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INTRODUCTION 

A 

This  is the  final report covering the  consulting 

assignment which began upon my arrival in Tehran,   Iran on 

October 22,   1966,  and terminated in September,   1967t when 

I left   the  duty station.     The  duties of the pharmaceutical 

advisor as  set forth in the job description  I received on 

my arrival in Iran are  listed as follows: 

The advisor will be expected to assist the Iranian 

Government  in carrying out  feasibility studies on the deve- 

lopment  of basic drug industry with a view to promoting the 

co-operation of the three  RCD countries  (Iran,  Pakistan, and 

Turkey)   and possibly setting up joint-purpose  enterprises in 

the  field.     The advisor is also expected to assist the Iran- 

ian Government in carrying out the additional research work 

necessary in the three countries and in preparing the final 

feasibility study reports. 

For carrying out  the project,   I am attached to the 

Ministry of Economy of the  Iranian Government and worked 

with my counterpart,  Dr.  H. Asarbaljani,  Pharmaceutical Ex- 

pert  of the Ministry of Economy.    With the  generous assist- 

ance  of Dr.  Azarbaijani,   opportunities have  been provided 

for intimate  contact with many aspects of pharmaceutical ac- 

tivity  in Iran.    I am especially grateful for the assistance 

of many  Iranian government officials who were  interested in 

our efforts.    H.E.  Dr.  A.  N. Alikhani,  Minister of Eoonomy, 

H.E.  Dr.  M.   Yeganeh, Vice-Minister of Economy,  provided the 

dynamic  leadership and inspiration for carrying out the pro- 

gramme.     Dr.  J. Vafa,  Acting Director,  and Eng.  K.  Iravani, 

Head of   Industrial Evaluation and Preparation of Projects, 

Industry Section,  Research Center for  Industrial and Trade 

Development,   Ministry of Economy, were helpful in the imple- 

mentation of the plans« 
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CHAPTER    I. 

PRESENT SITUATION OF DRUG IMPORTATION It CONSUMPTION IN  IRAN 

Statistics   on the annual importation of pharmaceuticals 

are made according  to the information  compiled by the Bureau of 

Statistics, Ministry  of Finance.    The  imported pharmaceuticals in- 

clude various forme   of pharmaceutical preparations as well as bulky 

basic drugs for domestic pharmaceutical uses«    The classification 

of pharmaceuticals  which was developed by the traditional method of 

custom is somewhat  un-unified.    Since  some  of the pharmaceuticals 

in the list are classified by articles,   such as glucose,  phenace- 

tin,  plasma, and penicillin etc.,  and some are classified by cate- 

gories, such as antibiotics,  antimalarials,   proprietary drugs and 

non-proprietary drugs etc.    Thus it  Ì6 rather difficult  to get a 

clear picture  for  the  distribution trends  of pharmaceuticals  in 

Iran.    The new classification of pharmaceuticals are generally 

based upon therapeutic and end-use breakdown.     It is suggested to 

make statistics hereafter by adopting new classification system. 

Now we try  to reclassify the annual  importation of pharma- 

ceuticals in brief  categories,  by value and percentage as shown 

in Table 1. 

A 

ÉÊÊÊêM 

Table 1 - Annual  Importation of Pharmaceuticals.   1964 through 1966 

Source:     Yearbooks,   1964-1966,   Foreign Trade Statis- 
tics of Iran,  Bureau  of Statistics,  Ministry 
of Finance. 

Items 

1 
TT7 

1964 
(add 000) 

2 

1965 
(add 000) 

3 

1966 
(add 000) 

4 

Proprietary drugs Rk.1,730,630(59.2*) ft. 1,851.722(55.0*) fc.2,152,612(59.8*) 

Non-proprietary 
drugs (2) 59,157 (2.0*) 47,571  (1.4*) 41,752 (1.2*) 



- 3 - 

^ 

Antibiotios 

Excipients  (Starch, 
olive oil, peanut oil, 
glycerin,  lactose,  glu« 
cose,   talc,  petroleum| 
liquid paraffin and pa- 
raffin,  etc.)  (3) 

Solvents (methanol, 
glycols, acetone, ¿ 
other solvents (3) 

Packing materials 
(empty ampuls) 

Sera & vaccines 

Antimalarials, anti- 
leprosy drugs,  bis- 
muth and arsenio com- 
pounds,  opium alka- 
loids,  etc. 

Milk powder and 
baby foods 

Basic drugs for do- 
mestic manufacturing 
and therapy 

Total 

6-f9,506(22.2*) 

1-»5,720 ik.9%) 

963,58^(28.6*) 

118,085 (3.5*) 

9l8,->58(25.9*) 

73,033 (2.0*) 

31, 15* (1.1*)       H.886 (1.3*>       31tl»36 (0.9*) 

2,878 (0.1*) 2,26-» (0.1*) 

19,159 (0.7*) 

20,283 (0.7*) 

22,863 (0.7*) 

16,168 (0.5*) 

22,991 (0.6*) 

^3,569 (1.2*) 

257,036 (8.8*) 

7,308 (0.3*) 

2,919,953 

263.887 (7.W) 

3^,968 (1.0*) 

3,366,612 

279,9*0 (7/8*) 

32,901 (1.0*) 

3.596,956 

Note:  (1)   Proprietary drugs consisting of basic drugs and pharmaceutical 

preparations bearing the proprietary (trade) names« 

(2) Non-proprietary drugs consisting of basic drugs and pharmaceu- 

tical preparations bearing the non-proprietary (generic) aaass. 

(3) Excipients and solvents used for the pharmaceutical,  chtaioal 

and other industries. 
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Source :    Ministry of Health 

Categories Items 

Anesthetics 51 
Antihistamines 124 

Antibiotics 575 
Antibacteriala 359 
Antimalarials 11» 

Antineoplastic agents 7 
Anthelmintics 45 
Autonomic drugs 123 

Cardiovascular agents 257 
CNS depressants 3* 
CNS Stimulants 142 

Diagnostic agents 30 

Ensyaes 22 

Qastro-intestinal agents 117 

Hematological agents 266 

Hormones 637 
Renal acting and edema-reducing agents 77 
Therapeutic nutrients and substitutes 97 
Vitamins 339 
Others 883 

Total 4,451 it «as 

The total importation of pharmaceuticals amounted to 
*• 3,598,956,000 (I 47,986,000) in 1966«    Comparing to   the 
amount of m. 2,916,953,000 (I 38,932,710) in 1964,    the im- 
port has risen 23,2% in the past three years.        From 1964 
through 1966,  the import of proprietary drugs ranged between 
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55.0 and 59.8%. And the import of non-proprietary drugs has 

decreased fro« 2*0% to 1.2ft in the past three years» For an- 

tibiotics, the import has reached 22.2% in 1964, increased to 

28.6% in 1965, and decreased to 25.5% in 1966. Besides, the 

import of milk powder and baby foods (infant feedings and die- 

tary supplements) has ranged to a rather higher percentage bet- 

ween 7.8 and 8.8%. Statistics also indicate that the import of 

excipients and solvents has reached to 6.0 in 1964; 4.8 in I965 

and 2.9% in I966. Parts of these substances are used for domes- 

tic pharmaceutical processing but the rest are mostly used in 

the chemical, food and other industries. 

In 1965i 4,451 itene of pharmaceuticals were permitted 

to import by licensing. We have noticed in Table 2 that there 

were too much duplications on the items of imports in each ca- 

tegory. For instance, there were 637 items for the hormones, 

575 items for the antibiotics, 359 items for the antibacterials 

and 346 items for the CNS depressants. It would save a large 

amount of foreign exchange, probably attending to 30-40% of the 

total imports, if the restriction of the imports of those unnecss- 

sary^ proprietary drugs is effected. 

There are no available data concerning the annual con- 

sumption of drugs with market prices in Iran. Just upon the 

wholesale prices, the estimate of the consumption of drugs has 

been made between ft. 3,520,000,000 and 3,600,000,000 in I966. 
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CHAPTER    II. 

PHARMACEUTICAL  INDUSTRY IN IRAN 

The development of pharmaceutical industry in Iran has 

gone  through several distinct phases.    Few pharmaceutical 

plants has been erected thirty years ago.    Around ten years 

from now,  more plants were being started.    There were about 

80$ of plants being set up during the period of Second Plan 

(1955-1966),  and about 10# in the period of Third Plan  (I96O- 

1966).    By 1966,  the pharmaceutical plants and laboratories 

(small-scale plants) reached 65«   of which there are about se- 

ven plants operating the pharmaceutical production in more 

large  scale with proper technical personnel and adequate ma- 

chineries and facilities.    At  least,   five domestic plants have 

allied themselves with foreign  firms.    These operative ven- 

tures will provide many well-known foreign brands to the medi- 

cal profession and public throughout  Iran*    Most  laboratories 

produce limited varieties of preparations.    Many of their pro- 

ducts have not undergone  quality tests prior to the sales. 

Table 3 Pharmaceutical Plants in Iran 

(A)    Domestic plants having allied with foreign firms 

Domestic plants Foreign firma 

1*    Daroupakhsh Imperial Chemical Industries (ICI),UK 

Allen-Hembrius, UK 

Glaxo,  UK 

Sharp and Dohme,  USA 



- 7 - 

A 

2« Tolidaru Maxoa, USA 

Alkan, OSA 

Vicks, USA 

darter Vaia, USA 

Deeetine, Geraany 

Baystroff, Germany 

Phillip Aar, Holland 

3* Baxter Baxter, USA 

k.    XtfeMUi«Caiai« Orunental, Germany 

Boringer, Gersany 

3« Para Induatrial Go«      Boots, UK 

(E) Domestic plants and laboratories 

1« Vira    6. Faria   11« Dar ow gar   16« fella 21. Wandoa 

2. Gol     7* Macks   12. Grainy     17. Max 22. Nosak 

3« Myoint   8. Park   13* Rash      18« Biocheay 23. Nazin 

k.  Total   9. Fas    Hf. Mina      19* Or o gal > 2k. Rosa 

5. Abidi   10. Rogeh   13« Raain     20. Labrano 25. Rita,eto. 

(Ç) Operating Foreign Plants 

1«  Lepetit, Italy         With Iranian oapital 

2«  Bayer-Pharna, Germany   Without Iranian oapital 

(D) Foreign plants will be ereoted in near future 

1.  Squibb, U8A 

2«  Park-Davis, USA 

3«  Upjohn, USA 

k.      Pfiser, USA 

5«  American Cyanaaid (Lederle), USA 

6«  Organon, Holland 
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ftttf »  %fïl»l« It  s9»r« ^Jor P9fffTH9 Pfrfllffi Itt? 
8ouroe: Pharmaceutical Section, Sesearon Center 

for Industrial and Trade Development, 
Hiniatry of Economy 

Pharmaceutical 

 EÌS£Ì5  
Total Total 

M££ 
Soope of 

Manufacture 

Daroupakhah  lu768,000,000 Ik« 135,000,000  Injections li other phar- 
maceutical preparations 

Tolidaru 

Ool 

111,000,000 

Le petit 78,000,000 

Vira 35,000,000 

Baxter 33,233,000 

Maoke 13,000,000 

Myeine 10,000,000 

fmria 10,000,000 

Park 9(000,000 

3,000,000 

90,000,000 Injections (including 
repacking of antibio- 
tics), tablets, oint- 
ment s , liquids & cos- 
metics, etc« 

60,000,000  Tablets, injections, 
ointments, liquids, etoi 

11,000,000  Various pharm, prepara- 
tions excluding injec- 
tions« 

39,713,000  Injections 

6,000,000  Various pharm« prepara- 
tions exoluding injec- 
tions. 

11,000,000  Tablets, ointments and 
liquids, etc 

3,000,000  Various pharm« prepara- 
tions exoluding injec- 
tions. 

10,600,000  Various pharm« prepara- 
tions excluding injec- 
tions. 

3,230,000  Galenical preparations 

Total •u 1,070,233,000   391,7^3,000 
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Among domestic pharmaceutical planta, Daroupakhsh-, the 

biggest one, has its total assets of Rk. 768 million, the next, 

Tolidaru, Rk. 111 million. Vira and Baxter has its total ascots 

of Rk. 35 million and 33 million respectively. Macks, Mycine, and 

Faria has its total assets between Rk. 10-13 million.  Most labo- 

ratories have their total assets of less than Rk-, 10 million«. 

Ten major domestic plants had total assets of nearly Rk0 

1f0?0 million and total sales of Rk. 392 million in I965. We 

have noticed that the total sales of some plants as Tolidaru, 

Baxter, Hycine, Park, and Gol were considerably high but that 

of the majority were relatively low. 

At the present time, the domestic plants produce various 

items of pharmaceutical preparations but not for basic drugs«, 

The existing foreign plants (some with less than 30%  Iranian 

oapital) are all pharmaceutical processing plants. Those For- 

eign plants which will be erected in near future will also be 

the processing plants, and thoy are reluctant to go into the 

manufacture of basic drugs in Iran. 

From November, I966 to January, 1967» I» accompanied by 

Dr. Azarbaijani, Technical Expert of Ministry of Economy have 

•ade a pharmaceutical plant survey to nine representative 

plants and one institute in the district of Tehran. 

Several large plants affiliated with foreign firms are 

oapable of producing not only standard drug items but also an- 

tibiotics (repacking) and sterile preparations. Among those 

small-scale plants (laboratories), their products are not under- 

gone strict rules of quality control. Because of importance in 

•edicine and the potential danger to public health, the great- 

est precautions should be taken to control the quality, potency, 

sterility and therapeutic efficacy of domestic drugs. 
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During the recent years,  while the domestic pharmaceuti- 

cal induetry expanded in numbers of plants and potential output, 

no auch reduction in the cost of production or improvement in 

the  quality of drugs was attained.    Most physicians and the pub- 

lic still not trust to the domestic drugs.    That  is why the do- 

mestic drugs are not competitive with imported foreign drugs. 

To rectify this situation,  it advocates taking the following 
steps : 

1. To modernise existing manufacturing facilities and introduce 
the latest techniques; 

2» To convert small and medium sise enterprises of uneconomical 

site into more economical production; 

}• Temporary moratorium on the establishment of new saall-soale 

domestic plants and foreign pharmaceutical processing plants 
should be declared; 

k.    More large-scale domestic manufacture of pharmaceuticals es- 

pecially basic drugs should be encouraged under the Govern- 
ment protective policy; 

5*    Domestic manufactured drugs should meet required standard« 

of quality.    Strict quality control inspection of all phar- 

maceuticals plants should be established; 

6.    Importation of foreign proprietary drugs (pharmaceutical pre- 

parations) should be reduoed to a certain extent fro« now on 

year by year without depriving the medical profession of es- 
sential life-saving drugs; 
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7.    A modern drug control law should be enacted with provision 

for regulating the manufacture, distribution, and sale of 

drugs. 

It is noteworthy that certain packing materials are not 

available in Iran.    High quality glass ampuls,  vials (neutral, 

hard glass),   bottles,  gelatin capsules, plastic caps and seals, 

ars not being produced until present time.     Establishment    of 

these auxiliary plants is very helpful for the development  of 

pharmaceutical industry,  and may be carried out under the  co- 

operation of pharmaceutical plants. 

An academic institute,  Pasteur Institute, Teheran,  a 

branch of Pasteur Institute of Paris, provides a certain amounts 

of sera and vaccines for human uses.    Another academic institute, 

Rami Institute   (Institut Razi d'Etat dee Serums et Vaccins)  of 

the Ministry of Agriculture which was established thirty five 

years ago in Hessarak, North of Teheran,  also produces a certain 

amounts of sera and vaccines for human and veterinary uses.    For 

meeting the  increasing demands of biological products in this 

country, it will be wise that  the  Iranian Government give to 

Rasi Institute more financial supports for encouraging its  in- 

creasing production on those anti-infective  agents against hu- 

man and animal diseases.    The  importation of sera and vaccines 

amounted nearly li. 23 million in 1966 (cf.  Table 1).    It may be 

partly substituted by the domestic products. 

A central drug control laboratory has been established 

in 1966 under the auspices of Ministry of Health.    This labora- 

tory is not only responsible  for the control of medical supplies, 

but also for their standardisation.    The Director, has made an 

effort for carrying the responsibility.    In the laboratory,  they 
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ape working under great handicapa of lacking suitable working 

apace,  adequate equipment and sufficient technical personnel. 

Drug control laboratory work was significantly encouraged by 

the UN-WHO-aponaored program of Dr.,  H.  Sarbart*    Under    his 

guidance,   the drug assay works were carried out  more  effi- 

ciently at the beginning period of the  laboratory»     The cen- 

tral drug control laboratory should be reinforced for carry 

ing ita responsibility to examine and test different  batches 
of iaported and domestic drugs. 

As to the standards of pharmaceuticals« national phar- 

macopoeia is a collection of well-recognised basic  drugs and 

formulas with given standards,  methods of preparation,  test 

and asssy etc,, usually served as a guide book for drugs in 

medicine and pharmacy.    The National Iranian Pharmacopoeia 

Committee should be organized under the auspicea of Govern- 

ments in preparing and issuing the  first edition of Iranian 

Pharmacopoeia as soon as possible» 

In the medical profession,   there  is now a trend that 

most physicians prescribe proprietary drugs (nei   drugs or 

preparations of multiple-components bearing tra< e names)t 

Only a very low percentage of prescriptions are needed for 

compounding in the pharmacies.    The over use  of proprietary 

drugs resulted the higher costs of medicament chnrges to the 

patients.    In the infancy of domestic pharmaceutical industry, 

it is hard to expeot the domestic plants producing hundred of 

specialties.    The basic drugs and formulas in the national 

pharmacopoeia are "Official drugs".    The use of official drugs 

for prescription should be enoouraged. 
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The Iranian drug industry must  create new and expanding 

aarkets. A public relations program should be started to estab- 

lish confidence among the medical profession,  the pharmacist, 

and the  public in the  quality of domestic manufactured drugs» 

The pharmaceutical plants should spend more money on their 

selling affairs in introducing quality products to the medical 

profession*    In advertising and promotion,  new marketing me- 

thods with more selective method should be adopted. 

