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PREFACE

The Lima Declaration and Plan of Action on Industrial Develorment
and Co-operation calls for the share of developing ccuntries in total
vorld industrial production to be increased to at least 25 percent
ty year 2000. The world vroduction of pharmaceuticals in 1977 amounted
to US$ 64.52 billion out of which thz share of the develorinz countries
wvas only 11.43 percent. This reveals the wide gap that exists between the
current level of vroduction in develoving countries and the target in
the Lima Declaration. As national nealth »rogrammes zain momentum,
the demand for vharmaceutical products in the developing countries is
bound to increase and the main obJective of the oharmaceutical industry
in these countries is to make available the essential medicines

required for such social health programmes.

However, in most of the develovinz countries the pharmaceutical
industry is confined to formulation and packaging of drugs. The major
oroblems encounter2d by the develoving countries in the matter of
develorment of an integrated oharmaceutical industry and in moving to
the backward integration to the manufacture of active ingrediants are
the non-availability of the required technology as well as economies
of scale. In view of this the exchange of information on technological
capabilities and e perience amongst d=veloving countries assumes considerable

imvortance.

In many of the developvine couatries a number of drugs in relatively
small quantities are required. In such situations a multipurmose olant
would ve riore apnrooriate wherein a number of drues can be nanufactured
either sequentially or to some extent simultaneously using single/double
series of esquinment. The prcduct mix and capacity are ontimally talanced

to minimize initial investment a2nd vet to cover a trecad snectrum of

nharmaceutical chemicals., rrexihilisr {2z algn Y1t
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in the design to take care ¢’ the varying and ever changing demands of
the pharmaceutical market. Ir this design provision is made to increase
the cavacity substantially by marginal additional investment. In view
of this UNIDO is oromoting the conscent of multipurpose plant and one

such vlant is being established in Cuba under the ausvices of UNIDO.

In the light of atove and as a follow up action to the Regional
Seminar on the Industrial Application of “icrobiology in the Pharmaceutical
Industry which was held in Havana, Cubta in July 1979 and the Pharmaceutical
Meeting on the Production of Essential Drugs in Develoving Countries
which was held at Balatonfured, Hungary in Sevotember 1972, UNIDO in
co-overation with the Hungarian pharmaceutical industry together with
the Hungarian Chemical Industries Engineering Centre (VEGETERV)
orgzanized the Technical Consultation on the Production ©¢ Drugs in a

Multipurvose Plant.

The nurpose of the consultation was to provide information cn the
different orocesses involved in the oroduction of essential drugs and the
orojection of multipurpose plants to manufacture such drugs with a
vier to vromoting their nroduction in Jdevelon’ng countries at national
and regiocnal level in order %o attain self-sufficiesncy in essential

driges.
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INTRODUCTION

Consultants frcm Fungary presented pavers on the following topics:

-~ Application of Unit Processes in Organic Chemistry.
- Projecting cf Multipurpose Plants.

~ The technology of Ascorbic Acid.

-~ The technology of Chloramphenicol.

~ The technology of Suivhamethoxazole.

~ The technology of Trimethoorim.

~ The technology of Indomethacin.

~ The technology of Phencbarbital.

~ The technology of Phenylbutazone,

- The technology of Methrldopa.

~ The use of fermentation processes in the vharmaceutical
industry - technologies of Cyanocobalamine and Prednisolone.

- The technology of Penicillins.
- The technology of fentamyecin.
-~ The technoloey of Insulin and Hevarin.

- Fnergy suvvlies and nlant maintenance in the pharmaceutical
industry.

- The conditions of air and liguid sterilization in fermentation
processes,

- Formlation and nackaging of drugs.
- From the laboratory to the vnlant.

- Open systems apvroach of vharmaceutical assets,

A vrocess desigcn exercise was distributed to the narticivants
to be solved by different groups. The svokesmen from different groups

vresented the designs worked out by them.
During the presentation of the paners, the lecturers answvered
cuestions mut by the narticivants giving clarifications where necessary.

