983 1984 1985

Bottles Required 
(Millions) 168 185 205 225

t

258
Tons Equivalent 17,900 13,750 21,800 24,050 26,500
Efficiency 
(T Packed) 64Z 71% 77% 82% 85%

No. of S.G.Machines 5 4 3 2 1
No. of D.G.Machines 1 2 3 4 5

Bottles Packed (S.G.) 
(Millions) 109 96 79 56 28

Bottles Packed (D.G.) 
(Millions) 36 80 126 169 230

Bottles Packed Total 
(Millions) 145 176 205 225 258

Tons Packed 15,450 18,789 21,800 24,050 26,500
Tons Pulled 24,140 26,463 28,310 29,330 31,176
% of Furnace 

Capacity 71% 78% 83% 86% 91%



The batch house would have automatic weighing and nixing 

equipment. The batch would be transferred by conveyors 

to the furnace. There would be 10 storage silos, each 

about 7m in diameter and about 16m. high. Because of the 

problems in transportation and general unreliability of 

raw materials suppliers, it was. consi< red necessary to 

provide for more than adequate covered storage:

Raw Material Storage Requirements

Sand 
Soda Ash 
Lime 
Feldspar 
Salt Cake

4 weeks 
8 weeks 

12 weeks 
18 weeks 
40 weeks

Cullet could be stored outdoors. Facilities have also been 

provided for both oil and water storage. A preliminary plant 

layout is shown in Figure I.

Capital Costs

Prices used throughout have been based on 1977 price Jev&ls 

or on the latest' available information. With regards to costs 

to be incurred in Egypt, the information provided by ACDIHA 

staff has been used.

The 7200 sq. m. plant would require about 85,000 so. m. of 

industrial land; this would allow for future expansion of the 

buildings tc house an additional furnace and storage space.
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Table 11. Capital expenditure for pharmaceutical 
g la ss plant in $CCCfs

1. Land 85,000 sq. m.
(3 $2.00/sq.n.

Sice preparation
2. Utilities

Water $ 50 .
Sewage 50
Gas 60
Electricity 300

$ 170 

150

3. Buildings
Batch House (7a 0 x 16 m H) $1,000
Furnace Bldg. 1450 sq. a. 1,305
Cold End 1950 sq. n. 351
Factory Offices 500 sq. a. 150
Power House 560 sq. a. 196
Mold, Maine., M/C Repair 1500 sq. m. 525 
Offices, Cafeteria 1400 sc. m. 420

4. Services
Compressed Air 50 psi (6000 SCFM) $ 425

" " 100 psi (360 SCFM) 75
M/C Cooling Fans (250 HP) 270
Fire Protection « 75
Oil Storage & Funping (50,000 gal) 200
Water (Cullet, Process, Domestic) 150
Lighting 110
Power Distribution 395
Control 6 Instrunentation 180

$ 320

460

2,947

1,880

5. Batch Systea
Haw Materials Handling $ 110
Batch Preparation 660
Cullet Handling 150
Batch Transfer (Conveyors) 100
Elevator 50

6. Furnace
Refractories ' $ 700
Steel 255
Recuperator 150
Combustion System 150
Cooling 60
Batch Chargers 50

7. Forming Machines
Feeder Mech (144) $ 180 
6 Sec. I.S. M/C S.G. x 5) 1,110 
6 Sec. I.S. M/C D.G. x 1)
Variable Equip. 220 
Gang Stackers 120 
Lubrication 40 
Machine Services 143

1,070

1,365

1,310

cont'd
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ß. Lehrs
Six, (1.2a x 20m) Lehrs 
Cold End Sprays

$ 750 
• $ 870

9. Spare Parts 300
10. Carton Formins and Hand Packing

Stitching, Hand Pack Stn., 
Shrink Tunnel & Conveyor 90

11. Miscellaneous Equipment
Batch & Tank Laboratory 
Quality Control 
Offices 
Mould Shop
Maintenance & M/C Repair 
Lift Trucks

$ 80 
100 
100 
500 
150 
25 955

12. Transportation
Ocean Freight, Insurance 
Inland Freight, Handling4

2,000

13. Engineering & Construction 
Management
Engineering Costs, Fees, 

Commissions 2,000

14. Engineering Contingency 900

15. Training and Start-up Coats 1,200

Total $ 19,167



The details of the land buildings and equipment costs are 

shown in table 11.