It is suggested that the Iranian Government provide a 

fund to establish a national pharmaceutical research institute, 

or otherwise to ask the collaboration of pharmacy colleges for 

carrying out the pharmaceutical research works.    The research 

project will cover:   (a) basic pharmaceutical research;   (b) do- 

mestic manufacturing of basic drugs;   (c) new drug research; 

and (d)  new pharmaceutical products development,   etc.    Domestic 

pharmaceutical plants should allocate a sum to search for new 

and improved drugs. 

There is a desire for first hand knowledge of drug con«* 

trol methods among the Government personnel working in the 

pharmaceutical administration areas.    For this reason,   I would 

recommend that the Ministry of Economy send the national counter- 

part of my programme  to the U.S.A.  by the United Nations fellow- 

ship grant for a period of one year to study at  first hand the 

regulatory operations including the pharmaceutical factory re- 

gistration and inspection system etc. 
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The total importation of pharmaceutical« in Iran 

reached ft. 3i598,956,000 (US| 47,987,080) in 1966. The 

domeatic pharnaceutical production amounted to Rials 

157,15^,000 in 1963, *. 207,675,000 in 1964 and Rials 

179,758,000 in 1965, ranging between 6.5 - 8.1JÉ againat 

the imported producta, 91.9 - 93«5* in 1963 through 1965. 

The procesaing capacity for pharmaceuticals is 

slightly short in Iran at the present. Domestic pharma- 

ceutical plants should be encouraged in producing more 

quality pharmaceuticals, and also bringing their produc- 

tion up to the full capacity. It is recommended that 

four or more larger scale pharmaceutical processing plants, 

with the capital cost of ft. 187,500,000 (US$ 2,500,000) 

for each plant may be planned to set up for meeting the 

full demands. If the total value of input of those sanc- 

tioned processing plants reach an amount of Ik.750,000,000 

(f 10,000,000), the total value of output is expected to 

be li. 750,000,000 - 900,000,000 (110,000,000 - 12,000,000). 
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CHAPTER III. 

FEASIBILITY STUDIES ON THE ESTABLISHMENT OF SOME 

BASIC DRUG PLANTS IN IRAN AND OTHER RCD COUNTRIES 

Iran, Pakistan and Turkey, the three RCD countries are 

in little different stages as regards development of the phar- 

maceutical industry. In all these countries, the pharmaceuti- 

cal industry started as a processing industry based on impor- 

ted bulk basic drugs. Some of basic drug manufacturing have 

been started in recent years. 

The extent to which manufacture of basic drugs from 

primary raw materials is being undertaken has also been depen- 

dent on the state of development of chemical industry in these 

countries. Where the chemical industry itself is in the back- 

ward state, it has well-nigh been difficult for the pharmaceu- 

tical industry to switch over to basic stages of manufacture. 

There are disadvantages as the lack of adequate demand, and 

also the higher costs of imported raw materials which make such 

manufacture less competitive to the imports. 

BASIC DRUG MANUFACTURING 

The pharmaceutical industry of basic drug manufacturing 

oaa be classified into five main groups: 

(1) Antibiotics and other products obtained by fermen- 

tation techniques; 

(2) Chemical synthetic drugsj 

(3) Drugs of vegetable origin; 

(k)    Drugs of animal origin; 

(5) Sera, vaccines and other biological products« 
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<1> Antibiotica and Other Products Obtained by Fermentation 

Techniques 

In modern therapy, antibiotics are widely employed a- 

gainst infectious diseases. Penicillin is the loading anti- 

biotic, streptomycin and dihydrostreptomycin take second place 

and the tetracyclines and chloramphenicol third place. Neomy- 

cin, bacitracin* polymyxin, erythromycin, fumigallin and tyro- 

thricin are produced on a much smaller scale.  The antibiotics 

comprise a new and very large segment of pharmaceutical indus- 

try.  It far exceed in economic value, any other single por- 

tion of pharmaceutical chemical industry. 

The first antibiotic to be produced on a large scale was 

penicillin.  Streptomycin, chloramphenicol and various tetra- 

cycline compounds are produced by another genus of micro-orga- 

nisms, several species of Streptomycos. But chloramphenicol is 

now produced chiefly by chemical synthetic method. 

The raw materials of the antibiotics industry consist of 

nutrient media required for fermentation. Important among these 

are sucrose, lactose, glucose, corn steep liquor, fat and oil, 

and some protein-rich substances, such as soya bean, cotton 

seed cake, and yeast, etc.  The other raw materials are chemi- 

cals, solvents required for the extraction and purification. 

The established starch, glucose, and sugar industry as well as 

units for the production of some necessary chemicals and sol- 

vents are therefore essential to supply the required materials. 

A start can be made, however, by importing the items which are 

not locally available in the RCD countries. The condition 

night be improved in reducing the cost of production until the 

raw materials required are mostly self-sufficient. 
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In Iran, the establishment of some plants of antibio- 

tics and other products by fermentation may be under consider« 

ation: 

Table 5 - Sanctioned Plants of Antibiotics and 

Other Products by Fermentation 

Sanctioned 
Plants 

Annual Productive 
capacity 

Estimated Total 
Assets  

Penicillin 
plant 

Penicillin G Potassium   ) 20 mil- 

Procaine-Penicillin 0     Ì lif" mega    USf 2.600*000 ) units or *       ' 
Banthazine  Penicillin 0) 15*000 kg. 

Tetracycline    Chlortetracycline 
plant Tetracycline 

) Í   10,000 kg*  US$ 1,200,000 

Streptomycin    Streptomycin 

Dihydroatreptomycin 

Vitamin B 12 

10,000 kg. USI 1,400,000 

8 kg. 

Yeast plant Yeast (medical yeast, 
yeast extract and vi- 
tamin B complex etc») 

5,0nr> tons USS 1^20^,000 

Total U8$ 6,-»00,000 

(2)    Synthetic Dru« 

To provide  the required experience and training in the 

manufacture of synthetic chemical drugs,  the establishment of 

production units starting initially from imported intermediates 

should be taken up.    Basic stages of synthetic drug manufacturing 

should be introduced subsequently,  after the necessary experience 

has been gained and domestic raw material supplies has been organised» 

a 
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Some plants of synthetic drugs may be considered to set up in 

Iran and other ROD countries.    Estimated total assets of these plants 
are shown in the  following table: 

Table 6 -    Estimated Total Assets of Some Pharmaceutical 
Plants of Synthetic Drugs.  Complete with Tech» 

nical Know-how 

Pharmaceutic 
eal plants 

 1 

Annual produc- 
tive capacity 

Estimated 
total assets 

3 

Suggested 
place for 
the plant 

Remarks 

—5  
Chloramphe- 
nicol plant 

Chloramphenicol 
and its esters 

6,000 kgt 

30,000 kg*' 

19,000 kg. 

US f 500,000 Iran 

Pakistan 

Turkey 

Sanctioned 
project 

P-Aminoaali- 
eylie aoid 
plant 

PA8 40,000 kg. 

180,000 kg. 

PAS/INAH, 
25,000 kg. 

U8 | 300,000 

US t 850,000 

Iaoniasid Iaoniasid (INAH)    US I 250,000 
Plant 30,000 kg. 

PAS/INAH,  25,000 

8ulfa drugs 
plant 

Sulfa drugs, 
various 

200,000 kg. 

US t 950,000 

Ascorbic 
acid plant 

Ascorbic acid 
(Vit. C) 

70,000 kg. 

US t 600,000 

Iran 

Any one RCD 
country 

Pakistan Sanctioned 
project 

Any one RCD 
country 

Pakistan Sanctioned 
project 

Iran or any 
one RJD 
country 

Iran or any 
one RCD 
country 
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Caloiferol      Calciferol (Vit.Dg) 
plant 100 k«» 

Phenacetin     Phenacetin, 
plant 50,000 kg. 

8,000 kg. 

Aainopyrin     Aminopyrin 
plant 25,000 kgé 

*•*• 

Barbital Barbitals, 
plant 15»000 kg. 

Meprobamate    Meprobamate, 
plant 29,000 kg. 

Acetyleali- 
cylic acid 
plant 

US I §0,000 

US t 21*0,000 

Iran or 
other ROD 
oountry 

Any one 
ROD Country 

Pakistan Sanctioned 
project 

US I 180,000 Iran or 
any one 
ROD oountry 

US f 200,000  Any one 
RCD country 

Aeetylealicylie 
acid,25O,000 kg.) 
Salicylates, ) 

150,000 kg.) 

Aeetyleali- 
cylie acid 120,000 kg. 

2itO,000 kg. 

US f 250,000 

ti 

Procaine 
plant 

Procaine HCL 10,000 kg« 
(Penicillin/procaine 
plant) 

50,000 kg. US I «»10,000 

Pakistan       Sanctioned 
project 

Any one 
RCD 
country 

Pakistan 

Turkey 

Sanctioned 
project 

Iran 

Any one 
RCD country 

a 
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Piperasine 
plant 

Piperazine Salts, 
12,000 kg. 

10,000 kg. 

Vitamin B-j2 
plant 

Vitamin B<|2 8 kg. 
(Streptomycin/Vitamin B<|2 
plant) 

k kg!» 

10 kg. 

Pakistan 

Turkey 

Iran 

Pakistan 

Turkey 

• Actual basic drug production in Pakistan,   1965 

Chloramphenicol and its esters,  11,000 kg. 

Vitamin B-|2, 7.7 kg. 

Sanctioned 
project 

Sanctioned 
project 

For manufacturing of basic drugs in bulk, one has to 

take into consideration a suitable economic size of produc- 

tion. In any RCD country, the demand may not be sufficient 

to maintain an economic unit. For instance, the demand of 

acetylsalicylic acid (aspirin) in Iran is estimated to be 

80,000 kg. per year. Considering the present circumstances 

of the world market, the establishment of a plant with the 

production capacity of 80,000 kg. per year is not economi- 

cal, because the countervalue of manufacturing machinery is 

too high as compared to the production value. Same in the 

case of Sulfa drugs, as an estimate of Sulfa drugs consump- 

tion is 50,000 kg. in Iran, it is not economical to estab- 

lish^ a plant with a production capacity of less than 200,000 
kg. per year. 5 
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For the manufacture of synthetic organic chemical drugs, 

moet raw materials required are not available in Iran or other 

RCD countries at the present time.  The coal-tar industry in 

Iran will start to produce benzene, xylene, and phenol, etc. 

by 1970. In the gap of this period, by using higher priced 

imported raw materials or intermediates in the manufacturing, 

the cost of production of finished drugs are sometimes higher 

than the world price that makes the domestic pharmaceutical 

industry difficult to oompete with the imports« There is only 

fairly protection which would permit the joint venture manu- 

facture of basic drugs in the RCD countries.  Exemption or 

cutting down of customs tariff on those imports of pharmaceu- 

ticals and raw materials from other RCD countries should be 

undertaken into consideration. 

(3) Drugs of Vegetable Origin 

The pharmaceutical plants or factories processing basic 

drugs of vegetable origin oan be manifold, depending on the 

medicinal plants grown in the respective country.  In such 

factories, processing is generally based on extraction, the 

active substances are extracted from the medicinal plants. 

In Iran, there are massive production of vegetable drugs, such 

as glycyrrhiza (licorice), asafoteda, and gum tragacanth, etc. 

These drugs are partly provided for domestic consumption, and 

it has also a surplus amount for the exportation. 
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Tabi« 7 - Suantity and Value of Exporta of Ve«.tabi« 

Druaa. Iran 

1966 

Items 

Licorice root 
(glycyrrhiaa) 

QUID tragacanth,  ribon 
and other grade 

Aaafetida,  bitter 
and aweet 

Other plants,  for 
soent-making and 
aedioal purposes 

Quantity 

17,685,657 kg. 

2,902,750 kg. 

112,919 kg. 

3^8,116 kg. 

Total 21tO*»9,W2 kg. 

Value 

ft.    92,578,781» 

319,701,8M* 

7,250,'•OO 

6,159,778 

*»25,690,816 
(• 5,675,877) 

Iranian gum tragaeanth which has earned a high reputa- 

tion in the world market,  is the top item of vegetable drugs 

for exportation.    All licorice roots are exported in the  form 

of crude drug at a price of about Ik. 5.2 per kg.     It is recom- 

mended that the licorice roots are better to be processed into 

the extract or fluidextract of licorice.    It will be much more 

profitable   from the higher costs of those licorice products. 

In Pakistan,  Santonin,   ephedrine,  and rauwolfia alka- 

loids are extracted from the  crude drugs.    Some narcotic  drugs, 

such as morphine hydrochloride,  codeine phosphate etc. are the 

important analgesics and sedatives used in the therapy.     It ia 

recommended that the manufacture of morphine,  codein, and other 

opium alkaloids might be undertaken in Turkey,  by extracting 

and processing these drugs  from the Turkish opium. 
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CO Drugs of Animal Origin 

Most importants are those processing various animal or- 

gans by extracting the active substances of healing effect* 

These are, pepsin, pancreatin, insulin, thyroid, peptone, he- 

parin, liver extract, and adrenal cortical extract etc. Basic 

materials of such manufactures are animal organs available for 

the plants as by-products of slaughter-houses. No such plants 

oan be established until the large-scale slaughter-houses are 

available for collecting and storing of those animal organs 

without any risk of deterioration and contamination» 

(5) Sera. Vaccines and Other Biological Products 

Many infectious diseases in men and animals are pre- 

vented, treated or cured by sera, vaccines and other biologi- 

cal (microbiological) products.  In Iran, there are two insti- 

tutes producing those biological products for human and vete- 

rinary uses under the restrictive control of manufacturing. 

These products are including antidiphteric serum, antitetanic 

serum, antianthrax serum, antirabies serum, antisnake-bite 

aerum, as well as diphtérie and tetanic toxoids, various vac- 

cines and diagnostic antigens, etc. 

For meeting the increasing demand in Iran, and also for 

the demands of other RCD countries, the expansion project of 

biological products manufacturing for the existing institutes 

in Iran may be undertaken into consideration. Otherwise, the 

new sera and vaccines plant may be set up in producing more 

biological products for human and veterinary uses. 
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According to the ouatons figures, a big ite« of im- 

ports under pharmaceuticals is baby food, chiefly «ilk pow- 

ders. The imports amounted to Ria. 263,887,000 in I966. It 

is suggested that the manufacture of baby food in Iran from 

locally-produced milk and other accessories may be started 

at an early date. 

Sanctioned 
plants 

Sera & vac- 
cines plant 

£aby food 
and milk 
powder plant 

Tab¿e_8 - Sanctioned Plants of Biological Produca 

Annual produce 
tive capacity 

Various sera and 
vaccines 

Baby food (milk 
powder enriched 
with sugar, vi- 
tamins and mine- 
rals) 

Milk powder 

5,000 
tons 

Annual 
outputs 

Total 
assets 

USI      ifOO,000    USI      300,000 

usi 3,800,000 USI 3,000,000 

Total usi 3,300,000 

1» MANUFACTURE OT  PENICILLIN AND PROCAINE 

In modern therapy, the most important group of antibiotics 

is the penicillins. The annual consumption of penicillins is 

estimated to be 20 million mega units (MMU) or 15,000 kg. in 

Iran, and about 50 MMU in the three RCD countries. According 

to the adequate demand of penicillins in Iran, it is suggested 

to sot up a plant with an annual production capacity of about 
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20 MKU or 15,000 kg. of penicillins, in addition with 10,000 

kg« of procaine hydrochloride, of which 2,650 kg. are used 

for manufacturing procaine-penicillin and the rest, 7|350 kg. 

are provided in the form of powders and injections. Procaine 

is one of the least toxic and most widely employed of the lo- 

cal anesthetics. It is therefore worth to have a penicillin/ 

procaine combined plant for meeting the demands of both peni- 

cillin and procaine. 

The penicillin/procaine plant should consist of: (a) a 

biosynthesis department for manufacturing penicillin by fer- 

mentation; (b) a synthetic department for manufacturing pro- 

caine hydrochloride, procaine-penicillin G and benzanthine 

penicillin G and (c) a pharmaceutical processing department 

for manufacturing various pharmaceutical preparations such as 

tablets, capsules and injections of penicillins and of proca- 

ine. 

The total assets (capital expenditure) of the sanc- 

tioned penicillin/procaine plant is estimated to be Rials 

193«000,000 (US %  2,600,000).  It might not be possible for 

local private entrepreneurs to take up such project, and the 

setting up of this plant under government management and fi- 

nanced by the government should be considered* 

Since the production of penicillin is carried out on 

the world today in a tremendous large scale that makes the 

cost of production considerable low, A production capacity 

of 15,000 kg. of penicillins in the sanctioned plant is still 

not an economical production, and most of the raw materials 

required for the manufacture are not available in Iran today« 

thus, the resulting cost of production of penicillin might be 
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little higher than the world price.    In the aanotioned plant, 

the cost  of production of 1  million units vial of penicillin 

G potassium is estimated to be Rls.  4.0  (t 0.05*0 and of 

400,000 U.  vial is Rls.  1.8   (I 0.024).    The  lowest selling 

price of imported 1 million units vial of penicillin G potas- 

sium is Rls.  6.5 (Í 0.086) and of 400,000 U vial is Rls.  2.5 

(I 0,033).    The  dumping prices of imported penicillin products 

are so low that make the local industry rather difficult  to 

compete*     The protective policy of restricting imports to  the 

amount required to supplement local production or of increas- 

ing the  customs tariff should be applied on those imported pe- 

nicillin  preparations. 

The annual total sales of penicillins and procaine  are 

estimated to be  Rls. 211,4O7,06o  (US $ 2,8l8,760)  (Table  9-**). 

The value  of yearly output   (total sales)  will be greater  than 

that of input   (total assets).    A gross profit  is estimated to 

be RIß.  59,220,710 (t 789,605) per year.     If we count 20 % of 

total sales as  the net profit,   it  will have an amount of Rials 

1+2,281,400  (I  563,752) of net profit per year  (Table 9-4).   It 

will yield a pay-out for the plant  in 3 years and 5 months 

(Table 9-5). 