The summaries of the papers are as follows:




I.0rzanization of the Meeting

The Technical Consultation on the Production of Drugs in a
Muitivpurpose Plant which was held in Visegrad, Hunéary, fram 1 - 12 March 1982
was ovened by Mr, 0ddn Kallos, Presidecat of the Hungarian Chamber of
Commerce, Dr. Gydrgy Csfkvari, Director of the Hungarian Charmaceutical
Union and the representative of the Pharmaceutical Industries Unit, UNIDO,
also snoke a* the onening.

Adoption of the agenda

The agenda was adopted rith the addition of information on the
production o semisvathetic nenicillins to te provided by the Hungarian

experts,




IT. Surmaries of Paners

Application of unit processes in organic chemistry

The paper was presented by Mr. Jozsef Hay, Director of Vegyterv.
He discussed with the participants the important basic chemical
processes and unit operations which are frequently used in the
manufacture of synthetic drugs such as:

- Nitration

- Reduction

- Halogenation

- Sulfonation

- Oxidation

- Alkylation

- Esterification

- Bydrolysis ete.

and gave examples of the apolication of these vprocesses in the
manufacture of Chloramphenicol, Ascorbic Acid, Indomethacin,

Sulohamethoxazol etc.

During the discussion there were some zeneral questions arising
from the participants concerning the kinetics of the reaction,
orientation of substituted grouvs, heat exchange. Mr. Hay answered them

briefly.

A vrocess design exercis$e to determine the size of the oroduction

capacity for differert druzs to be solved by different groups was

distributed.




Frojecting of Multivurpose Plants

The paver was vresented by Dr. Istvan Szentpeteri, Head of the
Organic Division of Vegyterv and was followed by a presentation of
Mr. Laszl8 Brankowics , fead of Dept. at Vegyterv, on the architectural

and structural features of plant building.

Slides were projected which showed a typical multipurpose plant
designed 21d constructed in Hungary at various stazes of comstruction.
The special features of such a plant are that it consists of a main
central area, 12 m wide, flanked on both c¢ides by a 3 m pass way
wvhich also s=rves as emergency escape corridor and as housing for
electrical switch-gears, viving and e.ffluent waste water collection.
The building design consists of a eround floor, first floor at
4.8 m level and a mezzanine structure at 7.5 m level. The reactors are
mounted on steel structures at 4.3 m level and centrifuges, filters,
dryers etc. are installed on the ground level. Service tanks, coolers,
condensors etc. can be installed on the mezzanine. The outside
structure of the building can be of R.C.C. whereas inside structures
of the building are of steel. Flooring may be of steel or R.C.C. or

snecial svark proof cement concrete mix.

A tvoical size of the buildine could Ye of 18 m width and
48 m length, If more area is required, similar modules in 18 m W x 6 m L
may be added. At the end of the building, service area for recreation,

canteen, washing place, lavoratory and small work-shop is provided.

Tank batteries for bulk storage and transvort pumps are located on

one side of the building, whereas effluent waste water collection




and preliminary treatment systems sre located onthe other side of
the building. It is advisable to have nreliminary effluent treatment
facility for each unit process individually. Adequate ventillation
through side windows and forced exhaust duct system separately for
each module of 18 m x 12 m section of the vlant is provided so as to

achieve an air recirculation rate of 18 - 20 times per hour.

Mr. Laszld Brankowics narrated the history of architectural and
structural development of oharmaceutical plants in Hungary since the
early fifties to the oresent state with avpropriate slide projections.
It was emphasized that subsoil water lewel, convenience of raw
material transportation etc. are important for orover location and
design of vlant layout. Various asvects of olant design in consideration
of suoport of structures, regulatinns of Hungarian authorities
regarding the construction material for hazardous chemicals,
ventillation and standardisation of structural members such as

prefabricated columns, claddings, doors, windows etc. were discussed.