The capital costs are estimated at §15 million plus $2 

million for engineeri .g design and construction managements' 

costs and an additional $0.9 million for engineering con

tingencies, bringing the total capital costs to about $18 

million.

4. Training and Start-Up
m

Approximately $1,200,000 is estimated as the cost of training 

the local staff and start-up which would bring the new plant 

to the first year's targeted level of efficiency.

Ap this stage, no further details have been worked out for the 

training program, as to whether it would be conducted in Egypt 

or in the plants of the company providing the technical assistance.

5. Plant Manning

The plant manning has been based on the machine and tonnage 

schedule shown in table 10..It is estimated that the plant would 

operate on a 3 shift basis for 340 days a year.

The direct labour complement required is shown below for skilled, 

semi-skilled and unskilled categories.



Plant Hanning

The direct labour rates used include fringe benefits at 

20% of base pay and were taken on a basis higher than the 

current Egyptian rates, on the assumption that a premium 

would be necessary to attract a better class of worker.

The rates used are shown in the appendix.

The direct labour complemènt for 1981 is projected at 212 

persons, not including supervisors and management. The 

schedule is shown in table 12.

The staffing is heavier than at comparable North Americanm
plants because of the assumption that all packing operations 

would be done manually.

Raw Materials

Prices assumed for raw materials have been based on 

available information, and are shoun ir. the appendix.

The raw material batch cost is based on the assumption 

that 65% of output will be Amber glass and 35% will be 

Flint.

Based on the following batch composition for Amber glass:

Sand
Soda Ash
Limestone
Feldspar
S. Sulphate
Cnrbicites
Pyrites

58.6%
20.0
14.5
5.3
1.0
0.2
0.2
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Table 12

GLASS PLANT MANNING 
$ in ООО's

Direct Labour 
Category

1981
Persons $

1982
Persons $

1983 
Persons $

1984
Persons $

1985
Persons $

Unskilled 100 276 105 290 122 33S 128 353 142 392

Semi-Skilled 63 217 70 242 82 283 86 296 95 328
Skilled 49 203 50 207 53 219 55 228 55 228

Total Direct 211 696 225 739 257 838 269
1

877 292 943

Indirect & Overhead 
Labour Category

Plant
Persons

Office
Persons

Total
Persons

Total
$

Managerial 6 5 11 103

Foreman/S upervisors 18 10 23 114

Clerical/Secretarial 11 12. 23 62

Total 35 27 62 279

!7ote: Direct labour coses include fringes of 20%
Indirect and Overhead Labour Costs include fringes of 30%



r
The average cost of the batch is $46.60 per ton of glass.

To this has been added the cost of transportation which 

has been assuned at $13.00 per ton .to arrive at a total 

cost of $59.60 per ton of glass.

7. Inventory of Raw Materials and Finished Goods

Because of the high costs for cartons, carton inventory 

has been assuned at one weeks level. This may need to be 

1 ireased based on prevalent supply conditions.

Other raw materials inventory has been based on figures4
shown in Section ?, , 2 on Design.

It has been assuned that it would be necessary to c?cry 1.5 

months of production in finished goods in inventory.

8. Mould Shop and Machine Repair

• Provisions have been made for a completely equipped 

mould shop to ensure that moulds of the necessary spec

ifications and tolerances are available. It is believed 

that the necessary grey iron castings for the moulds are 

available in Egypt. It would be necessary, however, to 

purchase an initial set of moulds until the mould shop 

becomes operational. It is estimated that the Initial 

set of moulds would cost about $225,000.

The plant has also been equipped to overhaul and modify the 

I.S. for. _ng machines.