Procedure  of Penicillin Production 

The name "penicillin" now designates a number of anti- 

biotic substancos produced by the  growth of Penicillin chryso- 

genum or produced by other means.    Many penicillins, natural 

and semisynthetic, are now known.    Penicillin of commerce  is 

largely pure  crystalline penicillin G,  known as Benzylpenicil- 

lin,    It  occurs in fermentation liquors together with variable 

amounts of others, and is separated from the  other penicillins 



- 26 - 

A 

during purification.    Commercial practice suppresses to a cer- 

tain extent the  natural tendency of the  mold to form penicil- 

lins other than  the desired G form by adding a precursor  of Q( 

namely phenylacetic acid or phenylacetamide to  the culture  med- 

ium during the   fermentation.    Dozens of semi-synthetic penicil- 

lins have been  prepared by reacting penicillin with some  cheml- 

oal agents.    Among them,  the  procaine-penicillin G,  and benza- 

thine penicillin G (N,N'-dibenzylethylenediamine dipenicillin G) 

are the more  important penicillins introduced into the  therapy. 

When a  good strain of penicillin  chrysogenum is bred by 

fermentation in a nutrient medium,  penicillin is originating. 

The selected strain bred continuously,   are added to the well 

prepared and sterilized medium.     Here,   the molds are propagated 

in a large  quantity suitable  for large   industrial production. 

When the propagation of the  mold has reached the suitable  level 

in the inoculum and the laboratory test  proved them apt  for pro- 

duction,  the mixture  is introduced under  sterile conditions  to 

the medium,  prepared in the   fermentors.     The  fermentors are 

fitted with a  special stirrer and aerating installations.     The 

Sterile air needed for the   fermentation  is provided by a  com- 

pressor. 

During the fermentation process,   various penicillins are 

originating.     By adding a precursor,  phenylacetic acid to the 

culture medium,   mainly the most active  benylpenicillin  (penicil- 

lin G) can be  produced.    Maximum penicillin potency is  obtained 

in approximately 50-6O hours at 23-25°C.     The proceeding of the 

fermentation is  controlled by taking samples.    After  finishing 

the process,   the  fermented liquid is cooled to 5    and the myce- 

lia are  filtered off by passing the rotary drum filter.  The pe- 

nicillin is extracted in acid medium from the   filtered liquid 
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by butyl acetate.     The solvent phase  containing penicillin  is 

separated,  then N-ethylpiperidine is added to the butyl ace- 

tate solution,   the  penicillin G-ethylpiperidine complex is 

precipitating in  crystalline form.     This  product is filtered, 

«ashed and dried.     The crude complex is  dissolved in water, 

then the extraction by butyl acetate  has  to be repeated.  When 

precipitating again by N-ethylpiperidine,   a finer product  is 
obtained. 

For the preparation of penicillin G potassium,   it  is 

precipitated by addition of saturated a  ueous solution of po- 

tassium carbonate  to the butyl acetate  solution.    The semi- 

crude product is   filtered, washed by acetone,   ethyl alcohol 

and dried.    The  product is again dissolved in water,   filtered 

and then precipitated by addition of warm acetone.    After 

cooling,  the crystals are filtered,   washed by acetone and 

finally dried at   120°C.    The pure penicillin G potassium is 
thus obtained. 

Preparation  of procaine-penicillin G and benzathino- 

penicillin G -    The  semi-crude penicillin-N-ethylpiperidine 

complex is dissolved in water and filtered.    To the  filtrate 

of penioillin solution,  an a ueous  solution of procaine hydro- 

chloride  is added.     The precipitated procaine-penicillin G is 

filtered,  washed and dried in vacuum.     This manipulation should 

be made under strictly aseptic conditions.     For the preparation 

of benzathine-penicillin Q, the process  is  quite the same  as 

described for the  procaine-penicillin,   except that dibenzyl- 

ethylenediamine   is  added to instead  of procaine hydrochloride. 

The sterile  products are filled in vials or capsules  or 

finished as tablets  in the pharmaceutical processing department 

of the plant.    The packing should also be performed under 
strictly aseptic  conditions. 
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In the penicillin plant, a pilot plant is necessary for 

the plant  evaluation study prior to every batch of fermenta- 

tion,     Adequate laboratory facilities  should be installed  for 

the quality control tests of antibiotics,   and also for the re- 

search studies on  the screening tests  of new antibiotics  from 
various soil samples colledted in Iran. 

Procédure of procaine production 

The  p-nitrotoluene is oxidized by sodium dichromate to 

p-nitrobeneoic acid.    The product is washed and dried. Dissolve 

p-nitrobenzoic acid in xylene,  and then react with diethylamino- 

ethanol in presence  of dilute hydrochloric acid.    The acid phase 

is separated,   filtered and then a little ammonia is added.  The 

acid solution is reduced by iron powder.    The reduction mixture 

is filtered,   acidified and filtered again.     The procaine  base is 

precipitated by adding ammonium hydroxide,   filtered, washed,  and 

dried in vacuum.    Dissolve the base in alcohol, acidified with 

hydrochloric acid,   decolorized and concentrated,  the procaine 

hydrochloride is finally obtained by crystallization. 

Table 9-1a     -    Raw Materials Required for the Manufacture  of 

Penicillin 

* Sucrose 

Lactose 

Corn steep liquor (solida) 

Sunflower oil 

Whey powder 

Phenylacetic acid 

* Calcium carbonate 

* Sodium hydroxide 
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Butyl acetate 

* Sulfuric »cid 

K-ethylpiporldine 

* Ammonium hydroxide 

Aceton« 

Sodium sulfate 

"Duopon 30" 

Trisodium phosphate 

* Alcohol,  absolute 

Potassium carbonate 

* Acetic acid 

Procaine hydrochloride 

Dibensylethy lene diamine 

"Tween 8o" 

Materials marked with asterisk (•) are available 

in Irani the rest should be imported from other 
countries. 

Mmf Mfr    -    *•« Materials Required for the Manufacture of 

Prooaine Hydrochloride 

p-Nitrotoluene 

Sodium diohromate 

Xylene 

Diethylaainoethanol 

* Hydrochloric acid 

* Ammonium hydroxide 

Iron powder (for reduction) 

Active Charcoal 

* Ethyl alcohol 

Motet  Materials marked with asterisk (•) are available la 

Iran; the rest should be imported from other countries. 
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*fiMtf H    -    Tot«! Awti for Penicillin and Procain« Plant 

Annual production: 

(1)    Penicillin and ita derivatives, 20 Billion nega units 
(MMU)j   or 15,000 kg. 

(2)   Procain« hydrochloride,  10,000 kg. 

Land (20,000 K2) ft.      if,050,000 

Buildings (75,000M
2
) 

Machinerie« li equipment* 
complete with technical 
know-how 

Irection and «tart-up 

Services 

Working ospitai a other« 

18,750,000 

105,000,000 

12,000,000 

11,250,000 

^3t950,000 

Total   ft. 195,000,000 

Machinerie« a equipment for 
penicillin manufacturing:     ft.    91,875,000 

Machineries * équipaient for 
procaine manufacturing: 5,250,000 

Machineries a equipaent for 
pharmaceutical processing unit:    ¿»,500,000 

Equipaent and facilities for 
control laboratories and 
research laboratories: 3t375,000 

U8$ 54,000) 

I 250,000) 

t 1,400,000) 

I 160,000) 

I 150,000) 

t      586,000) 

USI 2,600,000) 

I 1,225,000) 

I 70,000) 

f        60,000) 

t        *>5,000) 
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Tabi« 9-3a    -    Coït of Production  for Penicillin Q Potassiua 

Per 1000 Million units (approx.62? Gm.) 

Paw aaterials 

Utilities   (electricity,   fuel, 
and water, etc«) 

Machinery depreciation and 
maintenance 

Labor,   direct and indirect 

Taxes and insurance 

Overhead It niece liane ous 

».     810   (usi 10.8) 

^50    (    S   6.0) 

690 ( S 9.2) 

285 ( f 3.8) 

IK» ( t 2.0) 

**80 ( $ 6.if> 

». 2,865    (U88 38.2) 

Cost of production for penicillin preparations: 

Penioillin 0 Potassium Injection  (1 Billion U/vial) :*.4.0/vial 

Penicillin G Potassium Injection  (500,000 U/vial):    Rfc.2.6/vial 

Penicillin G Potassium Injection  (400,000 U/vial) î    Rk.1,8/vial 

Penicillin G Potassium Tableta   (250,000 U/tab.): ».1.0/tab. 

Table 9-3b    -    Cost of Production  for Procaine-Penicillin G 

Per 1000 M.Ü.   (approx. 990 Qm) 

Raw Materials (penicillin 
procaine and others) 

Labor and Overhead, etc« 

». 3t150    ($ 42.0) 

450    (I    6.0) 

li. 3|600    (I V8.0) 

Cost of production for procain«-penicillin Q preparations: 

Procaine-penicillin G Injection (300,000 U/nl.,1 Oral /rial: 
*•  12    /vial# 
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**Hf Mt   -   Coit of Production for Beaaathins-Peaicillin Q 

Per  1000 MU (approx. 825 0«,) 

Raw sateriala  (penicillin, lht 3,975 
dibenayle thy lene diamine,   it others) 

Labor and overhead,  eto. 425 

Nu 4,<f00 (I 58.66) 

Coat of production for  Bensathine-Penicillin 0 Preparations! 

Bensathine-penicillin 0 Injection (500,000 U/ml.,10 ml/vial)i 
Ik. 15/vial 

Bensathine-penicillin tablets  (200,000 U): 1.05/tab. 

Table 9-3d   -   Coat of Production for Prooaine Hydrochloride 

lb.      M2.5 (• 5.50) 

150.0 (t 2.00) 

90.0 (t 1.20) 

105.0 (• 1.4o) 

60.0 ($ o.8o) 

202.5 (I 2.70) 

». 1,020.0 ($13.6o)Ag. 

Cc*t of production for prooaine HCL injections,  (2*, 2 al.25'S box)» 

ft. 25Aox 

Raw materials 

utilities (electricity,  fuel, 
and water, etc. ) 

Machinery depreciation & aaintenance 

Labor, direct and indirect 

Taxes and insurance 

Overhead & Miscellaneous 
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Tabi« 9-4 - Estimated Profit from Penicillin and Procaine Plant 

Annual production: 

(I) Penicillins, total amount, 19-756,000 million units(15,000 kg.) 

Penicillin G Potaasium (1595 U/mg) 11.000 MMU      6,896 kg. 

Procaine-Penicillin a (1009 U/mg)  5,280 MMU      5,234 kg. 

Ben«athine-Penicillin (1211 U/mg)  3.476 MMU      2,870 kg. 

19.756 MMU 15,000 kg. 

(a) 4.939 MMU (3,750 kg.) penicillina are supplied aa basic 
drug to other domestic pharmaceutical plants for their 
processing; 

(b) 14.817 MMU (11,250 kg.) penicillins are processed in 
forms of tablets, capsules, and injections, etc. 

(II) Procaine Hydrochloride: 10,000 kg. 

(a) 2,650 kg. are supplied for manufacturing procaine- 
penicillin G in the plant 

<*>) 7,350 kg. are provided in foras of powders, and 
injections, etc. 

Total Sales (1) 

(la) Penicillin G Potassium, 2.750 MMU (1,724 kg.) x ft.3,375,OO0 
(145,000) « ft. 9,281,250 (t 123,750) 

Procaine-Penicillin G, I.320 MMU (1,308.5kg.)x ft.4,200,000 
(•56,000) = ft. 5,544,000 (| 73,920) 

Bensathine-Penicillin, O.869 MMU (717.5 kg.) x ft.5,49O.0O0 
(73,200) = ft. 4,770,810 (  63,610) 
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(Ib) Penicillin 0 Potassium Tab., 
16,500,000 pos. (250,000 ü) x ».1.35 • ».22,275,000 (1297,000) 

Penicillin G Potassium Injection, 
4,125,000 vials (1,000,OOOU)x ».5.4 »   ».22,275.000 (1297,000) 

Procains-Penicillin Q Inj«ction, 
1,320,000 vials 

(3|000,000 U/10 nl.vial) x ».16 - ».21,120,000 (|281,600) 

Benzathine-Penicillin Q Injection, 
660.000 vials 

(3,000,000 ü/10 «l.vial) x »*20 « ».13*200,000 (1176,000) 

Bensathine-Penicillin Q Tab., 
3,135»000 pee.(200,000 U) x ». 1.6    •   ». 5,016,000 (• 66*880) 

Total (la,  Ib)      ». 103,W2,060(11,379,760) 

(IIa) Procains Hydrochloride, 2,650 kg. 
(usad for manufacturing procaine - 
penicillin in the penicillin plant) 

x ».1,275 •   ». 3,378,750 (I 45,050) 

Procaine Hydrochloride,  4,350 kg. 
(supplied to local manufacturers for 
thsir processing) x ».1,275 «   ». 5,546,250 (f 73,950) 

(IIb) Procains HCL Injection,  3,000,000 boxes 
x ». 33      - ». 99,000,000 (11,320,000) 

Total (IIa, IIb)      ».107,925,000 (51,439,000) 

Grand totaKla,b, IIa,b)   ».211,407,060 (|2,8l8,760) 
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(2) Costa of Production        s 

(I«)    Penicillin 0 Potaesiua, 2.750 MITO X 
».2,865,000 . 1.    7,878,750 (•    105,050) 

Procaine-Penicillin,  1.320 MMU x 
li.3,600,000 « ».    4,752,000 (|      63,360) 

Benzathine-Penicillin, 0.869 MMU x 
ib.k,400,000 * ».   3,823,600 (I    50,985) 

(lb)    Penicillin Tab., 16,500,000 pos. x 
ft. 1.0 « ».  16,500,000 (•    220,000) 

Penicillin G Potaaaiua Injection, 
k, 125,000 viala x ». k.O « ».  16,500,000 (•    220,000) 

Procaine-Penicillin Injection, 
1,320,000 viale x ft.  12    » ».  15,840,000 (t    211,200) 

Bensa thine-penioillin Injection, 
660,000 rials x ft.  15    - ».        990,000 (•      13,200) 

Bensathine-Penioillin Tab., 
3,135,000 pea. x ft.  1.2 «   ».    3,762,000 (t      50,160) 

Total (I*, Ib)   ». 70,0^6,350 (•    933,955) 

(IIa)   Procaine HCL, 7.000 (2,650 kg. 
end 4,350 kg.) x ft.1,020 . ft.      7,140,000 (I      95,200) 

(lib)    Procaine HCL Injeetion, 
3,000,000 boxes x ft. 25    « ».    75,000,000 ($1,000,000) 

Total  (II«,   lib) ».    82,140,000 (11,095,200) 

Grand total (Ia,bt   Ila,b) ». 152,186,350 (12,029,155) 

letimattd yearly gross profit(3)t ft.    59,220,710 (•    789,605) 

latinated yearly net profitât ft*    42,281,400 (t    563,752) 
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Not« t 

(1) (I) Penicillin G Potassium 

Selling price of penicillin 0 Potassium in bulk:*.3,375/1000 
KU 

Estimated market price of penicillin tab.:     li. 1,8 

Wholesale price (75# of market price):      li. 1,35 

Estimated market price of Penicillin 0 
Potassium Injection: ft. 7,2 

Wholesale price (7556 of market price):      Mi. 5,If 

Procaine-penicillin 

Selling price of procaine-penicillin in bulk:  ft. 4,200/1000 
MU 

ft. 21/vial 

ft. 16/vial 

Estimated market price of procaine- 
penicillin Injection: 

Wholesale price (75# of market prioe): 

Bensathine-penicillin 

Selling price of Bensathine-penicillin in bulk : ft. 5, k 90/1000 
MU 

Estimated market price of Bensathine- 
penicillin Injection: 

Wholesale price (75# of market price): 

Estimated market price of Bensathine- 
penicillin tables: 

Wholesale price (75# of market price): 

ft, 26/vial 

ft, 20/yial 

ft.2.1/tab. 

»,1.6/tab. 

(II)    Procaine Hydrochloride 

Selling price of Procaine HCL in bulk: ft. 1,275 (t17.0)kg. 

Estimated market price of Procaine HCL Inj.:    ft.M*Aox 

Wholesale price  (75* of market price): ft.33/box 
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(2) Coats of Production 

Cf. Tablea 9-3a, 9-3*» 9-3o and 9-3d. 

(3) Intimated yearly gross profit s total aalea - total coats of 
production 

(k)    Estimated net profit  * 20$ of total aalea« 

Table 9-5 - Pay-out Tine for Penicillin and Procaine Plant 

Eetimated net profit per year    ft, Jt2,28l,400    (< 563,752) 

Depreciation per year 1**, 532,000    (I 193,760) 

». 56,813,^00    ($ 757,512) 

Pay-out tine for  the plant: 3 years and 5 monthe, 

(Total assets/net profit and 
depreciation:  S 2,600,000/$ 757,512) 

2,    MANUFACTURE OF TETRACYCLINE AND CHLORTETRACYCLINE 

The tetracycline antibiotics including Chlortetracycline, 

Oxytetracycline and tetracycline are  few antibiotics which are suit» 

able  for amali acale manufacture«    They are "broad-apectrua" anti- 

biotica and are uaed in therapy in a considerable amount.    Chlortet- 

racycline,  which was firstly introduced in the therapy under the 

trade name of "Aureomycin" and exytetracycline under the trade name 

of "Terramycin" are but two of a group of antibiotics bioayntheaissed 

by very closely related species of Streptomycea«    Tetracycline ia 

produced through catalytic reduction and dehalogenation of Chlortet- 

racycline, and may also be obtained directly by the submerged culture 

of Streptomycea viridifaoiena.    Tetracycline antibiotica are  contri- 
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buted in the  dosage foras of gelatin capsules and injections» 

They are widely used as the  "broad-spectrum" antibiotics  for 

huaan infectious diseases.    They are also contributing substan- 

tially to the  security and the  success of the present-day agri- 

culturists through their therapeutic properties to animal dis- 

eases,  and also through their activity as growth stimulants for 

animals.    F0r veterinary uses pure crystalline antibiotics are 

required,   but  for growth-stimulating supplements in animal 

feeding (antibiotic-supplemented diet),  rigid standards are not 

required,   and in fact,   crude extract  or even the  dried microbial 

masses from fermentation liquids used for industrial production 

of tetracyclines may be  preferred.    Thus,   the production of tet- 

racyclines  for veterinary uses,  and of antibiotic-supplemented 

feeding may contribute to lower the production cost of tetracy- 
cline. 