Both sessions generated excellent response from =11 participants

and invoked keen interest.

Manufacture of Vitamin C

The paver was presented by Dr. KXaroly Horvdth, Director of EGYT.

The manufacturing orocess which was explained was diviaed into

four separate steps:




ret sten: Transformation of sorbitol to sorbose by fermentation

using acetobacter suboxidans.

Second step: Transformation of sorbose to diacetone sorbose
synthetically with acetone and sulfuric acid.

Third step: Production of diaceto—kggogulonic acid by oxidation
with sodium hypochlorite, alkali and nickel sulfate
as catalyst.

Porth step: The production of vitamin C starting from
ketogulonic acid by acting with dichloroethane-
ethanol mixture.

The basic process, giving details of raw materials, material
balance, flow sheets and broad equirment details vefe presented. The
process is essentially a batch process. The participants were
informed that the plant was in overation until 1978 and since then,
the production has been discontinued on account of uneconomic size

and updating the technology.

The technolosv of Chloramnhenicnl

The paper vas presented by Mr, Istvan Ldm of EGYT.

The process description which included material quantities,
chemistry of the process and flow sheets was divided into the

following steps:

1. Preparation of oxymethyl compound from p-nitroacetophencne,
bromine, acetic anhydride, sodium bicarbonate, formic acid,

hexamethylene tetra amine, hydrochloric acid etec.

2. Pravaration of racemic aminodiol from oximethyl compound,

aluminium oowder, carbon tetrachloride and hydrochloric acid.




3. Preparation of active aminodiol from racemic compound by resolution

ith dimethylamide derivatives of dibenzoic-D-tartaric acid.

4, Preparation of chloramphenicol frca condensation of dichloroacetic

acid methyl ester and resolved amizodiol.

s. Purification, crystallization snd drying procedures were also

described.

The production processes of sulvhamethoxazole and trimethoprim

The papers were presented by Dr. Ivan Beck of EGYT.

The process details included manufacturing chemistry, raw material

requirements, orocess flowsheet, broad equipment, sizing of reactors

and was divided into various staszes as given below:

SULPHAMETHOXAZOLE

1. Preparation of crotonic nitrile frem allylchloride and sodium

cyanide in presence of copper as catalyst.

2. Prenaration of isooxazole from crotonic nitrile by bromination
and reaction with sodium sal* of hydroxy urea. Hydroxyl urea
is prepared from hydroxylamine sulfonic acid and ethylureathane.

3, Coupling of isooxazole with p-acetaminotenzene sulZcchloride
in vyridine medium. The sulfochloride compound is orepared

from acetanilide and chlorosulfonic acid.

L, The acetyl sulfa compound is deacetyloted using aikali

hydrolysis, the crude nroduct obtained by acidification.

S. Purification and crystallization steps are also described.




- 11 -

TRIMETHOPRIM

After a brief review of other process possibilities, the process

under production in Hungary was described as given below:
1. Trimethoxy benzyl alcohol is chlorinated with thionylchloride
to give the chlorinated compound.

2. Cyanoacetic ethyl ester is reacted with trimethoxy benzyl
chloride, followed by condensation with guanidine base in

vpresence of sodium methoxide to give 6 hydroxy trimethoorim.

3. 6 Hydroxy trimethovrim is converted to € chloro compound by
using ohosvorus trichloride followed by dehalogenation

using zinc and acetic acid.

L, Purification of crude product and drying process was described.

The technology of Iadomethacin

The paper was presented by Mr. Janos Tompe based on the production
orocess used in Hungary until a few years agzo. The oroduction however,
has since been discontinued on account of a very low production
cavacity. A brief account ¢of oresent and future trends in the non-
steroidal anti-inflammatory drug consumption in the world market
was discussed and it was mentioned that although other new drugs such
as Ibunrofen, NYanroxen etc. are gaining popularity, Indometracin

still retains a good share in the market.