I



9. Source of Technology

It would be necessary for ACDII1A to acquire the necessary 

glass manufacturing technology from an established and 

reputable glass container manufacturer. This source would 

provide the initial design and start-up management. It has 

been assumed that a technical assistance agreement would also 

be negotiated for at least the first 10 years of operation, 

so that local management can fully acquire and absorb the 

technology of glass manufacture and also continue to benefit 

from new developments in the field. It has been assumed that 

the cost of such an ongoing agreement would be about 3% of

sale:.
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j . Pir.ar.cial analysis

1. Major Assumptions

Earnings and Return on Investment are dependent on the 

financial structure of the company. Though it is more 

than likely that cebt capital would be utilized, it is 

beyond the scope of this study to suggest an appropriate 

m-t-ir of debt and equity capital.. For purposes of pre

senting an investment analysis it has been assumed that 

the project would be financed solely from equity capital. 

Debt capital if available at favourable rates, would 

obviously improve the return on equity capital.

Depreciation has been calculated on a straight line basis, 

with periods ranging from 40 years for buildings to 5 

years for furnace lining. Based on the different rates 

used, the average period for the total capital investment 

in buildings and equipment works out to about 16 years.

It has been assumed that the 5 year tax holiday allowable 

to new enterprises in Egypt, would be applicable to this 

project. A tax râte of 402 has been used for the years 

1986 to 1990. * -

For purposes of the return on investment analyses the project 

is assumed to have a life of 10 years with a liquidation 

value of $5 million plus working capital.
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2. Sales Forecasts

Sales have been forecast using international prices for 

pharmaceutical glass bottles. It has been assumed that 

prices would have to be competitive to international 

prices to be able to export to the pharmaceutical companies 

in the other Arab countries.

Based on the distribution of sizes, the average selling 

price is $480 per ton (including carton costs of $15/ton) 

f.o.b. the glass plant.

3. Packaging Costs

It has been assumed that glass would be packed in corrugated 

cartons with suitable dividers. The cost of corrugated car

tons, which are expensive in Egypt, account for about 33 

percent of the sales dollar. Profit levels could obviously 

be improved if suitable and cheaper alternate methods of 

packaging could be used, such as shrink wrapping etc. This 

needs to be investigated further.

• *
4. Financial Projections

Pro forma Income Statements, Balance Sheets and Cash Flow 

Statements are shown in tables 14, 15 and 16 for the years 

1981 to 1985.

Table 13 shows the financial highlights.



The project shows an Internal Rate of Return of SZ with 

a payback period of about 8.5 years. It has been assumed 

in the Return on Investment calculations (and contrary to the 

cash situation shown on the Balance Sheets) that the cash 
generated by the operations would either be paid out in 

dividends or invested elsewhere.

Because of the assumed tax holiday for the years 1981 to

1985 net income peaks at $3 Pillion in 1985. It has been 

assumed for purposes of ROI calculations, that for the years

1986 to-1990 the same level of sales and costs would be main—
Atained. However, a 40% income tax factor has been applied 

reducing the net income to $1.8 million.

Figure II shows a plot of sales against total costs. The 

operations achieve a breakeven point at about 13,000 packed 

tons or sales of about $6.2 million.

Table 13** Financial highlights

Total Investment $ 19,000,000

Payback period S.4 years

Rate of Return on Investment

Net Income

1981 $ 422,000 (tax holiday)

1985 3,010,000 (r-:: holiday)

1986 to 1990 1,806,000 annually (40% tax)
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1981 1982 1983 19S4 1985

Sales 3 $480/ton 7,416 9,019 10,464 11,544 12,720
Cost of Goods Sold

Batch Materials @ §59.6/ton 941 1,127 1,311 1,448 1,591
Direct Labour 696 739 838 877 948
Fuel & Utilities @ $14.5/ton 350 384 410 425 452
Mould Costs 350 15C 120 120 150
Carton Costs 2,412 2,930 3,420 3,745 4,300
Misc. Materials &