The annual consumption of tetracycline antibiotics is es- 

timated to be  10,000 kg.  in  Iran,  and 25,000-30,000 kg.  in the 

three BCD countries.    The manufacture  scale of 10,000 kg.  fits 

well for an economical production.    According to the adequate 

demand of these antibiotics,   it is worth to set up a plant with 

an annual production capacity of 10,000-15,000 kg.  of tetracy- 

cline and Chlortetracycline in Iran.    The total assets   (capital 

expenditure)  of the sanctioned plant will be fe. 90,000,000 (US 

t 1,200,000)   (Table 10-2).    The tetracycline plant should con- 

sist of (a)  a biosynthetic department  for manufacturing antibio- 

tics,  tetracycline hydrochloride and Chlortetracycline hydro- 

chloride,  and  (b) a pharmaceutical processing department for 

manufacturing various pharmaceutical preparations,  such as T/C 

capsules,  injections and ointments,  etc.    The sanctioned plant 
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«ill have a space area of 16,800 square meters, and 6,000 

square meters of buildings. 

In the tetracycline plant, a pilot plant is necessary 

for the plant evaluation study prior to every batch of fermen- 

tation« Adequate laboratory facilities should be installed 

for the quality control tests of antibiotics and also at the 

same time, for the research studies (screening tests) on new 

antibiotics* 

The annual production capacity of the plant is estimated 

to be 10,000 kg. of tetracycline HCL and Chlortetracycline HCL, 

of which 3,000 kg. of sterile antibiotic powder might be sold 

to other domestic pharmaceutical plants for their processing, 

and 7,000 kg. of antibiotics might bo supplied in the forms of 

capsules and injections. The full working capacity of the plant 

could be risen up to 50$ more than the usual productivity and 

it would lead to a production of 15,000 kg« of the antibiotics 

per year. The yearly total sales are estimated to be Rials 

95|82O,0OO (US $ 1,277,600) (Table 10-4).  The value of yearly 

output will be approximately the same to the value of input. 

The cost production of tetracyclines is estimated to be Rials 

3,150 (US I 42,00) per kg., which is not high and competitive 

with the world price. A gross profit is estimated to be Rls, 

48,850,000 7ü5T £51,330) per year.  If we count 20$ of total 

sales as the net profit, an amount of Rls. 19,164,000 (US $ 

255i520) of net profit per year may be expected from this pro- 

ject. It will yield a pay-out for the plant in 3 years and 2 

months (Table 10-5). 

Procedure of tetracyclines production 

Good mutant strains of Streptomyces aureofaciens should 
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bo soleeted for industrial biosynthesis of Chlortetracyclin« by 

its superior yields in submerged fermentation•    Oxytetracycline, 

biosonthesised by Streptomyces virusus,   is also produced indus- 

trially by submerged  cultures«    Procedures for extracting Chlor- 

tetracycline  fron the  harvested oulture  liquid are  developed 

around the differential solubilities of the free bases and their 

salts in differential  solvents and their partition coefficients 

between aqueous and organic solvent phases at different pH values« 

Chlortetracycline, which occurs in the  fermented liquid in the 

form of lightly soluble  complexes,   is liberated by acidifioation 

to a pH lower than kt   then extracted by organic solvent in the 

presence  of a surface  active agent that act as carrier*    The ex- 

tract is then concentrated under pressure•    To the concentrate 

is added hydrochlorio acid resulting in the immediate precipita- 

tion of Chlortetracycline hydrochloride in amorphous form«    The 

orude  Chlortetracycline  is separated by filtraction and slurried 

with cellosolve (2 ethoxyethanol).    The amorphous product then 

crystallises, yielding purified chlotetracycline hydrochloride. 

Table 10-1    -   Raw Materials Required for the Manufacture of 

Chlortetracycline/Tetracycline 

• Sueroso 

Corn steep liquor 

• Cottonseed meal 

• Starch 

Ammonium chloride 

Ammonium sulfate 

• Calcium carbonate 

Manganese Sulfate 

• Lard oil 

Methylisobutylketone  (MIBK) 
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Diatoaaeeous earth 

"Arquar* 16-33" (quaternary aaaonlus compound) 
Oxalio acid 

* Caustic «oda 

* Aaaonia water 

* Sulfuric acid 

* Hydrochloric aeid 

Cellosolvo  (2-ethoxyeth*Aol) 
Butyl alcohol 

Triothylaaine 

Palladium catalyst (for catalytic reduetion) 

Hydrogen gas  (for catalytic reduction),  etc. 

Motet    Raw Materials «arked with asterisk (•)  are available 

in Iran;  the rest should be imported fro« other 
countries. 

Table 10-2 - Total Assets for Tetracycline and Chlor- 

tetracycline Plant 

Annual production capacity: 10,000 kg. tetra- 
cycline and Chlortetracycline 

Land (16,850 *2) ft.    2,275,000 (I 1*5,000) 

Buildings  (6,000 M2) 15,000,000 ($ 200,000) 

Maohinerios It équipaient 1*5,000,000 ($ 600,000) 

Breotion an« Start-up 7,500,000 (S 100,000) 

••rvieea 3,375,000 (| l»5,000) 

forking capital « others 15,750,000 (I 210,000) 

Total      ft.  90,000,000     (11,200,000) 
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Mat  19*ît    -   Co«t of Production for Tatr«e»clln«/fllilor. 
pai 

tew aatariala ».     945,0 (f 12.60) 

Otilitiaa («atar, alaotricity, 
fual, tto.) 315.0 (I   4.20) 

Haohinory depreciation and 
•«.intanano« 900,0 (I 12,00) 

Labor, direct and indir«ct 315.0 ($    4.20) 

Taxaa and inaurane« 187,5 (I   2,50) 

Ororhaad t aia c* liane ou* 487.5 (I   6,50) 

Total ft. 3,150,0      (I 42.00) 
par kg. 

füllt 19^11    -   Coat of Production for 100 Tatracylina/ohlor- 
tttracyolina oapeulea (250 mm.) 

Tatracycllna/chlortatracycline HCL       ft,    84 

Packing ehargaa 35 

Ovorhaad 25 

Total ft. 134 (ft. 1.34 par aap») 
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Tabls 10-4 -  latitatsd Profit fro« Tatraeyoline Plant 

Annual produotion: Total amounte of tetraeycline/ehlortetra- 
cyclino HCL, 10,000 kg. 

(I) 3,000 kg. tetracycline/chlortotracyclino 
HCL are sold to other domestic pharaaceu« 
tic planta for their processing. 

(II) 7|000 kg. tetracycline/chlortetracycline 
are processed in form of 28,000,000 cap- 
sules (25O mg.); 

Total Salsa: 

(I) 3,000 kg. T/C x ft.3,940 
(•52.5*0(1) « ft. 11,820,000 (• 157,600) 

(II) 28,000,000 T/C cap.x*.3.0i1) 84,000,000 (11,120,000) 

ft. 95,820,000 (11,277,600) 

Coat of 
Produotion: 

(I)    3,000 kg. T/C x ft.3,150 
(|42.00)(2)  - Mi,     9,450,000    (t    126,000) 

(II) 28,000,000 T/C cap.x*.1.34(2) 37,520,000 (I 500,270) 

ft. ¿»6,970,000 (I 626,270) 

latiaatsd yearly groas profit 5: 

(I)    For T/C powder                         ft.    2,370,000 ($ 31,600) 

(II)    For T/C oapeulea                     ft. 46,480,000 ($ 619,730) 

ft. 48,850,000 (S 651,330) 
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.(4) tatiaated yearly not profit»1H) ft. 19,164,000    ($ 255,520) 

Not«:  (1)    letinated wholesale price of T/Ci ft«3»940  ($52.24) 
per kfi 

Eatinated market price  of T/C  cap.: Ik« 4.00 per cap; 

ffholeeale price (73% of aarket 
price):      ft. 3*00 per oap{ 

(2)    Coat of production for T/C powdertft.3,150 per kg; 

Coat of production for T/C capaulea:l».1.34 par cap. 

(>)    Qroaa profit « total aalea - total coat« of produc- 
tion« 

(4)    20% of total aalea aa net profit. 

Table 10-3 -    Pav-out Tj— for Tetracyclina/Chlortatraercllno 

Plant 

tatiaated net profit per year   ft«  19,164,000    (f 255,520) 

Depreciation per year ft.     9|000,000    (I 120,000) 

ft. 28,164,000    (• 375,520) 

Pay-out tine for the pianti 3 yeara It 2 aontha 

(total aeaeta/net profit and 
depreciation: ) 

I 1,200,000/t 375,520 
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3.    MANUFACTURI OF STREPTOMYCINS AND VITAMIN B,2 

Streptomycin is the antibiotic biosynthesiaed by differ- 

ent species  of Actinomycetes,  belonging principally to the ge- 

nus    Streptomycos or related genera.     Streptomycin is used in 

the forms of its acid salts.    The reduced form of streptomycin, 

known as dihydrostreptomycin is administered largely in the  form 

of the sulfate.    Perhaps the greatest  virtue  of streptomycin and 

dihydrostreptomycin as chemotherapeutic agents in their effec- 

tiveness in  the  clinical management of tuberculosis as well as 

various gram-negative pathogens. 

Cyanocobalamin,  cobalamin or vitamin B-j2 is an effective 

antianemia remedy in modern therapy.    Preparations containing 

B12 and intrinsic  factor concentrate   (or stomach powder)  are now 

available  for  oral use.    In pernicious anemia,   the vitamin is 

usually administered parenterally.    Vitamin B-|2 »as  first  iso- 

lated from liver,  and was  later  found to occur in minute  quanti- 

ties in the  fermentation liquor of different  Strains of Strepto- 

myces.    By using a strain of Streptomyces griseus  in the  fermen- 

tation process,   it produces both the antibiotic,  streptomycin 

and the vitamin B12.    The production of vitamin B-|2 "»ay be  looked 

as a by-product  of streptomycin manufacture.     It contributes to 

lower the production cost  of streptomycin to certain extent. 

The annual consumption of streptomycin is estimated to 

be 10,000 kg. in Iran. The total demands are about ^5,000 - 

50,000 kg. in the RCD countries. A streptomycin/vitamin B-J2 

combined plant may be considered to build up in Iran with an 

annual production of 10,000 kg. of streptomycin and dihydro- 

streptomycin as well as 8 kg. of crystalline citamin B12. Other- 

wise, a plant with a production capacity of 50,000 kg. of 
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streptomycins and 35 kg. of vitamin B12 for meeting the demands 

of the three RCD countries may be considered to set up in any one 

of the RCD countries (total assets of the plant is estimated to 

be US $ 2,400,000). 

At a production capacity of 10,000 kg. of streptomycins 

per year, it is still not large enough for an economical pro- 

duction. Thus, the cost of production for streptomycin should 

reach His. 3,600 (US $ 48.0) per kg. (Table 11->). The cel- 

ling price of 1 Gnu streptomycin vial in Iran is Rls. 8.0 (US 

S 0.106), and the cost of production is estimated to be Rh.4.8 

(US $  0.064). If the annual production increase to 15,000 kg. 

or more, the cost of production might be reduced 20%  below the 

previous price. 

The total assets (capital expenditure) of the sanctioned 

plant is estimated to be ft. 105,000,000 (US $ 1,400,000) (Table 

11-2). For streptomycin and Vitamin B12, there will be 30-37.5% 

of the products being supplied as basic drugs to other domestic 

pharmaceutical plants for their processing, and the rest will be 

provided in suitable dosage forms, such as sterile powder for 

injection, and parenteral solution, etc. The total sales for 

both streptomycins and Vitamin B12 are estimated to be Rials 

129,970,000 (US $ 1,732,940) (Table 11-4). The value of yearly 

output will be greater than that of input. The gross profit per 

year is estimated to be lb. 26,326,250 (US $ 351,020).  If we 

count 15# of total sales as the net profit, it will have an 

amount of ft. 19,495,500 (US $ 259,940) of net profit from this 

combined plant per year. It will yield a pay-out for the plant 

in 3 years and 8 months (Table 11-5). 
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Procedure of production 

When a strain  of Streptomycea griaeus which produces 

both Streptomycin and Vitamin B12  is uaed to ferment an aqu- 

eoua nutrient medium,   the Streptomycin and Vitamin B12 thua 

formed may be separated one  from another by subsequent opera- 

tions.     The nutrient   culture ueed for  fermentation contains 

glucose,  sodium citrate,  inorganic  salts and other organic 

compounds«    Soybean meal and peptone are used as a source of 

nitrogen.    Distillers1   solubles (available as a by-product of 

molasses - ethyl alcohol fermentation),   or corn steep liquor 

and calcium carbonate  are also employed,   the later to  control 

PH value;  lard oil and other fats may replace  glucose and 
starch. 

For industrial production of streptomycin and Vitamin 

Bl2i   the submerged fermentations are  carried out  in the large 

fermentation tanks,   and particular attention should be paid 

in preparation of "seed" or "inoculum",   in providing aeration 

and proper nutrients and in maintaining sterility,  proper pH 

value,   etc.    It must   continuously select active  strains from 

cultures  of parent  strain of Streptomyces griseus because there 

is  considerable  variability in the   capacity of different sub- 

cultures to produce  the antibiotic.     The histamine-like subs- 

tance which is usually accompanied with streptomycin as impu- 

rities should be removed by passing adsorptive  chromatographic 
columns. 

Streptomycin may be isolated from the fermented liquid 

by adsorption on ion-exchange resin.    An acid-alcohol mixture 

brings the streptomycin into solution.    Concentrate the neutra- 

lised solution,  and crude streptomycin is precipitated out from 
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•olution by addition of ether and acetone* Further purifica- 

tion and subsequent crystallisation involve additional steps. 

The dihydrostreptomycin is prepared through eatalytical reduc- 

tion of streptomycin. 

The effuont broth, from which the Streptomycin has been 

guantitatively removed by passage of the fermented broth 

through the first series of ion-exchange resin columns, is 

then treated with active charcoal.  The adsórbate is then 

eluted with an aqueous solution of pyridine, and the eluate 

ovaporated. The residue is extracted with methyl alcohol, and 

the alcoholic extract is then passed through the columns con- 

taining activated alumina. The columns are eluted with fresh 

methanol, and those fractions of the eluate are concentrated 

together. The concentrated solution is then mixed with acetone 

whereupon crude Vitamin B12 precipitated and is removed by 

filtration. This material is purified by reprecipitation from 

ethanol solution by the addition of acetone and the product 

further purified by crystallization from aqueous acetone to 

produce crystalline Vitamin B12. 

In the streptomycin/vitamin B12 plant, a pilot plant is 

necessary for the plant evaluation study prior to every batch 

of fermentation. Adequate laboratory facilities should be in- 

stalled for the quality control tests of antibiotics and vita- 

min and also at the same time, for the research studies (screen- 

ing tests) on new antibiotics. 
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Tabla 11 »1 - »m» Material« Bo quired for the Manufacture 

of Streptomycin and Vitamin B12 

* Qluooae 

* Soybean »tal 
4 Diatiller«1 solubles (by-product of aolaaea- 

alcohol fersentation) 

* Sodium chloride (or sodium oitrate) 

Cobalt nitrate 

* Calcium carbonate 

* Sodiua hydroxide 

Phoaphoric acid 

Carboxylic acid ion-exchange resin (copolymer of 
acrylic or methacrylic acid and divinylbenaene 
resin; or "Amberite IRC-50") 

* Hydrochloric acid 

Ithylenodiamine tetraacetic acid (IOTA) 

Weak acid eationic exchange rosin 

Activated alumina for chromatography 

Anionic exchange resin 

* Sulfuric acid 

Sodium carbonate 

Platinum oxide 

Activated charcoal for chromatography 

Pyridine 

Methyl alcohol 

Acetone 

Mote; Materials marked with asterisk (•) ars available in 

Irani the rest should be imported from other count- 

ries. 
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Tabi» 11-2    -   Total Asseta for Streptoaycln/Vitaain Bi? Plant 

Annual production: 10,000 kg« streptomycin and dihydro- 

etreptomycin 8,000 Gm. Crystalline 

Vitamin B12 

Land (18,000 M2) 

Buildings (6,500 M2) 

Machineries te équipaient 

Erection and Start-up 

Services 

Working oapital It others 

ft. 3,637,500 (US* 48,500) 

16,237,500 216,500) 

52,500,000 700,000) 

7,500,000 100,000) 

5,625,000 75,000) 

19,500,000 260,000) 

ft. 105,000,000 (  s 1,400,000) 

Table 11-3a    -   Cost of Production for Streptomycin and Dihydro- 

streptoaycin 

per kilogram 

Raw Materials 

Utilities (water, elec- 
tricity, It fuel, etc«) 

Machinery depreciation 
and aaintenanoe 

Labor, direct It indiròot 

Taxes and inaurano» 

Overhead It Miscellaneous 

ft. 1,350 (US f 1S.0) 

360 (    f %.«) 

825 (   t 11.0) 

360 (   1 *>.6> 

150 (   t 2,0) 

555 (    t 7.4) 

ft..3,600 (us f kS.O) 
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TMIf  11-ffi    -   QM» »f Prototipa for  100 StrontoaYcin/Dibrdra 

Streptoaycin Inaction« (1 Qa./vial) 

¿treptoaycin sulfate or/and 
dihydroetreptomycin sulfa}« 
(starile powder) 

Packing charge« 

». 360 

2<t0 

». 600/100 rials 

». 6.0 par rial 

Tabi« 11-3c   -   Coat of Production for Vitaain Bi2 

par kilogra» 

Raw Materials 

Utilities (water,  electricity,  a 
fuel, etc 

Machinery depreciation a aaintenanca 

Labor,  direct and indirect 

Taxa a and insurance 

Orarbaad 1 others 

». 123,750 (USf 1,650) 

26,250 ( I      350) 

82,500 ( I 1,100) 

11,250 ( I      150) 

7,500 ( I      100) 

30,000 ( I       *»00) 

». 281,250 ( • 3f750)A«. 
». 281 ( t    3.75 >/0a. 

Tabi« 11-34   -   Coat of Production for 100 Vitaain B12 Injections 

(100 Dog. par ml.; 10 al./rial) 

Vitaain B12, Nannitol * others ».      150 

Pmokiag charges I50 

Orarbaad and othere 700 

». 1,000/100 vials 

».        10/vial 
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Ttfrlf 11*{|    -    *«tl«ated Profit fro« Streptomycin and Vit—in h*o 
Plant 

Annual Production: 

(I)  10,000 kg. of streptomycin  (S) and dihydroetreptomycin  (D8) 

(a) 3,000 kg. of S and DS are supplied as basic drugs to 
othtr domestic pharmaceutical plants for their pro- 
cessing { 

(b) 7,000 kg. of S and DS are supplied in the foras of 
sterile powder,  10a./vial:    ?,000,000 vials. 