The nrocess including chemistrv and material consumntion is

divided into the following stens:




1. Preparation of p-chlorobenzolchloride ‘rom v-chlorobenzoic

acid and thionyl chloride in pyridine medium.

2. Prevaration of p-methoxyphenylhydrazqfsulfonic acid-
sodium salt monohydrate by diazolization of p-anisidine with
sodium nitrite and acid. It follows reaction with sodium
sulfite and reduction with zinc and acetic acid using copver
sulfate as catalyst.

3. Preparation of crude Indomethacin by couvling v-chloro
benzol chloride with v-methoxy ohenyl hydrazo-sulfonic acid
sodium salt monohydrate using tertiary butyl alcohol and
sodium hvdroxide followed by reaction of the formed inter-
mediate with levulinic acid in presence of vhosvhoric acid

as catalyst in toluene medium.

L, The crude Indomethacin nroduct formed above is crystallized
from tertiary butanol after clarification with activated

carbon under nitrogen atmosohere, sentrifuged and dried.

The technolosy of Phenobarbital

The paper was oresented by Dr. Peter Lonyai, based on the nrocess

under oroduction in Hungary.

A short descrintion of different barbiturate comvounds was made
with emphasis- on the relation beween the structure of the compound

and its pharmacological effects.

The process descrivtion includes the chemistry, material balance
and time scale for different stages of the manufacturing process

and is divided into the following stevns:




1.

=

Preparation of nhenyl cyanoacetic ester, sodium salt - by
reaction of diethyl carbonate with tenzyl cvanide in presence

of metallic sodium using benzene as solvent.

Prevaration of sevenal ester (mixed ester of phenyl

cyanoacetic methyl/ester)from sodium salt of phenyl cyanoacetic
ester and ethyl bromide/methanol.

Ethyl bromide itself can be orevnared fram by-product sodium
bromide and alcohol in presence of sulfuric acid.

Sevenal ester so prepared is vacuum distilled at 12 - 1L torr,

155 - 1569C temperature.

Prevaration of phenobarbital from sevinal ester by
condensation with guanidine base followed by reaction with
sulfuric acid.

Purification and crystallization o® crude sevenal from active
carbon and ethanol. The final product is centrifuged dried
and packed. Alcokolic mother liguors are worked uo to give

further yield of Sevenal.

The technology of Thenylbutozone

The paver was presented by Dr. Joszef Telmer of Gedeon Richter

Pharmaceutical Works, Hungary.

The process is in »roduction in Fungary. A brief review of the

vroduction of this drug in various countries was ziven. However, it

vas commented that the statistical information was not reliable. Some

descriotions about other nossible chemical nrocesses for nrevparing

this drug were made. However, the most popular process in use in

most countries as in Hungarvr, was desceribed, including the chemistry,

material balance and ecuipment snecification. The orocess steps were

divided as follows:




of dimethyl malonsate from dimethyl

malonate and n-butyl bromide through sodium methoxigde.

Rectification of n-butyl malonic ester - methyl - by vacuum
distillation at 40 - 50 torr, 200°C.

Preparation of hydrazo benzene fram nitrobenzene by reduction
with Pd/C catalyst and fusion of two molecules in presence
of sodium methoxide.

Condensation of n-butyl dimethyl malonate with hydrazo
benzene in presence of sodium methoxide and sulfuric acid

to give crude product.

Crude phenylbutazone is clarified with carbon, crystalized
from ethanol, centrifuged and packed after dr.ing.

Sodium bromide formed in the first step is used to prevare

butyl bromide using n-butyl alcohol.

It was emphasized that because of the campetitive nature
of the market, it is necessary to recover all solvents and
sodium bromide, as ethyl/butyl bromide to be recycled in

the process.