Supp. @ $5/ton 121 132 142 147 156

Total Direct Costs 4,870 5,46? 6,241 6,762 7,597

Maintenance & Repairs
3 $5.5/ton 133 145 156 161 171

Indirect Labour 169 169 175 175 180
Depreciation

m

1,100 1,105 1,110 1,115 1,120

Total Indirect Costs 1,402 1,419 1,441 1,451 1,471

Total Cost of Goods Sold 6,272 6,8S1 7,682 8,213 9,068

Gross Profit 1,144 2,138 2,782 3,331 3,652

Administrative Costs

Salaries n o 115 125 135 150
Expenses 90 95 100 105 110
Amortization of Start-up

Costs 300 300 300 300
Tech. Asst. Fees @ 3% of “

Sales 222 271 314 346 332

Total Administrative Costs 722 781 839 886 642

Profit 422 1,357 1,943 2,445 3,010

Tons Packed 15,450 18,789 21,800 24,050 26,500

Tons Pulled 24,140 26,463 28,310 29,330 31,176

N.B. Income tax holiday assumed for the first 5 years of operation.



Table 15- Pro forma balance sheet

1980 1981 1982 1983 1984 1985

Assets

Cash 208 93 2,558 5,611 9,229 13,112

Accounts Receivable 927 1,127 1,308 1,443 1,590

Inventory 955 1,082 1,211 1,288 1,428

Land, Bldgs. & Machinery 
Less Accumulated Dep’n

17,967 17,967
1,100

18,017
2,205

18,067
3,315

18-117
4,430

18,167
5,550

16,867 15,812 14,752 13,687 12,617

Pre Production Expenses 
Less Amortization

825 1,200
300

1,200
eco

1,200
9C0

« 825 900 600 300

Total Assets 19,000 19,742 21,179 23,182 !5,647 28,747

Liabilities

Accounts PayabJe 320 400 460 480 570

Shareholders Equity 19,000 19,000 19,000 19,000 19,000 19,000

Retained Earnings 422 1,779 3,722 6,167 9,177

19,000 19,742 21,179 23,182 25,647 28,747



Table 15. Pro forma cash flow an.air sis

1980 1981 1982 1983 1984 1935

Sources of Funds

Equity 19,000

Operating Incone 422 1,357 1,943 2,445 3,010

Depreciation 1,100 1,105 1,110 1,115 1,120

Amortization 
Preproductiun Exp. 300 300 200 300

Accounts Payable 320 80 60 20 90

Total Inflow 2,142 2,842 3,*13 3,880 4,220

Uses of Funds

Preproduction
Expenditure 825 600

-

Capital
Expenditures 17,967 50 50 50 50 .

Accounts Receivables 927 200 181 135 147

Inventory #
•

955 127 129 77 140

Cash' 208 (340) 2,465 3,053 3,618 3,883

Total Outflow 19,000 2,142 2,842 3,413 3,880 4,220



Ccnclusi-ns

The major reasons that prompted ACDIMA to consider investing in 

a pharmaceutical glass container plant are:

a) The inability of local glass container manufacturers 
tc satisfy the demands of the pharmaceutical companies 
ir the ACDIKA countries, and

b) The poor quality of the glass containers manufactured 
locally

These conditions which have existed for some time, have hindered 

the production of pharmaceuticals and have also been a negative 

factor in the Egyptian pharmaceutical industry's efforts to 

increase pharmaceutical exports.

The analysis done in this Study shows that there is sufficient 

demand for pharmaceutical blown glass containers in the ACDIMA 

countries to justify a small plant devoted to the manufacture 

of Type II and III pharmaceutical blown glass containers. This 

is based on the mrjor assumption that the proposed glass plant 

would be able to achieve an 8QZ share of the pharmaceutical blown 

glass container market in the ACDIMA countries. This assumption
l

is based on the information provided to the author by the ACDIMA 

staff. It is not possible to comment on the validity of tlfis 

assumption as the author had no opportunity to judge the reactions 

of the pharmaceutical industries in the other countries.