(II) 8,000 G«,  of erystalllne Vitamin B12 

(a) 3,000 OB. of Vitamin B<|2 are supplied as basic drug to 
other domestic pharmaceutical plants for their processing} 

(b) 5,000 On. of Vitamin B12 are supplied in the foras of 
injections, 100 meg. par ml.,  10 ml.vial: 5,000,000 vials. 

Total Sales: 

(i)  (a)    3*000 kg. S and OS powder x 
ft.*,l40 (I55.2)(1a)    - ft. 12,1»20,000 (•    165,600) 

(b) 7f000,000 S and DS viala x 
». 7.0 (1a)       . ft. 49»OO0,O00 (• 653,3*0) 

(II)  (a)    3,000 Qa. Vitamin B12 x 
».350 (• *.66)  (1b)    « ft.    1,050,000 (I      1*f000) 

(b)    5,000,000 Vitamin B12 Vials x 
ft.13.5 (1b) • ft 67,500,000 (•      900,000) 

***•! ft.129,970,OO0 (I 1,732,9*0) 
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Casts of Production: 

(I) (a)    3,000 kg, a and OS powder x 
ft.3,600 ($48.0)  (2a)  « lu  10,800,000    (I    144,000) 

(b)    7*000,000 8 and DS vial«    x 
ft. 6.0 (2a) » ft. 42,000,000    (I   560,000) 

(II) (a)    3,000 Qa. Vitamin B<|2 x 
ft.281.25 (I3.75)(2a) « ft.        843,750    (•      11,250) 

(b)    5t "00,000 Vi tanin B<|2 vial« 
x ft« 10 (2b) m ft. 50,000,000    ($   666,670) 

Total 

tstlaated yearly gross profit * t 

14) 
Estlaated yoarly not pr*fitv  ': 

ft.103,643,750    (11,381,920) 

ft. 26,326,250    (f    351,020) 

•». 19,^95,500   (I   259,9^) 

Noto:(1a)    Salo prieo of S and DS powder por kg«: ft.4,140 (155.2) 

Est isa tod aar ko t prioo of S and DS vial: ft« 8.0 

Wholesale prioo of rial: ft. 7.0 

(1b)    Salo prico of Vitaain B<|2 por Ga.: ft. 350 (t 4.66) 

latiaated aarkot prico of Vitaain B^g 
injection» ft« 18/vial 

Wholoaalo prioo of vial: ft.13«5/*ial 

(2a)    Coat od production of 8 and DS 
powder por kg«: ft«3,600 (148.0) 

Coat od production of 8 and DS vials  : ft. 6.0/vial 

(2b)    Coat of production of Vitaain B12 por Oai ft.281.25 (3*75) 

Coat of production of Vitaain B^¿ rials : ft.lO/yial 

(3) Eatiaatod yoarly gross profit « total oalos - total 
eost of production 

(4) I5K of total salos oountod as not profit. 
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Tabi« 11 »3 • Pay-Out Tim for ßtrtptomycia/VUamin B12 Plant 

^ 

latimated net profit ptr year   ». 19t^95t500    ( 259.9*0) 

Depreciation por year ».    8,910,000    ( 118,800) 

Total ft. 28,*>O5,500    ( 378,740) 

Pay-out time for tho plant: 

{Total assets/net profit t 

depreciation: 

f 1,*K>0,000/1 378,7^0) 

3 yaar« and 8 «oath« 

*».    MAHOrACTURE OT YEAST AMD IT8 PM5PABATI0H8 

Tho dried yeaat,  also known as Medicai yeaat ia uatd la 

therapy for its rich source of vitamin and high content of prs- 

tein.     It ia advisable to supply yeast as  •••eat substitute" to 

those  convalescent patients, aged people,   school childron, 

youngatera and even soldiers who need the  dietary supplements 

for building up their health.    Yeast is also used in accompany- 

ing with rioe bran, wheat bran and fish meal etc«    in the aniaal 

feedings.    A certain amount of yeast  (active yeaat) is used in 

the baking industry and for home baking.     It is good to suggest 

that a yeaat plant may be set up with annual production of 5,000 

tona of dried yeast,  of which 1,000 tons are supplied in the for« 

of yeast powder, and the rest are supplied in the forms of tab- 

lets,   yeast extract, and vitamin B complex capsulée, «to. 
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Yeast is produced by the fermentation of Saeeharoayee« 

eererisiae or othtr suitable species.    On a dry basis,  it as- 

says around 50% of crude protsin and kZ% of carbohydrates. 

Yaast is «xtrem«ly rich source of B- vitamins.    Enrich«d ysast 

can be produced by adjusting th« vitamin content with addition 

of pure synthetic vitamins»    In the manufacturing of yeast, 

•olass«s is the «sin nutrient.    In Iran, as a by-product of 

sugar industry,   there is a production of large amount of no- 

lasses, whioh is aostly not «ell utilised and rejected.    The 

Manufacture of yeast is a best «ay to use aolasses. 

The total assets of yeast plant «ill be ft.  90,000,000 

(Ü8 I 1,200,000)   (Table 12-2), and the total sales per year 

is estimated to be ft.  117,750,000 (• 1,570,000)  (Table 12-4). 

The value  of output «ill be greater than the valu« of input. 

The  gross profit is estimated to be Mi. 28,500,000  (• 380,000). 

If «e count 20% of total sales as th« net profit,  it «ill have 

an aaount of ft.  23,550,000 (t 31^.000) •' »•* profit per year. 

It will yield a pay-out for the plant in about three years 

(Table 12-5). 

Procedue of Yeast Production 

The Manufacture of yeast is in »any »ays analogous to 

a faraing operation in tanks,  except that sunlight is not re- 

quired.     During the fermentation process,  nitrogen  (generally 

as assoni* or ammonium salts),  phosphorus  (usually as aasoniua 

phosphate  or calcium superphorphate ),   organic nitrogen mater- 

isls, water and small amounts of other growth factors are 

added to the culture medium to make  it nutritionally complete. 

The  quantity and souroes of ra« materials for preparing the 
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eultur« medium are kept quite flexible«    The various sources 

of carbohydrate and nitrogen nay be used singly or in combi- 

nation.     In   the United States,   the cane sugar molasses,  beet 

sugar molasses and corn liquor are used simultaneously for 

the production of yeast.    The beet molasses  contains besides 

sucrose and  invert sugars,  a small amount of glutamate and 

betaine,  and  the later may be served as a nitrogen material 

in the medium, V/hen the  fermentation is completed,  there will 

be no more   betaine existing in the culture liquid.    Thus it 

gives no harm to the final product,  when the  beet molasses is 

used. 

The   reproduction is started by planting the single 

cells of a   selected strain of yeast in a test tube  containing 

sterile medium.    After several days of growth at 25 C,  the 

contents are   transferred through a number of successively 

large sterile  flasks and tanks  involving increasing amounts 

of a growth  medium. 

In  the   final stages,  the  molasses wort  is fed incre- 

mentally and  the entire mash is aerated vigorously to sup- 

press alcohol  fermentation.    The  optimum temperature is 30 C 

and the  optimum pH is about 5*0*    The  yeast reproduce under 

these  conditions by budding and the number of yeast  cells may 

double  every  two to three  hours*    When the  desired amount  of 

growth has   been achieved,   the yeast is  separated from the  spent 

medium &    washed by processing centrifugal separators.    The 

resulting yeast suspension is then concentrated to 30$ solids 

by means of   filter presses.    Active dry yeast  (baking yeast) 

or inactive   yeast  (medical yeast) may be prepared from this 

product by   further dehydration under controlled condition« 



Tflllf 12-1    •    *•»   Hatwlsls Beouirod  for  the Manufactura 
Of Ysast and ita Preparai lona 

* Molasses  (carne sugar molasses,   beet sugar solasse») 

* Corn sugar  liquor 

* Grain extracts (derived fro« wheat,  corn, barley, 

rice,   aalt sprouts, rice   oran or aoabiaa* 
ti one   of those) 

* Aanonia water  (or ammonium sulfate) 

Calciua superphosphate 

Amoniua phoaphate 

Lactic acid 

Nagnesiua atearate 

Sodiua ben a oat e 

* Qu« acacia 

Lactose 

Star oh,   corn 

Thiaaine hydrochloride 

Riboflavin 

Niootinaaide 

Nets:     Materials Marked with asterisk  (•) «re available ia 

Iran;    the  rast should be imported froa other count- 
ries. 
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Table 12-2   -   Total Aaseta for Ttaat Plant 

Annual production capacity * 

Und (16,850 M2) Ik. 

Buildings  (6,000 M2) 

Machinery li equipment* 

Era et ion li Start-up 

Working capital li others 

5,000 tona yaaat 

3.375,000      (• *»5,000) 

15,000,000      ($ 200,000) 

W,750,000      (f 650,000) 

i», 125,000     (f 55,000) 

18,750,000    (I 250,000) 

Total 

* Machinery for yaaat Manufacture: 

Machinery for yaaat preparations 
processing: 

Equipaent for control laboratory: 

90,000,000 (• 1,200,000) 

^0,500,000 ($ 5^0,000) 

6,000,000 (f 80,000) 

2,250,000 (t 30,000) 

Saw aaterials per ton of yeast    ft«    6,000 (• 80) 

Utilities  (water,   electricity, 
fuel,   etc») 1,500 (• 20) 

Machinery depreciation and 
maintenance 1,500 (• 20) 

Labor, direct li indire et 1,500 (f 20) 

Overhead li miscellaneous i»,500 (• 60) 

ft. 15,000      (1200)/ton 
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Tablo 12.4    -    tatiaated Profit  fro« Y«Mt Plant 

Annual production:  5,000 tons yeast powder supplied in 
various foras: 

a) Toast powder 

b) Toast tablets    (0.5 <*••) 

e)    Toast extract («ator  soluble 
extract od yeaat) 

d)    Vitaain B complex capsules 
(approx. 0.5 OB.   yeaat ext, 
enriched with thiamine, 
riboflavin It nicinaaiide) 

Toast contents in (b)   (c)  It (d), 
equivalent to 

1,000 tons i 

4,000 ton« 
yeaat 

Total sales:(a) Toast powder 1,000 tons 
x *.18,750 (I 250)      - ».18,750|000 

(b)    Yeast tablets 

(e)    Toast extraot 
(d)    Vitamin B coaplex capsules 

Teaat  contents in (b)   (o)   Ir (d), 
4,000 tons x ».24,750(33O5

1)
*.99fOOO,000 

(t    250,000) 

($1,320,000) 

ft.117,750,000    ($1,570,000) 

Costs of Production: 
(a) Toast powder 1,000 tons 

x ls.15,000  ($200)   «      »,15,000,000 

(b) Teast tablets 

(o)    Toast extract 

(d)    Vitaain B complex capsules 

Toast contents in (b)  (o)  l> (d),  ¿2) 
4,000 tons x ••18,562.5(1247.5) 

($    200,000) 

Total 

li. 74,250,000    ($    990,000) 

». 89,250,000    ($1,190,000) 
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Eetiaated gros« profit J(3) Ik 2S,>00,000    (I #0,000) 

Eetiaated n«t profits ft. 23,550,000    (t 31^000) 

Not«i   (1)    Average ««1« priet of yea«t tablets,  yeaat ex- 

tra o t and vitaain B eoaplex capaule«,  counted 

1B yeast powder by ton; 

(2)    Average coat of production of yeast tablets, 

ytaat extract and Vitaain B eoaplex capsule«, 

counted in yea«t powder,  by ton (75* of tale 
price)| 

(5)    Total «ale« - total coat« of production • 

yearly groee profit| 

(k)    209» of total «ale« as net profit. 

fr»1« ^-S    -   PayQut Ti«* for Yeast Plant 

Estimated net profit per year ».23,550,000    (f 3Ht0Q0) 

Depreciation per year 7,500,000    (• 100,000) 

Total ft.  31,050,000     (| 4Hf,000) 

Pay-out tiae for the plant t     2 year« Ir 11 «oaths 

(Total aaaeta/net profit 

and depreciation: 

•1,200,000/f Mlf.OOO) 



^ 

- 60 - 

5.    MANUFACTURE OF CHLORAMPHENICOL 

Chloramphenicol,  now  is the  official name of the anti- 

biotic,  was first introduced in the  therapy as "Chloromycetin". 

Chloramphenicol,  next  to penicillin and streptomycin in therapy, 

is used as a chemotherapeutic agent  for typhus,  typhoid,  para- 

typhoid,   reckettsial and enteric infections.    The antibiotic 

was at  first produced industrially by using Streptomyces vene- 

zulae for submerged fermentation.    But now it is produced on 

an industrial scale by the  organic synthetic method at a mo- 

derate price.    The annual consumption of chloramphenicol is 

estimated to be 6,000 kg.  in   Iran and 30,000 kg.  in the  three 

RCD countries.     In Turkey,  no chloramphenicol production has 

been started until now.     In Pakistan,  there is the plant with 

annual production of 6,000 kg.  of chloramphenicol and 5,000 kg« 

of chloramphenicol esters and the sanctioned additional capaoity 

will provide the scope  for doubling it.     In Iran,  according to 

medical necessity,  the  chloramphenicol plant with annual pro- 

duction of 6,000 kg.  of chloramphenicol and its esters may be 

setting up at the present time.    The production capacity might 

extend up to 8,000 kg.  when the demand become larger.    If there 

is certain amount of chloramphenicol out  of local consumption, 

it might export it to Turkey. 

The total assets  (capital expenditure) of the sanctioned 

chloramphenicol plant  is estimated to be lb.  37,500,000  (US f 

500,000)   (Table  13-2).    The plant should consist of (a)  a che- 

mical synthetic division for manufacturing the basic drug, 

chloramphenicol and its esters, and  (b) a pharmaceutical pro- 

cessing division for manufacturing various pharmaceutical pre- 

parations,  such as chloramphenicol capsules, ointments,  and 

MU 
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injections, etc.     If a chloramphenicol manufacturing unit is 

set up in an existing pharmaceutical plant,  a total assets of 

fus.   30,000,000  ($ 400,000) would be enough for only establish- 

ing the chemical synthetic division. 

The annual production capacity of the plant is esti- 

mated to be 6,000 kg.   of chloramphenicol and its esters,  of 

which 2,000 kg.   supplied to other domestic manufacturers  for 

their processing and 4,000 kg,  provided in the  forms of cap- 

sules and injections.     The  total sales will be lb.  48,910,000 

($ 652,140) per  year  (Table  13-4).    A yearly gross profit  is 

estimated to be ffc.   12,625,000  ($ 168,340).     If we count 20# 

of total sales as  the  net profit,  it will have an amount of 

ft.  9,782,000 (S 130,428)  of net profit per year  (Table  13-4), 

And,   it will yield a pay-out  for the plant  in 3 years and 3 

months (Table 13-5). 

Procedure  of Chloramphenicol production 

Chloramphenicol,  which is chemically D-threo-1-p- 

nitrophenyl-2-dichloracetamide-1,3-propanediol,  may be pre- 

pared synthetically from the  starting material either p- 

nitrobenzoic chloride  or p-nitroacetophenone  or otherwise 

from the  intermediate  products by reacting p-nitrophenyl- 

arainopropanediol  (known as "active aminodiol") with methyl- 

diohloracetate  in isopropyl alcohol.    By starting from the 

latter,   the manufacturing process may be  carried out as 

follows:    Neutralize methyldichloracetate  by anhydrous po- 

tassium carbonate  to pH 5.    Then take  3 parts of the solu- 

tion to react with 4 parts of D-threo-1-p-nitrophenyl-2- 

amino-1,3-propanediol,   CgH^NO^ - CH(OH)  - CH(NH2) - CHgOH 

(L-base)  in anhydrous isopropyl alcohol.     Heat the reaction 
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solution while hot through filter pros« and eool to 20°C for 

crystallize.    The product is collected by eentrifuging and 

purified through recrystallization. 

Chloramphenicol palnitate is prepared by treating 

chloramphenicol with palmitoyl chloride  (CH.-ÍCHL)... -COCÍ) 

in the presence of pyridine.    The crude eater ia obtained by 

pouring the reaction product into a large excess of dilute 

hydrochloric acid and filter.    It ia then purified by recrys- 
tallization. 

Chloramphenicol sodium Buccinate ia prepared by re- 

acting chloramphenicol with an equimolar portion of succinic 

acid anhydride to yield chloramphenicol hydrogen Buccinate« 

The product after purification by recrystallization,  ia neu- 

tralized with sodium hydroxide to give the official eater salt* 

Table 13-1    -    Raw Materials Required for Manufacturing 

Chloramphenicol and Its Esters 

"Active aminodiol",  D-threo-1-p-nitrophenyl-2-amino- 

li 3-propanediol,   (CgH^NOgJ-CHÍOlONHgJ-CHgOH) 

Methyldichloroacetate 

Isopropyl alcohol 

Potassium carbonate 

Active charcoal 

• Ammonia water 

• Ethyl aloohol 

Benzene 

Palmitoyl acid 

• Hydrochloric acid 

Pyridine 

Potassium hydroxide 

m 



-63- 

Acetone 

Xylene 

Succinio aoid anhydride 

• Sodium hydroxide 

Note: Raw »ateríais marked with asterisk (*) are 

available in Iran; the rest should be imported 

from other countries. 

Table 13-2 - Total Assets for Chloramphenicol Plant/Unit 

Annual production capacity: 6,000 kg. 