The technology of L-Alpha-Methyidooa

ThLe paper was presented by Mr. Janos Tomove of EGYT, The technoloay

1.

described is based on the nrocess vatented by M/S Boehringer, Ingelheinm,
Germany. A brief review of some possible chemical reactioas for
synthesis was given. However, the process in vroduction in Hungary

is different and is based on their own pateant, the details of which
were not furnished for obvious reasons. The basic chemistry of the
procegs, estimated material consumoption, material balance and flow

sheet are given, The orocess is basically divided into following steps:

Prevaration of racemic D-propionitrile using stricker synthesis
starting from dimethoxy phenyl acetone - DMPA - through

reaction with Ammonia, ammonium chloride and sodium cyanide.
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2. Resolution of D-propionitrile to L-form using D-tartaric acid
and hydrochloric acid.

3. D and L mixture of propionitrate tartarate HCL salt is cooled
to 0°C, after adding some more tartaric acid. The D-salt
precipitates out and is centrifuged. After washing with
ice-cold water the same could be used for the preparation
of the D-provionitrile tartarate by mixing with equal part
of DMPA for racemization.

k. The L-salt in the solution is obtained after remcving the
D-salt, The pH is adjusted with Ammonia to 6/7 and L-salt
extracted with dichloroethane, Aqueous layer is separated
and solvent phase acidified by hydrochloric acid to separate
out L-salt of provionitrile hydrochloride. This is centrifuged
at 0°C and washed out with cold water and dichloroethane.

It is expected that the ourity of D and L salts would be

..._..___‘

aoproximately 30% respectively.

5. Ciude L-Alpha-Methyldova is orepared from the L-salt by
currying out hydrolysis with hydrobromic acid. Excess IBr is
removed, residue diluted with water/NaHSO3 and oH adjusted
vith Ammcnia to oH 4.5 to erystalize out crude methyl dora.

6. Crude crystals after cooling and centrifuging are redissolved
in water, decolorized by active carbon and crystalized by
cooling to 5°C. The pure crystals are ceatrifuger hed
with cold water, dried and vacked.

LPY
HCL/ -
Ter.aric
DMPA — . 2N acid
“~ ppn

Racemic
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1¢ pharmaceubical industry

The session commenced with the presentation by Dr. (Mrs.) Eva
Udvardy Nagy, Head of the Biotechnological Department, Hungarian
Biochemical Society, on the technology of making Prednisolone, an
anti-inflammatory/anti-allergic drug of steroid family which also
finds application in treatment of hyversensitivity and dermatopathies

by a fermentation process starting from cortisolone.

The fermentation technique involves production of chemical
compounds by moulds, funzi or bacteria of specifiec varieties with
the help of ingredients and salts which are essential for the
development of suitable moulds, which in turn, biosynthesize the

desired chemicals.

The technology involves the following steps:

1. Laborstory_staze

a) Preparation of suitable culture.

b) Purification and isolation of the culture, storage
under oroper conditions.

¢) Preparation of the seed cr inoculum.

2. Plant stage

a) Prenaration of fermentation media and sterilization at 121°c.
v) Inoculation of the fermentor.
¢) Termentation under controlled conditions.

d) Isolation of active drug by various nrocesses
such as filtration, extraction, ion-exchange etc.

e) Purification, ‘crystallization, drying etc.

The world consumption of Predisolone is estimated at about
O0T/year and the price fluctuates between US Dollar 800 to

US Dollar 1.700 ner kg.




&

The parent compound of cortissione, starting chemicai for
vrednisolone, could be a compound from natural origin, such as diossonine,
stigmasterol or sitosterol. Cortisol is prepared by chemical synthesis
and is activated upon by strain Arthrobacter simplex to preduce

prednisolone,

The process in vroduction in Hungary is descrited as follows:

The freeze-dried culture from vial is taken in 190 L of medium
and after about 2 days, a part of the culiture is transferred tc seed
fermenter containing 300 L of medium. When 707 of the growth is
reached, 0.02 mg/ml of cortisol is added. After 6 hours a culture
of high activity is obtained. This is then transferred to a fermenter
after diluting 1:16 and Methanol, cortisol and caleium chloride are

addad. A conversion of 97 ~ 98% is achieved after I hours.