Based on the assumptions shown earlier in the report, a dis

counted cash flow analysis shows that Che return on investment 

would be about 9%, with a payback period of about &i years.

The attractiveness of this rate of return on investment could 

of course only be judged by ACDIKA.
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The two current developments in the Egyptian glass container 

industry (vis a vis El Nasr Glass & Crystal Co. and Middle 

East Glass Co.) are likely to substantially increase the glass 

container production capacity of Egypt. It is possible that 

either one or both of them could produce the necessary pharma

ceutical glass for the ACDIMA countries, thus increasing the 

options open to the pharmaceutical industry and to ACDIMA 

management.

It is also possible that this increase in glass manufacturing 

capacity may produce increased competitive activity in the market 

place, resulting in:

a) Lowered glass prices in the initial years 1979 to 1981, and

b) Increased pressure on the sources of raw materials such as
soda ash

However, this study has not taken these factors into consideration.



Aooendix

SCHEDOIS OP ASSUMED PRICES

1. Major Raw Materials

Treated Sand $ 20.00 per ton
. Limestone 12.50 " "
Feldspar 107.50 " "
Soda Ash 100.00 '* "
Sodium Sulphate 45.00 " "

Utilities & Fuel

Heavy Oil - Mozout $ 20.00 per ton
Electricity 0.03 per kw. hr.
Water 0.075 per cubic meter

Labour -

Unskilled $ 1.25/hour including 20% fringes
Semi-skilled 1.55/hour including 20% fringes
Skilled 1.90/hour including 20% fringes
Supervisory $340/aocth including 30% fringes
Clerical 225/month including 30% fringes
Managerial 780/month including 30% fringes

4. Cartons

Average size 0.04 cubic meters $1.20

5. Land & Buildings

Serviced Industrial Land 
„ Industrial 3uilding:

Heavy Construction 
Light Construction 
Office Construction

$2.00/sq. m.

$900^sq. m. 
180/sq. m. 
300/sq. m.



X7I - PRODUCTION OF PLASTIC AND METAL TUBES FOR T5S

PHARMACEUTICAL

A. Summary

1) Plastic Tubes;
a) Present;

The Medical Packaging Company (MPC) of Cairo has facilities for the 
production of plastic vials or tubes. It is necessary to improve the 
precision of the molds to ensure satisfactory quality of the products.

b ) Future:

The consumption of the plastic tubes is on the decline owing to the 
increasing popularity of blister packing. In view of this a market survey 
ig warranted before further investments are made to augment production of 
plastic tubes for the pharmaceutical industry.

2) Metal Tubes:
a) Present:

There are facilities available at MPC for the manufacture of metal 
tubes. However, the quantum of production as well as quality are not up to 
the malic due to improper working of the machines. The points requiring 
immediate attention to obtain optimum output have been highlighted.
b) Future:

It is necessary to carry out market research to find out the actual 
requirements of metal tubes for the pharmaceutical industry as well as for 
cosmetic and other uses. After establishing the need for higher output and 
after ensuring proper functioning of the existing machines, it is recommended 
that ACDIMA may erect a new plant outside of Egypt. Guidelines are laid down 
for consideration prior to the establishment of new manufacturing facilities.

c) Suppliers of Equipment:
The names of the leading suppliers of equipment for the manufacture of 

metal tubes along with their product lines are indicated.
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3« Зепега!
A surrey of the manufacturing facilities for Plastic and Metal 

tubes in Egypt was carried out. It is understood that there are no 
facilities for the manufacture of tubes in other Arab States. In 
Egypt there is only one tube в tnufacturing plant located in Cairo known 
as Medical Packaging Company (MFC) in the Public Sector. This unit has 
thres divisions vis. Plastic vials (tubes, closures and different 
containers), metal tubes and glass bottles.

The requirements of metal tubes by the pharmaceutical plants are 
indicated in taDles 1 and 2. The output of metal tubes at the 
Medical Packaging Company is shown in taole 3 ale g with their future 
plans and the distribution of the preducts.