(3,000 kg. chloramphenicol! 3.000 kg. chloramphenicol esters) 

Und (9,**00 M2) ft.  1,875,000 (t 25,000) 

Buildings (3,000 M2) 7,500,000 (I 100,000) 

Machinery & equipment 15,000,000 (| 200,000) 

Erection and Start-up 1,875,000 (t 25,000) 

«forking capital fc others 11,250,000 (t 150,000) 

Total        ft. 37,500,000  (1 500,000) 

Raw materials ft. 750.0 (• 10.00) 

Utilities (water, electricity, 
fuel, etc.) 187.5 ($ 2.50) 

Naohinery depreciation and 
maintenance 252.0 ' (1 3,k0) 

Labor, direct & indirect 187.5 (t 2.50) 

Taxes and insurance 150.0 (t 2.00) 

Overhead & Miscellaneous 3**5.0 (t 4.60) 

Total ft. 1,875.0 ($ 25.00) 
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Tabi« 13-lb,    -   Coat of Production for Chloramphenicol Pal- 

aitate and Chloramphenicol Sodium Buccinato 

Raw Material« (chloramphenicol 
and others) 

Utilities  (electricity,   fuel 
and water,  etc«) 

Machinery depreciation fc maintenance 

Labor,  direct and indirect 

Taxes and insurance 

Overhead it aieoelianeous 

Total 

ft.  1,800.0 (I 24.0) 

112.5 (I    1.5) 

37.5 («    0.5) 

75.0 (i    1.0) 

75.0 (I    1.0) 

150.0 (I   2.0) 

ft. 2,250.0 ($ 30„0) 

Coat of production for chloramphenicol preparations: 

Chloramphenicol capsule  (250 mg.):    Ik. 1.4/oap« 

Chloramphenicol Sodiun Succinate Injection: fa.30/vial 

(Sterile powder 1 Oa./vial) 

Tabla 13-4   -   Estimated Profit fro« Chloramphenicol Plant/Unit 

Annual production: 6,000 kg. Chloramphenicol and its estera 

(I)    2,000 kg. chloraaphenicol and its esters are supplied 

to other domestic manufacturers for their processing: 

(a) 1,000 kg. chloramphenicol; 

(b) 1,000 kg. chloramphenicol palmitate and chloram- 

phenicol sodium succinate. 
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(ZI)    4,000 kg. chloramphenicol and it« titers are provided 

in the foras of: 

(a) 14,400,000 chloramphenicol  capsules (250 mg.) 

(b) 400,000 chloraaphenieol sodiua succinate  In- 

jections,   (freeie-drying sterile powder 1 ga/vial) 

Total Salea(1): 

(I) (a)    1,000 kg. chloraaphenieol x ».2,550 > 

»a    2,550,000    (I    34,000) 

(b)    1,000 kg. ehloraaphenicol esters 
x ».   3,000    » 3,000,000     (I    40,000) 

(II)  (a)    14,400,000 chloraaphenieol cap. 
x ft.  1.9       « 27,360,000    (f 364,800) 

(b)    400,000 vial6 of chloramphenicol 
sodiua succinate  Inj. 

x «.   40      = 16,000,000     (I 213,340) 

Total i. 48,910,000    (I 652,140) 

Coat of production     s 

(I)  (a)    1,000 kg. chloraaphenieol 
x ft 

oraapnenieoi 
.  1,875   • ».    1,875, 000   (|   25,000) 

(b)    1,000 kg. ohloraaphenicol 
esters  x ft.2,250 « 2,250,000    (I    30,000) 

(II) (a)    14,400,000 ohloraaphenicol cap. 
x ft. 1.4 *      20,160,000    (1268,800) 

(b)    400,000 vials of chloraaphenieol 
Sodiua Succinate   Inj.x H.30«     12,000,000     (I 160,000) 

Total u  36,285,000    (| 483,800) 
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• «    * ^ »     ,    « «„#<*.< 3)     »». 12,625,000    (t 168,3**0) Estimated Yearly Gross Profit:  ^ *     '* 

Eatiaated Yearly Net Prof it (i>): li.    9,782,000    (• 130,*»28) 

(   )    Sale prices of chloramphenicol It its preparations: 

Note:    (la) Selling price of chloramphenicol: lk.2,550 (l3^)As* 

(lb) Selling price of chloramphenicol 
esters     x      »«3,000  (ftO)Ag* 

(IIa) Estiaated aarket price of chloram- 
phenicol cap.: Ik. 2.5/cap. 

Wholesale price   (75% aarket price) ft. 1.9/cap. 

(IIb) Eatiaated market price of chloram- 
phenicol inj.*:      Ik. 5V*ial 

(2) Cost of production  of chloramphenicol and its 
preparations: 

Cf. Table 13-3«,  Table 13-3b. 

(3) Estimated yearly gross profit  • Total sales - total 
coat of production. 

CO    Estimated net profit * 20% of total sales. 

* In Iran, the market prices of drugs are unstable 

and not under control. The market price of chloram- 

phenicol Sodium Succinate injection is rather higher 

than usual,  costing Rk.  80 or more  per vial (1  Qm.vial). 

Table 13-5    -    Pay-Out Time  for Chloramphenicol Plant 

Eatiaated net profit per year Ik.  9,782,000 (I 130,<*28) 

Depreciation per year 1,800,000 (f    24,000) 

Ik. 11,582,000 ($  15M28) 

Pay-out time for the plant: 3 years It 3 months 

(Total aaaets/net profit Ir depreciation:) 

t 500,000 / I 15^,^8 
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6. MANUFACTURE OF P-AMINOSALICYLIC ACID 

P-Aminosalicylic acid (PAS) is on« of the ohemothera- 

peutic agents for the treatment of tuberculosis« The annual 

oonsumptlon of aminosalicylic acid is estimated to be 15,000 

kg« in Iran, and 80-100 tons in the three RCD countries. But 

it is not economical to establish a plant with a production 

capacity of less than ¿+0,000 kg. per year«  Since the PAS is 

a common classic drug used in the therapy, and the raw mater- 

ials used for manufacturing are quite cheap in the industrial- 

ized countries, thus the world price of PAS is considerably 

low.  It will be not very profitable for an establishment of 

a PAS plant in Iran. 

By setting up a plant with the annual capacity of 40,000 

kg« of PAS, it would not only meet the domestic demand of this 

drug in Iran, but there are also surplus amount for exporting 

to other RCD countries. The total assets of the plant is es- 

timated to be ft. 22,500,000 (US S 300,000) (Table 14-2). The 

total sales is estimated to be ft. 16,350,000 (f 218,000) per 

year.  The yearly gross profit will reach ft« 4,475.000 (US $ 

59,600). If we count 20# of total sales as the net profit, it 

will have ft. 3,270,000 (t 43,600) (Table 14-4). And, it will 

yield a pay-out for the plant in 4 years and 3 months (Table 

14-5). 

Procedure of Production 

P-Aminosalicylic acid is prepared industrially with a 

good yield by reacting m-aminophenol with carboxylating agent 

in presence of water at 110 C in autoclave.  The carboxylating 

agent may be sodium, potassium or ammonium carbonate or other- 

wise liquid carbon dioxide» Aminosalicylic acid may also be 
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prepared fro« the basic Material, phenol and the later ie con- 

verted into m-aminophenol by further nitration and reduction. 

During the nitration of phenol, the ortho,  nota and para iso- 

nere of nitrophenols are  formed in different proportions de- 

pending upon the condition of reaction.     But only m-aminophe- 

nol can be used in the manufacture of p-aminosalicylic acid, 

unless there  is some way to utilize or  aoll out the ortho and 

para isomers of nitrophenol,  it would be  more economic to use 

directly m-aminophenol as the starting material.    Although the 

m-aminophenol is not available in Iran,   but it can be imported 

in a reasonable price without any difficulty. 

Table 1»-1     -    Raw Materials Required for Manufacturing 

P-Aminosalicylic Acid 

M-Aminophenol 

Sodium carbonate 

Aotive Charcoal 

• Hydrochloric acid 

Calcium hydroxide 

* Ethyl alcohol,  etc. 

Hote:      Raw materials marked with asterisk  (•) are available 

in Iran? the rest should be imported from other 
countries. 

Table 1<»-2    -    Total Assets for P-Aminommlievlio Acid Plant 

Annual production:    ^0,000 kg. PAS 

UBd ».   1,500,000    (I 20,000) 

Buildings 5,625,000    (I 75,000) 
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Machinery li equipment 

Erection and start-up 

Working capital & others 

ft. 11,250,000 (1150,000) 

1,875fOOO ($ 25,000) 

2,250,000 (t 30,000) 

ft« 22,500,000 (1300,000) 

'tttf 1M   - Cost of Production of PAS 

Per Kg. of PAS 

Raw Materials 

utilities (electricity, 
fuel, & water, etc.) 

Machinery depreciation 
and maintenance 

ft.    1*»5 

ko 

50 

30 

20 

77.5 

Labor,   direct 8c indirect 

Taxes and insurance 

Overhead & miscellaneous 

ft.    262.5 (• 3.5)Ag. 

Cost of produetion of PAS Tab.   (0.5 Gm.):  ft. 200/1000 tab. 

Table ^k-k    -      Estimated Profit from PAS Plant 

Annual production:  30,000 kg. PAS are supplied to other dones- 

tic manufacturers for their processing and 

for exportation to other RCD countries. 

10,000 kg.  PAS are provided as tablets 

(0.5 Gm.): 20,000,000 tablets. 
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Tot*! Sal«»(1): 30,000 kg. PAS x 
ft.3^5 (14.6) m t. 10,350,000 (1138,000) 

20,000,000 tab. x 
ft. 0.3      » ft. 6,000,000 (f 80,000) 

(2) Costs of production      : 
30,000 kg. PAS x 

ft.262.5 (3.5) 
20,000,000 pos. PAS 

tab. x ft.0.2 

Istias ted Yearly Groaa Profit(3): 

BstiMted Yearly net profit <*>, 

ft. 16,350,000 (1218,000) 

ft. 7,875,000 (1105,000) 

ft. 4, 000,000 (• 53,340) 

ft. 11,875,000 ($158,340) 

ft. V,475,000 (I 59,660) 

ft. 3,270,000 ($ if3,600) 

Note: (1) Selling price of PAS powder: ».345 (14.6) per kg. 

leticateci market price of PAS tab.: ft.0.Vtab. 

Wholeaale price (75# market price): ft.0.3/tab. 

(3) Eatiaated yearly groaa profit = Total sales - total 
coats of production. 

(4) estimated yearly net profit * 20# of total sales. 

Table 14-5 - Pay-Out Tise of PA8 Plant 

Istiaated net profit per year  ft. 3,270,000 ($ 43,600) 

Depreciation per year        ft. 1,968,250 (t 26,250) 

k. 5,238,250 (• 69,850) 

Pay-out tise of the plant:    4 years and 3 months 

(Total assets/net profit fc depreciation:) 

•300,000 / t 69,850 
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?.    MANUFACTURE OF SULFA DRUGS 

Sulfa drugs arc  the widely used antimicrobial agenta 

to against infectious diseases«     In spite of the dominance  of 

the antibiotics,  the Sulfa drugs still retain an important 

place  in the chemotherapy of infectious diseases.    The anti- 

microbial spectrum of all sulfa drugs is essentially the  same« 

However,   on the basis of solubility and degree  of absorption 

from the gastro-intestinal tract,  the sulfa drugs can be  di- 

vided into two broad classes,  namely those employed for sys- 

temic chemotherapy and those intended only for intestinal 

chemotherapy.    Sulfa drug of the  first  category includes sul- 

fonanilaaide,  sulfadiazine,  sulfamerazine,  sulfamethazine, 

sulfamethoxine,  sulfisoxazole, and sulfamethoxypyridazine, 

etc.     Sulfadiazine is  the  single sulfa drug most widely em- 

ployed at the present when the systemic antibacterial ac- 

tions  of these agents are  desired.    And,   sulfamethoxypyrida- 

sine has an exceptionally long duration action for a sulfo- 

namide • 

On the other hand,   certain insoluble sulfa drug con- 

geners,   such as succinylsulfathiazole  (sulfasuxidine),  and 

Sulfaguani dine, are poorly absorbed from the gastrointesti- 

nal tract,   to be employed only as an intestinal chemothora- 

peutic agent. 

The annual consumption of various sulfa drugs is esti- 

mated to be 60,000 kg.  in Iran, and 220,000 kg. in the three 

RCD countries.    At a production capacity of 60,000 kg. per 

year,  it is not an economic scale of production.    So,  it is 

better to set up a sulfa drug plant in Iran,  with an annual 
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production of 200,000 kg. of three kind« of representative 

sulfa drugs  for meeting the demands of throe RCD countries. 

In the sanctioned plant,  other sulfa drugs may also be pre- 

pared by using general method of manufacturing.    It will pro- 

vide 50,000 kg.  of sulfadiazine,  sul fame thoxypyridatine and 

sulfaguanidine  for domestic consumption,  and the surplus 

plant will be exported to other RCD countries. 

The  total assets  (capital expenditure)  of the plant 

will be ft.  71,250,000 (US S 950,000)  (Table  15-2).    The total 

sales is expected to be flu   155,890,000  ($ 2,078,000) per year. 

A yearly gross profit is estimated to be ft.  31,262,000 (• 

*H6,830).     If we count 1056 of total sales as the net profit, 

it will have an amount of ft.  15,589,000  ($ 207,850) of net 

profit per year  (Table  15-if).    And,  it will yield a pay-out 

of the plant in 3 years and k months,   (Table  15-5). 

Procedure of Production 

P-Acetaminobensenesulfonyl chloride, made by treating 

acetanilide with chlorosulfonic acid, is the basic interme- 

diate of all the sulfonamides. This is treated with the de- 

sired amine in presence of a weak base such as pyridine, and 

the resulting acetyl compound is hydrolytically dcacetylatod 
by treating with acid. 

Sulfadiazine is prepared by reacting p-aoetaminobenso- 

nesulfonyl chloride with 2-aminopyrimidine in the presence of 

pyridine,  then spliting off the acetyl group by hydrolysing 

with hydrochloride acid.    Sulfamethoxypyridasine is prepared 

by using 3-amino-6-methoxypyridine for the condensation with 
the sulfonyl chloride. 



7 *e^ mmm 

- 73 - 

For the preparation of eulfaguanidin«, p-aninobensene- 

eulfony1 chloride is reacted with guanidine nitrate, and than 

hydrolyiod with hydrochloric acid. 

TlJlt 1?-1    *    »»» Materiale Required for Hanufaeturln» 
Sujfa Drufia 

Acetanilide 

Chloroaulfonic acid 

2*A»inopyrinidine 

3-Aa)ino-6-aethoxypyridasine 
Ouanidine nitrate 

Pyridine 

* Hydrochloric acid 

Sodiua carbonate 

Active  charcoal 

* Ithyl aloohol 

Mote»    Raw aateriala Barked with asterisk (•) are available 

in Iran,  the rest ahould be imported. 

Tabla 15-2    -    Total Aaates Sulfa Drugs Plant 

Annual production: 200,000 kg. of sulfadlasine, Sulfa. 

aethoxypyridasine and Sulfaguanidlne 

Und (11,2*»0 M2) ft.    2,250,000 (USI    30,000) 

Buildings (MOO M2) 11,025,000 (    I H7,000) 

Machinery t équipaient ^fOOOjOCi (    I WO.OOO) 

traction and Start-up 3»75O,0O0 (    f    50,000) 
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Servio«« 

Working capital ft oth«r« 

1,875»0OO    (•   23,000) 

16,350,000    (I 218,000) 

ft, , ?1|25O,0OO (f 950,000) 

9**1« 15-3« - Cost of Production < tf Su^fadiaiine 

Par Kilogran 

Raw Material« ft» 210 

Otilitiea (electricity, 
fuel, Ir water, etc.) 70 

Machinery depreciation It 
Maintenance 3« 

Labor, direct a indirect *5 

Taxe« It insurance 22 

Overhead 95 

ft, Wo (I 6.MA«. 

Coat of production of sulfadiasine Tab. (0.5 0u.)*ft.0.88A*b# 

**»!• 15-3H   -   Coat of Production of Sul fa^thoxrPTrl dallât 
Per Kilograa 

Raw Material« ft. 273 

utilities (electricity, 
fuel, ft water, etc.) 60 

Machinery depreciation ft 
naintenanoe 65 

Labor, direct ft indirect 36 

Taxe« ft insurance 28 

Overhead 116 

ft. 600 (I 8.0)A«. 
Cost of production of «ulfanethoxypyridaiine tab.i ft.0.96/tab, 
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Per Kilogran 

Ka« Materials Ik.    60 

Utilities (electricity, 
fuel, it water,   etc«) 20 

Machinery depreciation & 
maintenance 12 

Labor,  direct St indirect 18 

Taxes & insurance 8 
Overhead * others 26 

»• 1M» (t 1.92)Ali 

Cost of production of sulfaguanidine tab«: ». 0.66/tab, 

fable 15-4   -    Estimated Profit for Sulfa Drugs Plant 

Annual production: 200,000 kg. 8ulfa drugs 

(I)    Sulfadiazine   (SD) 

(II)    Suif ame thoxypyr ida- 
Bine  (SMP) 

(III)    Sulfaguanidine   (SO) 

.(1). 

For Iran      Exportation for       Total 
———     Pakistan & Turkey   ____ 

25,000 kg. 75.000 kg. 100,000 kg. 

10,000 kg. 

15,000 kg. 

30,000 kg. 

45,000 kg. 

40,000 kg. 

60,000 kg. 

50,000 kg. 150,000 kg. 200,000 kg. 

Total Sales 

(I)(a) SD powder 82,500 kg. (4,500 kg. are supplied 

to domestic «anufacturers & ?8,000 kg. for 

exportation)  x *.600  (t 8.00) = *.49,500,000 ($660,000) 

(b)    SD tablets  (0.5 Gm.) 35,000,000'S x 
*.   1.1 i.38,500,000 (1513.340) 
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(II)U) SMP powder 33*000 kg. (3,000 kg. 

are supplied to domestic aanufae* 

tarer» It 30,000 kg. for exporta- 

tion) x Ik. 730 (I 10.00)   « ft. 24,750,000 (t 330,000) 

(b) SMP tableta (0.5 On.), 

14,000,000'S x Ik. 1.2 Ik. 16,800,000 (I 224,000) 

(IllXa) SO powder 49,500 kg. (4*3 kg. are 

supplied to domestic Manufac- 

turers li <»5.0 kg. for exporta- 

tion) x Ik. 180 (f 2.if)    * ft* 8,910,000 (I 116,600) 

(b) SO tablets (0.3 On.) 