After this, the reaction is stopped by adding ethyl acetate and
the active component is subjected to counter current extraction with
ethyl acetate in a series of ex:iractors. The final oroduct is
crystallized from the solvent after clarification, conforming to

aporoved standards. The vield obtained is 90% on cortisoil.

The drocess “low sheet, material “alance and time schedule for

production of 4.7 tor of prednisolone is presented with the paper.

Titamin B-12

It is a corrinoid with a characteristic nucleotide part. It dlays
a very important role in maematonoiesis, for that reason it is used as

a medicament in the cases of anaemia.
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The technsclogical process for the oreducticn of vitamin B-12

feed grade vas discussed, starting from the sludge and aoplying an

obligatory selection force by inereasing amounts of methanol, culture
and vrocess is developed by anaerobic, septic fermentation in

Vitamin B-12.

The fermentation process carried out uses pseudomonas of
vrotaminobacter which are able to utilize simple methanol for their

growvth and for the biosyntheses.

The oroduction steps are the following:

- Two stage fermentation starting from sludge water with constant
addition of methanol and nutrients using cobalt chloride

as processor.

- Recovery of feed additive vitamin 3-12 using spray-drver process.

The flow sheet and material consumption f¢or one-day oroduction

vere given.

The technology of Penicillin 5

The paper was nresented by Mr. Xalmen Polva of 3I0GAL
Pharmaceutical Works, Hungary, based on the process in nroduction in

the country.

The orospective consunmtion of penicillin in developed countries
is 132.000 - 165.000 billion units for 2 oonulatiorn of 10 million and

79.000 - 80.000 billion/year in the develooing countries.
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The strain for the vroduction of veniecillin G is

Penicillium Chrysogenum.

The inoculum is prepared from micro-elements, 50% corn steep
liquor, saccharose at pH 6.0. The fermentation is either done batch-
wise vhere the activity of mculd controls the couversion rate, or
continous operetion in controlled manner where nutrients are added
at controlled rate. Controlled metabolism results in higher yields
and requires less power consumption, but higher capital investment is
required Zor storage, metering pumps, regulations and controls, The

fermentation is conducted under following conditions:

Temperature: 2S°C

AMir consumption: 200 M3/h

Pressure: 0.4 bar

Power consumption: 2.75 KH/M3 of broth
Incubation time: 48 hours

The fermentation brotr is prepvared from 50% corn steevp liguor,
calcium carbonate, sodium thio-sulfate, arachis meal and soya bean
0oil. During fermentation, the volume of the broth increases by 50%.
Therefore, the agitator has to be designed accordingly. A typical
fermenter design used in Fungary was Adiscussed. Total material

consumntion of fermentation in a typical 115 M3 fermenter was given.

The broth is filtered in rotary filters. The filtrate is treated
with formaldehyde, oH adjusted to 5.0 - 6.2 by sulfuric acid
(dilute) and extracted with a mixture of butyl alcohol/butyl acetate

in countercurrent manner. The solvent extract is cooled to -13°C,




to remove water as ice which is filtered in nutsche filter and again
dehydrated with anhydrous sodium sulfate. The dehydrated solvent phase
is clarified with carbon, varmed to 18 - 20°C and calculated

quantity of potassium acetace is added. The penicillin G potassium
salt is filtered anl solvent recycled for recovery. The Potassium
salt of penicillin G is taken in dry ethanvl, centrifuged and dried

at 60°c.

The material balance, flow sheet, time diagramme, broad
equipment list and utility consumption for 115 M3 fermenter were
presented. The yield of penicillin salt is 6C0 kg, with penicillin

content of about 1515 IU/mg/95 percent.
The sterilization procedure, sarety regulations and guality
requirements of G-penicillin-K intermediate oroduct were also

briefly discussed.