Table 1. ¿USUAL HESOIRESOTS OF METAL TUBES 3T 
TSHEB PHARMACEUTICAL OBITS Df 3G7PT

Marne of the Unit Requirements in Millions

Aluminium Tubes Tin Tubes

C.I.D. Co., Cairo * a.o 2.0

Nile Co., Cairo 0 . 3 5 0 . 4

Hoechat Orient S.A. +
1 0 . 9 5 0 . 5

* of the requirements imported from Prance and Germany 
+ Part requirements covered by imports from El Xaaden in Tunisia.

Table 2. REQUIREMENTS OF METAL TUBES 3T PHARMACEUTICAL PLANTS
( ПГ MILLIONS)

Tear Tin Tubes Imports of Aluminium or Tin Tube:

1977 26 3.9. 1.5

1978 39 4.2

1979 45

1980 55
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Table 3. Output of Mexal Tubes at Medical Paokaging Co,, Cairo
(in Millions)

Year Aluminium Tubes Tin Tubes

13 .5 nua 19 mm 22 mm 25 mm 30 mm Total 10 mm 13.5 16' mm 19 mm Total

1975 2.2 8.6 5-5 3.8 20.3 0.6 8.1 0.2 0.4 9.3

1976 3.3 9« 1
%

5.3 3.3 21.0 0.4 7 . 5 1.0 0.3 9.6

1977 2.0 5.0 12.0 5.5 3.5 28.0 0.0 7.0 0.5 ’ 0.5 8
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Ifates to table 3:
I: Tin tubes, as well as 13.5» 19i and. 22 mm aluminium tubes, are

exclusively used for pharmaceutical products.
1977 production of 25 mm aluminium tubes is expected to be distributed 
between pharmaceuticals, cosmetics and toothpastes at the rates of 
20^, 33% and 23% respectively, while 30 mm aluminium tubes are expected 
to be distributed between cosmetics and toothpastes at the rates of 
70^ and 30$ respectively.

II: Sources of raw materials and amount:

a) Aluminium slugs
170 tons imported from Prance and Federal Republic of Germany (. the 
local production of aluminium slugs being below the required standards

b) ' Zinc stearate
200 kgs. to be purchased locally.

c) Lacquer for inside protection
5000 l̂ gs. imported. Consumption rather high.

Ill: Planning for future facilities for production of aluminium tubes
(and aluminium boxes)
Machines proposed to be purchased
1978 one automatic line
1979 one automatic line
1980 one automatic line

IV: Distribution of products
limited quantities have been exported during the last two years, 
nevertheless the estimated output for 1977 is supposed to be consumed 
by the local industries. The needs of the local market are still 
higher than the act ü  production capacity.



G» Plastic tubes
a) Present:

The Medical Packaging Company has facilities for the manufacture of 
plastic vials (called plastic tubes) and closures for vials and tubes.
Most of their machines have been imported from German Democratic Republic 

some old "Battenfeld” machines from Federal Republic of Germany.
Each machine is a separate unit producing the finished article. Practically 
all molds used on these machines are produced in the tool room of the plant.
AS the precision on the tools is ppor, the quality of some products was 
found to be deficient. Burrs were observed on the caps as well as vials.
23 individually controlled machines are producing polystyrene vials. An 

'additional 20 machines can produce closures for metal tubes and vials.
These machines are equipped with unscrewing devices in order to guarantee 
good quality of the thread. The outside of the cap is substandard due to 
lack of precision in the finishing molds. Some machines have been 
acquired recently for producing buckets and crates and their performance 
has been found to be satisfactory. Raw materials are imported from
France, Italy and the Federal Republic of Germany, The storage facilities are 
adequate.

According to the information received from the Pharmaceutical Companies, 
the consumption of plastic vials or tubes is on the decline as the blister 
packaging covered by aluminium foil is becoming more popular on account of 
certain advantageous features in the case of the latter such as the pills 
or capsules are individually protected, prevention of contamination and 
these machines are easy to set up and operate.