21,000,OOO'8 x Ik. O.83 

(2) 
Coats of production  » 

(I)(a) SD powder, 82,300 kg. x 

Ik. 480 (I 6.4) 

(b) 8D tablets, 35,000,000'S x 
».0.88 

(II)(a)    SMP powder,  33,000 kg. x 

Ik. 600 (| 8.0) 

- Ik. 17,430,000 (f    132,400) 

».155,890,000 ($2,078,540) 

- Ik. 39,600,000 (i    328,000) 

• ft. 30,000,000 (I    410,670) 

• ft« 19,800,000 ($    264,000) 

<b) SMP tablets, l4,000,OOOxft.0.96« ft. 13,440,000 (I 179,200) 

(IlD(a) SO powder, 49,300 kg. x 
ft. 144 (t 1.92) « ft.    7,128,000 (1      95,040) 

(b)    SO tablets,21,000,000'Sx*.0.66«= ft. 13,860,000 ($    184,800) 

».124,628,000 ($1,661,710) 
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Satiaated yearly cross profit(3):    ft. 31,262,000    (I ^16,8JO) 

Estiaated yearly net profit^»        Ik« 15i5«9,000    (I 207,850) 

Note:  (1) 

(la) Selling price of SD powder:      ft. 600 ($ 8.0) 

(lb) Eatiaated aarket priée of 8D tab.(0,5 On): *.1»5 

Wholesale prioe (75Jf «arket price):    1.1,1 

(IIa) Selling price of SMP powder:      ft. 750 ($10.0) 

(lib) Eatiaated aarket price of SMP tab.(0.5 Oa): I*. 1.6 

Whole aale prioe (73% aarket prioe)     : to. 1.2 

(Ilia) Selling price of SG powder:      ft* 180 ($ 2.<t) 

(Illb) Eatiaated market price of SO tab.(0.5 Gm): ».1*1 

Wholesale price (755t market prioe):    ».0*83 

(2) Costs of production of sulfa drugs and their prepa- 

rations, Cf. Tables 15-3a, 15-3b, 15-3«. 

(3) Estiaated yearly gross profit « total sales * total 

costs of production. 

CO Estiaated yearly net profit = 10*J total sales. 

Table 15-5 - Pay-Out Tlae of Sulfa Drugs Plant 

Estiaated yoarly net profit per year «.15,5^9,000 ($207,850) 

Depreciation per year 6.300,000 (I 84,000) 

»•21,889,000 ($291,850) 

Pay-out tiae of the plant:        3 years and 3 aontha 

(Total assets/net profit It depreciation:) 

$ 950,000 / t 291,850 
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8.    MANUFACTURE OF ASCORBIC ACID (VITAJt» C) 

A 

Ascorbic acid or Vitamin C is necessary for the preven- 

tion and eure of the deficiency disease scurvy.    Aneaia is a 

coa«on oocurenoe in scurvy.    Vitamin C is essential for the 

healing of bone fractures and wound healing and is also a fac- 

tor in resisting infection.    In modern therapy,  Vitamin C pre- 

parations are widely used either as the curative or the preven- 

tive agent for those Vitamin C deficiency cases. 

This Vitamin occurs naturally in many plants,  vegetables 

and fruits. It was firstly obtained from the extraction of plant 

materials.    But now it  is produced on an industrial scale by the 

organic synthetic method.    The synthetic process starts with 

glucose  or D-Sorbitol and the latter is converted to ascorbic 

acid through six subsequent steps.    Raw materials  for tho manu- 

facturing ascorbic acid are mostly common in nature and easily 

obtained cither from the local market or by importation from 

other countries. 

Vitamin C is one  of the widely used vitamins.    Tho con- 

sumption amount of this vitamin is estimated to be 20,000 kg. 

per year in Iran, and 70,000 kg.  in the three RCD countrios. 

At a production capacity of 20,000 kg.  of ascorbic acid per 

year,  it  is still not  large enough for an economical produc- 

tion.    Thus, it is botter to set up an ascorbic acid plant with 

annual production of 70,000 kg.  for meeting the  demanda of the 

three RCD countries,   of which 20,000 kg. for tho domestic con- 

sumption in Iran, and 50,000 kg. may be exported to Pakistan 

and Turkey. 
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The total assets of the plant is estimated to be 

ft. ^5,000,000 (US i 600,000),(Table 16-2). The value of out- 

put (ft. 63,000,000) will be much greater than tho value of 

input. The yearly gross profit is estimated to be Rials 

15|75O,00O (J 210,000).  If we count 20* of total sales as 

the net profit, it will have Ms. 13,600,000 ($ 178,000) as 

the net profit per year (Table 16-4). And, it will yield a 

pay-out for the plant in 2 years and 7 months (Table 16-5). 

Procedure of Production 

One process in common use of the synthesis of ascor- 

bic acid starts with D-glucose which is converted to D-Sor- 

bitol by hydrogénation in presence of a Cu-Cr catalyst. The 

D-Sorbitol in aqueous solution is converted by the action of 

the micro-organism, Acetobacter suboxydans to L-sorbose, 

which is a ketose. The L-sorbose is then condensed with 

acetone by means of Sulfuric acid to form diacetone sorbose. 

The diacetone sorbose, after suitable purification, oxidized 

by potassium permanganate in aqueous alkaline solution and 

then hydrolysed with water at boiling temperature forming 2- 

keto-L-gulonic acid. This acid is esterified with methanol 

and an intermediate Sodio compound is formed with sodium 

•othoxide. Hydrolysis with aqueous HCL in presence of nit- 

rogen removes the methyl group and sodium and lactonises it 

yielding the final product, ascorbic acid. 

Tabls 16-1 - Raw materials Required for Manufacturing 

Ascorbic Acid 

D-Sorbitol 

Acetobacter suboxydans, strain 
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* Sueroso 

LactOSe 

* OluOOSS 

* AMioniuji sulfate 

Sodium citrat« 

Sodimi phosphate 

* Grain extracts 

* Caleiua carbonata 

Acetone 

* Sulfuric acid 

Potassium permanganate 

* Sodiua hydroxide 

Ethylenedlaaine-tetraaoetate  (IOTA) 

* Hydroohloric acid 

Nitrogen,  liquified» «to« 

Motet    Raw Materials marked with asterisk (•) are avail- 

able in Iran; the rest should be imported fro« 

other countries. 

Annual production: 70,000 kg. 

Land ».    3i75O,000 (usi  90,000) 

Buildings 7,500,000 (    1 100,000) 

Machineries It equipment 22,900,000 (   t 300,000) 

Ire et ion It start-up 5,750,000 (    t    50,000) 

Services 1,900,000 (    t    20,000) 

forking ospitai and 
niecellano cms 

6,000,000 (    1    80,000) 

ft« %5,000,000    (    I 600,000) 
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**Wt  1^    "    C"*  9t **Q**W " Aaaorbi« Aalé 

Haw materiale 

Otilitit. (eleotricity,  fuel, 
and «atar, etc.) 

Machinery depreciation ft 
maintenance 

Labor, direct ft indirect 

Taxea and insurance 

Overhead ft others 

*. 187.5 

6Q.0 

63.8 

15.O 

75.0 

fc. <>50.0/kc. 

Costa of production oí aseorbie acid preparations! 

Ascorbic Acid Tablets (100 »f.):   ft, 0.l8/tab. 

Ascorbic Acid Injectiont *.2<t.0 /box 

(100 ag/2 al., 100 aapoules eaeh box) 

Tf»Hf 1H» * Estimated Profit fro« Aaaorbic Acid Plan*. 

Annual production: 70,000 kg. Ascorbic acid 

5,000 kg. aupplied to othor dosestic manufacturera 

for their procoaeing} 

15|000 kg. provided in the forma of preparation} 

Tablets (100 ag.), 75|000,000 pes| 

Injections (100 ag./2 ml., 100 nap. each box): 

375,000 boxes. 

50,000 kg« for exportation to other member« 

of the BCD countries, Pakistan and Turkey. 
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Total Salea:(1) 

55fOO0 kg. Ascorbio «old x ft.600 (18,0)  • ». 33,000,000 (* *f*»0,000) 

75,000,000'S Tab,   (100 ag.) x I*. 0.2*»      « ». 18,000,00o (I 2^0,000) 

375t0O0 boxes of Inj.(100 ag./2al., 

100 aap.  each box) x lb. 32 » ». 12,000,000 (« 160,000) 

». 63,000,000 (I 8<»0,000) 

(2) 
Cotta of Production: 

55|000 kg. Ascorbic acid x ft.%50 (16.0) - ft. 2^,750,000 (8 330,000) 

75|OO0,0OO»S Tab.   (100 ag.) x ft. O.I8      « ».  13,500,000 (« 180,000) 

375.000 boxes of injection x ft. 2If « ».    9,000,000 (S 120,000) 

». 47,250,000 (S 630,000) 

latiaated Yearly Gross Profit»*5' ». 15,750,000 ($ 210,000) 

latiaated Yearly Not Profits », 13,600,000 (Z  178,000) 

Note: 

(1) Selling price of ascorbic aeid: ».600 (18.0) por kg, 

latiaated aarket price of Ascorbic acid Tab.:».0,32/tab. 

Wholesale price (75* aarket prico): »,0.2Vtab. 

latiaated aarket price of Ascorbic aeid Inj. ft. 42/box 

Wholesale price (75* aarket prioeît », 32A0X 

(2) Costa of production: 

Asoorbic acid in bulk: ft. 450 (t 6.0) 

Ascorbic Tab.: ft. 0.l8/tab, 

Ascorbic Acid Inj. : ft. Zk/bo* 
(cf. Table I6-3) 
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(3)   latlaatad yearly groe« profit - total Mite - total 
eoata of produetioa 

(k)   Batiaatad yearly net profit:    20* tot«! tala» 

taina i»-s  - nyfut *Hf ftr AttwMt mi fi^t 

latiuttd Mt profit par ytar   fc, 13,600,000   (I 178,000) 

Dapraeiatioa par yaar 4,«»62,300   (•    59,500) 

»,18,062,500    (• 237,500) 

Pay-out tiaa for tht plant t 2 yaara and 7 aoatha 

(Total asatta/aot profit It dopreeiatioat) 
I 600,000 / t 237,000 
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MANUFACTURE OF CALCIFEROL  (VITAMIN D.) 

r 

Calciferol,  or ergocalciferol is known as Vitamin D_, 

and like other forms of Vitamin  D,  it exhibits both anti- 

rachitic and calcémie effects.     In former days,  the  cod liver 

oil and other fish liver oils were used for their contents of 

Vitamin A and D.     It offers the  advantages of being relatively 

inexpensive,     the  disadvantage  of the  large volume  dosage in 

comparison with concentrates, and other pure  vitamin A and D 

preparations.    Pure vitamin D2 or D    (cholecalciferol, acti- 

vated 7-dehydrocholesteral) is mostly recommended in modern 

therapy as  the preventive and curing agents  for vitamin D de- 

ficiency cases.    Addition of vitamin D to appropriate foods 

has been an important factor in the prevention of any impor- 

tant degree  of rickets in many countries.    Vitamin D milk has 

boon of particular importance of  this respect,  because of its 

use for infant  feeding, during the stage of growth most sus- 
ceptible to rachitic change. 

The annual  consumption of  calciferol  (vitamin D_) is 

estimated to be  100 kg. in Iran and 500 kg.  in the  three RCD 

countries.     It is suggested to set up a calciferol plant/unit 

with an annual production capacity of 100 kg»  of crystalline 

calciferol,   of which 50 kg. are  supplied to other domestic 

manufacturers  for their processing and also for enriched 

foodstuffs,  and 50 kg. are provided in the forms of tablets, 

oily solutions and injections.    The total assets of the sanc- 

tioned calciferol plant/unit will be only Rk.  6,000,000 (US Z 

80,000),   (Table  17-2).    The value   of output will bo approxi- 

mately four times greater than the value of input,  because 
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the calciferol is a product of high price.    The yearly gross 

profit is expected to be fc.  6,322,500 ($ 8^310).    If we 

count 20* of total sales as the net profit,  it will have Rk. 

^,738,000 (« 63,176)   of net profit per year (Table 17-^). 

The expected profit  from this project is anyhow attractive. 

It will yield a pay-out of the plant/unit in only one  year 
and 2 months (Table  17-5). 

Procedure of Production 

Vitamin D2 may be obtained from natural sources such 

as fish liver oils or prepared synthetically.    The plant 

sterol,  ergosterol is  the preoursor of vitamin D . Ergoste- 

rol is activated to Vitamin T¡2 by irradiation of its alcohol, 

ether or bensene solution in a concentration of 20JÉ with ul- 

tra violet light at the wave length between 275-300 cm.     for 

about ton hours.    Thore is a large portion  (around 60#)  of 

ergosterol transformed to irradiated product,  which should be 

separated from other  inactive neighboring  substances.  It  involves 

a series of chemical compounds in the operation,  only one of 

which is active as vitamin,    upon prolonged irradiation,  the 

vitamin D formed is destroyed, and a toxic substance,   toxi- 

aterol is produced.     The amount of toxisterol formed is depen- 

dent in part upon the  solvent used.    Thus  it is important that 

the irradiation process be  carefully controlled,  both from 

standpoint of obtaining the high yield of vitamin D. and of 

preventing the  formation of toxiferol.    Vitamin D_ may bo se- 

parated from other impurities (inactivo substances) and puri- 

fied by passing its bensenic or ethereal  solution through the 

Chromatographie columns of activated alumina.    The adsorbent 

is «luted with bencene and finally the pure vitamin Dp  is 

obtained by crystallisation fres bensenic solution. 
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fatti 17*1 - ^F frïtrfrlf ImiM fyr HwnftflirlM 
Vltasla Do 

Irgosterol 
It her, anhydrous 
Bensene 
Activated aluaiaa for chromatography 

Ret« i Raw aaterlal« should he isported fro« other 
countrie«. 

Tabi« 17-2   -   Total Assets for Calciferol (Vitasin Oj) 

Plant/Unit 

Annual production:  100 kg. (k Billion a»ga units) 

calciferol 0.25 «f. • 10,000 U 

Load ft*     375,000 (U8| 5*000) 

Buildings 1,200,000 (    I 16,000) 

Machinery 1 équipaient 2,850,000 (    f 38,000) 

£r«ction t start-up i>50,000 (    S 6,000) 

Services 375*000 (    I 5|000) 

Working ospitai * others 790*000 (    t 10,000) 

ft« 6,000,000    (    t 80,000) 



ft. 15,000 (t 200) 

M50 (1 5*0 

*,500 (t 60) 

3.300 (• kk) 

750 (* 10) 

6,150 (1 82) 
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Tabi« 17.1   -        Coat of Production of Calciferol 

Por kg. 

Kav Materials 

Otilitis« (electricity, 
fusi,  li water,  oto«) 

Machinery depreciation ft 
Maintenance 

Labor, direct It indiroot 

Tax«* ft insurance 

Overhead ft other 

ft. 33*750     (• 450)Af. 

Cost of product i on of «aleiftrol preparation« : ». 33*75 (lO.^VOn. 

Calciferol Tab.  (50,000 U)i ft. 1.0 eaeh tab. 

Calciferol Inj.  (500,000 U/»l.,  10 al.vial): ft. 24/Tial 

Table 17-»   -    Istinated Profit  fro« Calciferol Plant/Unit 

Annual production:    100 kg. crystalline calciferol 

(a) 50 kg. are supplied to other doaestio aanufao- 

turers for their processing j 

(b) 10 kg. are provided as 8,000,000 tablets 

(50,000 0 each tablet); 

(c) *X> kg. are provided as 320,000 vial of injec- 

tions (500,000 U/nl., 10 al. vial) 
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Total Sal««: 
(1) 

(a) 50 kg. Calciferol x »,45,000 
(S600)  » ft.    2,250,000 (3    30,000) 

(b) 8,000,000 tablets x ». 1,%    » ft.  11,200,000 ($ 149,340) 

(e)    320,000 rials x ft. 32             « ft. 10,240,000 ($ 136,5^0) 

*. 23,690,000    (t 315,880) 

Coata of production: (2) 

(a) 50 kg. Calciferol x ».33,750 
($450) - ft. 1,687,500 (|    22,500) 

(b) 8,000,000 tableta x ». 1.0    « ft. 8,000,000 ($ 106,670) 

(c) 320,000 viale x ft. 24 - ft. 7,680,000 (f 102,400) 

Eatieated yearly groaa profits 

Cstiaated yearly net profit»*  ' 

(3) 

». 17,367,500    (* 231,570) 

ft.    6,322,500    ($    84,310) 

ft«    4,738,000    (S    63,176) 

HotaiOKa)    Selling priée of Calciferoli ft. 45,000 (I600)/kg. 

(b)    Estimated aarkot price of Calciferol tab.:ft.1.8/tab. 

•holeaale price  (75* market price):      ft.1.4/tab. 

(0)    Estimated aarket price  of Calciferol in.:  ft.42/yial 

•holeaale price (75* aarket price): ft.32/vial 

(2) 

(3) 

(4) 

Coata of production of Calciferol and ita prepara« 

tions,  Cf. Table 17-3. 

Eatiaated yearly groaa profit * total salea - 

total  costs of production. 

Istiaoted yearly net profit « 20* total sales. 
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UMt 17"?    *   P»-Ottt Ti- of Cilalf»ral PUnt/OUt 

latimttd Mt profit ptr ytar     ft« *,73ê»00O   (i 63,176) 

Depreciation ptr yoar %50,000    ($   6,000) 

5,188,000   (I 69,176) 

Fay-out of tho plant! 1 y«*r and 2 aontha 

(Total »«Mta/not profit i daprooiation) 
• 80,000 / I 69,176 
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10.     MAKÜTACTÜRI OF DlXTBOfll (P-OLPCOSl) 

Glucose la a sugar usually available in comaerco in two 

foras:  liquid glucose is known as syrup glucose and orystal- 

llsed D-glucose is known as dextrose.    There is only pure, 

crystallised dextrose (D-glucose) being recoaaended for the 

pharmaceutical uses«    In the therapy,  dextrose is given in all 

conditions associated with insufficiency of carbohydrates«    It 

provides a rapidly source  of energy«    Dextrose powder or with 

vitamins are provided for oral administration and dextrose in- 

jection is for tho parenteral use«    It  is also used to supple« 

aent the sugar content of cow's milk or of ailk powder in in- 
fant feeding. 

According to in fornati on compiled by the Iranian Custoa 

Office,   the annual importation of glucose aaounted to 3,862 

tons in 1965,  and 2,V?0 tons in 1966.    By the tera "glucose", 

it included both dextrose and liquid glucose«    The annual oon- 

suaption of dextrose is estimated to be 50O-80O tons in Iran. 

The productive capacity of the sanctioned dextrose plant 

will be 500 tons, of which 200 tons are supplied to other do- 

aestic manufacturers for their processing, and 300 tons are pro- 

vided in powder fora (with or without addition of vitamins) for 

oral administration.    The total sales of dextrose plant is esti- 

mated to be ft. 45,000,000  (US t 600,000)  (Table 18-2).    The 

value of out-put is almost the saae as the value of input«    A 

gross profit is ostiaated to be ft« 10,800,000 ($ 1M*,000)« If 

we oount 20* of total sales as tho net profit, it will have a 

nst profit of ft« 9,160,000 (Î 122,134) per year (Table 18-M« 

It will yield a pay-out for the plant in 3 years and 5 months 
(Table I8-5). 
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There  is a liquid glucose plant, the Glucose and Staroh 

Factory of Iran, which was built at Tehran in 1965, producing 

about 2,000 tona of liquid glucose per year.    It is suggested 

that the liquid glucose plant,  with additional equipment to 

its existing facilities of machinery and installation,  could 

produce 500 tons more of pure,   crystallized dextrose. For the 

expansion programme, the additional equipment and installation 

at a cost of I*.  7,500,000  (US 3 100,000) will be required. 

Procedure of dextrose production 

The industrial scale of dextrose production starts with 

starch by hydrolysis.    The starch is mixed with 10 times its 

weight of dilute sulfuric acid at 5#,   the mixture is heated in 

an autoclavo  to about 105-110°C.    The   temperature  is maintained 

at this point   for about an hour more  or until tests show the 

complete disappearance of starch.    After acid hydrolysis,  the 

material is neutralized with calcium carbonate,  filtered,  then 
dooolorized with charcoal or bone-black. 

For manufacturing pure dextrose,   it ia necessary to 

purify tho  dextrose solution from hydrolysing by passing ion- 

•xehange rosin columns prior to vacuum concentration.    The 

ooncontrated  dextrose solution is then introduced into crys- 

tallizer for  crystallization.    The crystal dextrose is sepa- 

rated from mother liquor after centrifuging,  purified by re- 

crystallization from alcohol (90*) twice, and finally dried 

in the steam-hoated rotary tubo-dryer. 

In the  manufacture of dextrose,   it is necessary to 

operate in a closed system.    All manipulations as separating, 

collecting and drying of dextrose crystals should be undertaken 
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la a aeparatod working area of filterod air la ordar to pre- 

vent the product fro« any contaaination by bacteria, solda 

and other aioro-orfanisas. 

Table 18-1    -    •«» norial* Bo quired for Haauf* otWJM 

MÜ2M 

Staroh,  oorn 

* Sulfuric acid 
* Calciua carbonate 

Active charcoal, deooloring 

Ion-exchange resin* 

* Ethyl alcohol 

lata: Material* «arked tith a*t*riak (•) are available la 

Iron» the rest «hould be imported froa other ©ouat- 

riee. 

.    Total Aaaeti for Dertroaa Plant 

Land (10,000 N2) ft.    2,025,000 ($    27,000) 

Building* (57,500 M2) 9,375,000 (I 125,000) 

Machinery l> equipaent 22,500,000 (« 300,000) 

traction a *tart-up 3,750,000 («    50,000) 

Sarvieaa 750,000 (•    10,000) 

forking capital I other* 6,600,000 (t    88,000) 

Total ft«  1*5,000,000    (t 600,000) 



- n - 
4     « 

law Material« ft. * 

Utilities (eleotrioity,  fuel, 
and water, tto.) 6 

Naohlnery depreciation and 
Maintenance 8 

Labor,   direct a indireot k 

Taxes and inaurano« 1.3 

Overhead and other« 5.5 

ft« 60.0 

Paekine; charges 10.0 

ft. 70.0/kf. 

tk     -      JgtiMted Profit fro» Dextrose Plant 

A 

mm 

Annual production:    500,OCX) kg.  dextrose 

(a) 200,000 kg. supplied as basic drug, to other 

domestic Manufacturers for their processing; 

(b) 300,000 kg. provided in the for« of dextroee pow- 

der (with or without vitaain«)  for oral u«e. 

Total «alts i 

(a) 200,000 kg. x ft. 88(1a> « ft. 17,600,000   ($ 23^,670) 

(b) 300,000 kg. x li. ?AClb) - ft. 28,200,000   (Í 376,000) 

ft. ^5.800,000   (I 610,670) 
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Costi of production: 

(a) 200,000 kg. x ft.70(2)   «     ft. 1^,000,000   (S 186,670) 

(b) 500,000 kg.  x Sk.?0(2)    *      ft. 21,000,000    ($ 280,000) 

ft. 35*000,000   (I 1*66,670) 

latiaated yearly gros« profit*3*:« li. 10,800,000    ($ 1M»,000) 

latiaated ytarly Bat profit(lf):    = ft,    9,160,000    (S 122,13*0 

Nota:   (1a)    Sailing price of dextroae powder: ft« 88/kg. 

(1b)    latiaated market price of daxtroae 

powder for oral uae: ft. 125/kg* 

Wholeeale price (75% aarket price): ft.9Vkg* 

(2) Coat of production of dextroae (Table 18-3)» ft*70Ag. 

(3) latiaated yearly groes profit * Total salea - 

total costa of production 

(k)      latiaated yearly net profit: 20* of total aalaa. 

-     Pay-out Tj«a for Dextroae Plant 

latiaated net profit per year ft« 9,160,000    (f 122,13*) 

Depreciation per year *, 000,000    (ft   53,33*) 

ft. 13,160,000   (I 175»*68) 

Pay-out tiae for the plant: 3 years and 3 aontha 

(Total aaaota/net profit It depreelationt) 

(I 600,000 / S 175,*68) 
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Aaoag the above Mentioned taaio drug plants to be sanc- 
tioned in Iran, the priority of eatabliahing plant« ia recos- 
•tnded aocording to the value of output and the profitableneaa 
of the planta aa follows: 

Frio* 
rity 
order 

Sanctioned 
Piente 

Annual 
Production 

Totti 
Asset» 

Satinateci 
Yearly out- 
put U.S.! 

Eatlasted Pay-out 
Yearly     tiae of 

net pro-   pianti 
fit USt     year- 

aonth 

1 Tetracycline 
plant 

10,000 1,200,000 1,277,600 255,52« 3-2 

2 Chlorampheni- 
col plant 

6,000 500,000 872,3*0 158,468 3 

3 Penicillin * 
procaine 
plant 

15,000 la. 
(20 HMU) 
10,000 Pr, 

2,600,000 2,818,760 563,752 3 

k Streptomycin « 
Vitaain B12 

10,000 
Str. 
8 V.B12 

1,1*00,000 1,735,7<K) 260,360 3-8 

5 Calciferol 
(Vit. Dg) 
plant 

100 80,000 310,880 62,770 1-2 

6 Yeast plant 5,000,000 1,200,000 1,560,000 312,000 3 

7 Aaeorbio acid 
(Vit. C.) 
plant 

70,000 600,000 775,000 155,000 2-10 

8 Sulfa druga 
plant 

200,000 950,000 2,078,5*0 207,850 3-3 

9 P-Aainosali- 
cylic acid 
plant 

1*0,000 300,000 285,000 57,000 3 

10 Dextrose 
plant 

900,000 600,000 610,000 122,13* 3-5 
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CHAPTER    IV 

CONCLUSIONS AND RECOMMENDATIONS 

(1) Tht total importation of pharmaceuticals In Iran reached 

». 3,598,956,000 (USI 47,987,080) in 1966.    Tht domestic 

pharmaceutical production ranged between 6*5 - 8.1JÍ against 

the imported producta,  91.9# - 93«5# in 1963 through 1965. 

(2) It ia recommended that the iaportation of unneceasary 

proprietary drugs should be restricted and reduced to a 

•inimua amount without depriving the aedieal profession 

of essential life-saving drugs. 

(3) The processing capacity for pharmaceutical is slightly 

short in  Iran at the present.    Domestic pharmaceutical 

plants should be encouraged in producing more quality 

pharmaceuticals,  and also bringing their production up 

to the  full capacity.    It is recommended that four or 

more larger scale pharmaceutical processing plants,  with 

the capital coat of Rk.  187,500,000  (USI 2,500,000)  for 

each plant may be planned to set up  for meeting the full 

demands.     The total value of yearly output of thoae sanc- 

tioned plants is expected to be Rk,750,000,000-900,000,000 

(I 10,000,000 - 12,000,000). 

(4) Temporary moratorium on the establishment of new amali 

soale domestic plants and foreign pharmaceutical proces- 

sing planta should be declarad. 
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(5) At present, there ie no basic drug manufacture in Iran« 

The manufacture of basic drugs should be encouraged un- 

dsr ths Government's protective policy,   or under Govern- 

mental management and financed by the Government• Since 

the world prices of some basic drugs such as, acetylsa- 

licylic acid (aspirin),  p-aminoealicylic acid,  and sulfa 

drugs,   etc. are considerably low and the   costs of produc- 

tion for local manufacture are high,  fairly heavy protec- 

tion would permit the  joint venture manufacture of basic 

drugs in the RCD countries. 

(6) A modern drug control law should be enacted with provision 

for regulating the manufacture, distribution, and sale of 

drugs. Strict quality control inspection of all pharmaceu- 

tical products should be established. The regulation and 

oontrol of the pharmaceutical industry should be effected 

fro« the very beginning« An uncontrolled and irresponsi- 

ble pharmaceutical industry can do more harm than good to 

a country. 

(7) The central drug control laboratory should be reinforced 

for carrying its big responsibility to examine and test 

different batches of imported and domestic manufactured 

pharmaceuticals, 

(8) National pharmacopoeia is a collection of well recognised 

basic drugs and formulas with given standards,  methods of 

preparation,  test and assay,  etc.,  usually served as a 

guide book for drugs in medicine and pharmacy.    A nation- 

al Iranian Pharmacopoeia Committee should be organised 
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«moer the auspices of Government in preparing and issuing 

tilt firat edition of Iranian pharmacopoeia aa aoon aa pos- 

sible. 

(9) The uae of pharaaoopoeial offioial druge for preaoription 

by the physicians ahould be eneouraged. The uae of offi- 

oial drugs is «ore aafe and econoaie. 

(10) It is auggeated that the Iranian Qovernaent provide a fund 

for establiahiag a national pharmaceutical reaearoh insti- 

tute,  or otherwiae asking the collaboration of pharmacy 

colleges for carrying out the pharmaceutical research works. 

The research project «ill cover:   (a) basic pharmaceutical 

research;    fb)  domestic manufacturing of basic drugs}     (o) 

new drug research; and (d) now pharmaceutical produet de- 

velopment,  oto. 

(11) It is recommended that the Ministry of Economy could send 

the national counter-part of my programme to the U.S.A. by 

the United Nationa Fellowship grant for a period of one 

year to study at first hand the regulatory operation« in- 

eluding the pharmaceutical factory registration and inspec- 

tion system,  eto. 

(12) Feasibility studies on the establishment of some basic 

drug plants in Iran have been made. 

(a)   Plants of antibiotics and other produet« by fermen- 

tation i 
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1«    Penicillin and procaine plant, with annual production 

of 20 Billion mega units or 15,000 kg. of penicillina, 

«ill hart ita capital coat, ».195,000,000 (US Oollara 

2,600,000).    The value of yearly output is estimated 

to be ft. 211,1*07,060 (I 2,8l8,760), and yearly net pro- 

fit, ft.  42,281,400 (I 563,752).    It will yield a pay-out 

for the plant in 3 years and 5 «ontha. 

2, Tetracycline and Chlortetracycline plant, with annual 

production of 10,000 kg. of tetracycline and Chlortet- 

racycline, will have  its capital cost, ft. 90,000,000 

(• 1,200,000).    The value of net profit is estimated to 

be ft.  19,16*1,000 ($ 255i520).    It will yield a pay-out 

for the plant in 3 years and 2 months. 

3, Streptomycin and Vitamin B12 plant, with annual pro- 

duction of 10,000 kg.  of streptomycin and dihydro- 

atreptoaiycin,  as well as 8 kg. of vitamin B12, will 

have a  capital cost  of Ilk.   105,000,000  (• 1,400,000). 

The value of yearly output  is estimated to be Rials 

130,180,000 (f 1,735,740),  and net profit, Rials 

19,527,000 (t 260,360).    It will yield a pay-out for 

the project in 3 years and 8 months. 

4, Yeast plant, with annual production of 5,000 tons 

yeast in the forms of powdera and preparations,  will 

have the capital cost, Ik. 90,000,000 ($ 1,200,000). 

This is a project for the three RCD countries.    The 

value of output is estimated to be ft.  117,000,000 

(I 1,560,000),  and net profit, ft.23,400,000 (1312,000). 

It will yield a pay-out for the plant in 3 years. 
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(b) Plants of Synth«tic, drugs » 

5» Chloramphenicol plant, with annual production of 

6,000 kg. chloramphenicol and it« aster«, will 

have the capital cost, ». 37,500,000 (I 500,000). 

The value of yearly output is estimated to be 

ft. 65,^25,000 (• 872,3^0) and yearly net profit, 

ft. 11,885,000 (t 158,468). The pay-out tiae for 

the plant is 3 years. 

6. P-Asjinoaalicylic acid (PAS) plant, with annual pro- 

duction of 40,000 kg. of PAS, will have its capital 

cost ft. 22,500,000 (I 300,000). Besides the doses- 

tic consumption, there is the surplus aaount for 

exporting. Estimated value of output will be ft« 

21,375,000 (t 285,000), and net profit, ft.4,275,000 

(•57,000). It will yield a pay-out for the plant 

in 3 years. 

7. Sulfa-drugs plant, with annual production capacity 

of 200,000 kg. of sulfadiazine, sulfamethoxypyri- 

dasins, and sulfaguanidine, will have its capital 

oost, ft. 71,250,000 (• 950,000). This is a project 

for the three ROD countries. Estimated yearly out- 

put will be ft. 155,890,000 (t 2,078,54o) and net 

profit, ft. 15,589,000 (t 207,850). The pay-out 

tiae for the plant is 3 years and 3 months. 

8. Ascorbic acid (Vitamin C) plant, with annual pro- 

duction of 70,000 kg. of ascorbic acid, will have 

the capital cost, ft. 45,000,000 (I 600,000). This 
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is a project for the three ROD countries. The value of 

yearly output is estimated to be Ik. 58,125,000 (Dollars 

775»0O0), and net profit, «$. 11,625,000 (3 155,000). It 

«ill yield a pay-out for the plant in 2 years and ten 

•oaths. 

9» Calciferol (Vitamin D~) plant, with annual production 

oapacity of 100 kg., will have its ospitai cost, Sis. 

6,000,000 (3 80,000). Estimated value of output will 

be Ih. 23,690,000 (8 310,880), and net profit, Rials 

kt708,000 (3 62,770). It will yield a pay-out for the 

plant in only one year and 2 months. 

10* Dextrose (D-glucose) plant, with annual production of 

500,000 kg. of crystalline dextrose, will have its ca- 

pital cost, ft. ,*>5,0Cr,000 (3 600,000). The value of 

yearly output is estimated to be ».^5,800,000 (3610,670) 

and net profit, r¡. 9,160,000 (3 122,13*0, The pay-out 

time for the plant is 3 years and 5 months. 

(c) Drugs of vegetable origin: 

The top items of vegotable drug exportation cover li- 

quorice (glycyrrhiza) roots, gum tragacanth and aaafe- 

tida, etc. It is recommended that the liquorice roots 

for exportation are better processed into the forms of 

liquorice extracts and fluidextracts. It will be mors 

profitable for the exportation of those liquorice pro- 

ducts. 
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(A)   Drug« of animal origini 

No plants of animal product manufacture ean too ««tab» 

lished until tht large-scale slaughter houses aro 

available * 

(o) Plant* of biological producto 

The txpansion projtct of biological product« manufac- 

turing for tho Razi Inatituto may bo undertaken into 

consideration. Otherwise, the new sera and vaccines 

plant may be set up in producing »ore biological pro- 

ducts for human and veterinary uses. 

A big item of imports under pharmaceutical« is baby 

food, chiefly «ilk powders. The imports Mounted to 

*. 263,887,000 in 1966. It is suggested that the manu- 

facture of baby food (milk powder enriched with sugar, 

vitamins and minerals) from locally produced milk and 

other accessories may toe started at an early date« 

(13) Among the above mentioned basic drug plants to be sano« 

tioned in Iran, the priority of establishing plants is 

recommended according to the value of output and tho 

profitableness of the plants as follows: 



"O 

- 102 - 

Priori-     San otion«d     taml Total       Satinate*       I«ti»atad Pay-out 
ty or- Plant« Production   Aaatta       ïtarly «wt«   Ytarly       tiM of 
dtr kg« Uft f put 0.8.1       Mt pro-   plant, 

fit USI      yaar- 
J2B&. 

1 Totraoyclin« 10,000    1,200,000   1,277,600       255,5*0       3-2 
plant 

2 Chloraaphoal- 6,000       900,000       872,3*0       138,*»68 3 
ool plant 

P»ê 
3 Panicillin and   19,000 2,600,000 2,818,760  963,792   9 

prooaln« plant  (20 IMO) 
10,000 Pr. 

k     fltraptoaycin Ir   10,000 1,J»00,000 1,739.7*0  260,360  3-8 
Vitaaln B12    Str* 

Plant       8 V.Bi2 

9  Caloiftrol        100   80*000  310,680   62,770  1-2 
(Vit. Dz) 
Plant 

6 loaat plant   9*000,000 1,200,000 1,96O,«O0   312,000   3 

7 Aacorbic acid    70,000  600,000  775,000   155,000  2-10 
(Vit. C) 
plant 

8 Sulfa drug«     200,000  990,000 2,0?8,y»0  207,850  3-3 
planta 

9 P-Aalaoaali-     *0,000  300,000  285,000   97,000  9 
eylie aeid 

plant 

10  Doxtroat       900,000  600,000  610,000   122,13%   3-9 
plant 
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