However, child proof closures for vials are not produced at present. 
These closures are required according to the Food and Drug Regulations in 
North America. Production of such vials and closures requires high precision 
tools.

D. Metal tubes
a) Present:

The facilities for the manufacture of metal tubes are located on the 
ground floor of a six storey building under construction. This section has 
three impact extrusion presses working independently and producing a fair 
quantity of aluminium and tin tubes. As in the case of the presses, the 
threaders for cutting to length and forming the thread are performing 
independently.
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90̂ 6 of the tubes produced have to be lacquered inside to protect against 
contamination. MFC has two hand operated inside lacquering machines, 
and annealing ovens. All these equipments are outdated and need early 
replacement, as they are not equipped with proper exhaust systems for 
removing the f >1vents contained in the lacquer. Two separate decorating 
lines comprising a base coating machine, drying oven and a printing line 
with a Becond drying oven are also hand operated. They produce 1-2 colour 
printings. However, the quality is poor. All the tubes produced on these 
old lines are capped (putting closures on) manually on a table located away 
from the printing machines. This can result in the mix up of tubes. The 
boxes are made by MPC and repaired by the people capping the tubes.

The boxes have to be inspected and vacuum cleaned. Similarly there has 
to be control over the tubes left over.

Recently MPC installed an automatic line from Federal Republic of 
Germany and this unit can produce Aluminium tubes in an uninterrupted 
cycle. However, it is necessary to pay immediate attention to the following 
points to obtain the optimum output from this unit:
1) Provision of all the necessary components.
2) Supply of adequate spare parts and chests for spare parts.
3) Written instructions in English as well as Arabic for operation and 

maintenance.
4) Planned preventive maintenance programme.
5) Special tools for interchange of sizes, shafts and printing plates 

and toolboxes.
6) Avoiding the influx of sand into the area.
7) Submission of closures to the manufacturer of capping machines to 

facilitate the adjustment of the automatic capping machine.
8) Testing of different latex materials to find out the one suitable for 

the latex machine.
9) To rectify the supply of compressed air by providing suitable cylindrical 

containers to absorb the condensed water to avoid interruptions in pro
duction.

10) Establishment of a testing station close to the lines(Test with mercuric 
chloride, copper sulphate or electronic test). Hourly test recommended.

11) Statistical quality control.
12) Daily production reports enumerating causes for shutdowns.
13) Accurate application of lubrication of raw materials (slugs) to facilitate 

complete removal during the annealing process.



14) Accurate set up on the threader.
15) Proper air installation on the inside lacquering machine.
16) Correct set up on base ccaters and printing machines.
17) Good housekeeping.
18) Location of the ovens outside the working area possibly on another floor

to avoid the heat on the lines.-
In the absence of action on the above, the line has not worked to 

capacity. To rectify the factors referred to, it is recommended that 
advice from the manufacturer should be soumit. Only specialists with 
experience could remedy some of the problems encountered as e.g. in the 
case of the inside lacquering, the capping and the latex machine.
Remedial of these problems is not only necessary to give optimum production 
without interruption but to meet the quality standards required by the 
pharmaceutical units. This would obviate the import of metal tubes, which 
has now become necessary due to the poor quality of the tubes produced at 
present.

Latexing has been recognized as efficient protection against leakage 
from the. fold of the tube. This also will be impervious during hot climate. 
This will further avoid the current practice of wrapping the ointment tubes 
in a plastic folder '¡n account of leakage.

It is also recommended that the machine ; operators should get the 
necessary know-3iow by visits and working in modern tube plants abroad. It 
is necessary to introduce in-plant training for housekeeping, cleanliness 
and safety.

b) Future:
According to MFC, the requirements of the local market are higher than 

the existing capacities. MPC has two hand-operated lines which together 
can produce 40 million tubes per year. One automatic line produces 38 

million per year. In all, therefore, the output should be 78 million per 
year. However MPC expects to produce 36 million tubes in 1977. Even 
granting that the new automatic line has been recently installed and has 
yet to attain optimum production, the output is still far below what it 
should be on account of reasons enumerated above. MPC therefore, proposes 
to install one new automatic line every year starting from 1978 to 1980.
Each such line will entail an investment of about US$230,000. In view of 
this, it is recommended that the existing facilities should be improved on 
the lines referred to above to obtain the optimum capacity with the
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required quality standards. After achieving this, it is recommended that 
ACDIMA may plan for the erection of a new tube plant outside of Egypt.
It ia also necessary to carry out market research to find out the require
ments of tubes in other areas such as toothpaste, shaving cream, skin 
cream, etc. The combined requirements of the pharmaceutical, cosmetic and 
other industries may justify the big investment needed. The following 
guidelines may be taken into consideration prior to the establishment of 
new manufacturing facilities for metal tubes.
1 ) The decision on the site may be based on the findings of the pharmaceutical 
experts.
2) The site chosen ;hould be close enough to the pharmaceutical plants to 
ensure close liaison between the producers and users and to avoid long and 
costly transportation.
3) The site should be in a dust and pollution free surroundings to obviate 
contamination of raw materials.
4) The new plant may preferably consist of one floor with facilities to 
install the ovens on the roof. Transfer conveyors and chains could be 
extended, to improve cooling before the tubes reach the next stage of 
operation.
5) The layout of the proposed plant as submitted by the construction firm 
should be cleared by an experienced tube manufacturer.
6) Training of personnel of the following categories
l) Pressman, also should be able to train helpers and setup men for 

threaders, conveyors, etc.
il) Offset printers for multicolour printing and also should be able to train 

assistant.
iii) Training in the set up of inside lacquering machine and capping machine 

and eventually being able to handle the latexing.
The North American Tube Council in co-operation with the tube manufacturers 

established an educational programme for setting up Herían extrusion presses 
comprising audio-visual techniques.
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7) The lay out of the new building may include the following:-
i) A secluded area Гог tool room and ample space.
ii) Adequate facilities for the storage of raw materials.
iii) Room for packing material and cleaning facilities.
iv) Production area.
8) Tooling:

The backbone of good tube production is a well equipped tool room.
Equipment should consist of different types of lathes, milling machines, 
surface and cylindrical grinders and heat treatment facilities with hard
ness testers. The manufacturers of presses will supply the required tool 
sets. The wear out of tools on impact extrusion presses is high due to 
accumulated heat and high pressure. The extrusion tools (die and puncher) 
lose accuracy after extrusion of approximately 15 0 ,0 0 0 pieces. Wailram,
Essen,Federal Republic of Germany, General 21ectrie United States produce tools . 
with cabrde inserts. This tool room can also be used for making molds for plastic
componrntssuch as closurers for tubes, plastic vials, etc. The use of 

*prefabricated units is recommended to ensure proper and timely commissioning 
of the new plant, 
c) Suppliers of Equipment:

The most well known producers of machineries for the metal tubes and 
cans are:-
i) М/S Herían, Karlsruhe, Federal Republic of Germany. This firm 
assembles complete production lines, manufactures different types of presses, 
threaders, coaters, printing machines, cappers and ovens. The inside 
lacquering machines and latexing machines supplied by M/S Sprimag,
Kirchheim, Federal Republic of Germany are incorporated in the lines assembled 'ey 

Herlans. ii) M/S Alpons Mall, derghause, Federal Republic of Germany. This 
company produces only threaders, coaters, printing machines, ovens and coppers. 
They also assemble complete lines, using presses made by M/S Schuler, Goeppinger,
Federal Reoublic of Germany and inside lacauering and latex, “achines supplied by 
Spriman.
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iii) Poly-type SA, Fribourg, Switzerland.
This firm produces only threaders, coaters} printing machines, cappers 

ani- ovens. They also assemble complete lines, using presses from a Swiss 
manufacturer. Inside lacquering and latexing machines are provided by a 
Swiss subsidiary of Sprimag. The polytype printing machines are accurate 
and easy to set up.
iv) Joseph Rhodes and Sons Ltd, Bellevue, United Kingdom. This company 
manufactures presses.