The technology of Gentamycin

The paper was oresented by Mr., Laszld Kegli.

Gentamycin is a broad spectrum antibiotic. It acts azainst infection
caused by gram positive and gram ncgative bacteria including pseudomonas,
proteus, starhylococcus etc, It can be used also in septicaemia,

pyelonephritis, perilonitis etc.

It is froduced according to the Hungarian techiology by usisg
micromonosvera nurpurea microorganism. The industrial process starts
with the inoculation of the specified microorgenism to the sterile

.. . . . o
media in the seeding tank and fermentation is continued at 387C., The
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optimal development time of the culture is 45 -~ SO hours. Then it is
transferrei to a stainless steel fermenter where fermentation is

continued at 35°C for 110 to 115 hours.

After that, crude processing is started by adding sulphuric acid
to the broth and the sludge obtained is filtered on drum filter. At
the end of the crude vrocessing neutral filtrate is obtained.

Gentamvein content should be between 13000 to 1100 meg/ml.

The Gentamyein is obtained by adsc.ption on carboxylic ionexchange
resin amberlite IRC-50 and after that it is eluted either by using
sulvhuric acid or ammonium hydroxide. Then the gentamycin C complex is
separated from minor antibiotiecs, biosynthesized in the fermentation

and being oresent in the gentamycin sulphate by using amerlite C5-50 resin.

At the end, the material balance and the flow sheets were given.

The technology of drug formulation and packaging

The paver was presented by Mr., Liszld D3bréntevy and Mr, Jénos

Lizdr, Hungarian Chemical Industries, Engineering Centre/Vegrterv.

They discussed the most typical technological orocesses and
equivment used for drug formulation nlants. They concentrated
esvecially on production of tablets, syrums, ointments, ampoules
and cavsules, Also they discussed some viewpoints about establishing

vharmaceutical “ormulation nlants with regard to 54P recommendations.
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Regarding the lay-out of technological equipment they prolected
slides o show the lay-nut, flow-diagrams, material handling, storing,

ventilation and air-conditioning systems and personnel traffic.

The oroduction of sterile air and wvater and
the sterilization of apvliances

The paper was nresented by Mr. Gabor Berencsy (Vegyterv).

He discussed the machinery engineering problems which might
effect the sterilization of the eauivment like the manner being
used fo; welding the manhole of a fermentor, thermometer connections,
hollow varts ovresent on the surface of equipment and vacking materials.
The discussion continued on how to oroduce sterile air and the
lecturer vresented o flow diagram showing the system they use in
Jungavy with its different stages. Alsc the participants discussed
with the lecturer hcw they could vroduce sterile water and different

methods of heat sterilization of nutrient media.

Plant visit

The varticipants visited the plants of GCedeon Richter.

The first olant svecialized in organic synthesis and the whole
groun sawa multinurncse nlant for vnesticides. It was a practical
demonstration to see how a multinvrnose nlant could be desismed

based on the pavpers opresented.

The narticivants visited also a second olant which was dealing
with the vroduction of pharmaceutical svecialities for different

4osaze ‘orms,
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Extraction of animal organs:Technology of Insulin and Heparin

The paper was presented by Dr. Jénos Fari of B.C.R. Balbone, Hungary.

Insulin is a polypeptide hormone and is used in treatment of
diabetes. Heparin is a polysaccharide, which is used for the control
of blood coggulation sud in treatment of thrombosis. Imsulin is

extracted from pancreas of cattle and heparin from lungs and livers

of sheep and pigs. Both these drugs are onroduced in Hungarr.

There are two processes for the manufacture of insulin:

(a) Salt-out-procedure

(b) Evavoration procedure

The important thing in the process is the conservation of glands

which can be achieved by instant freezing or by treatment with

acidifiad alcohol.

The descrivtion included orocess details, material consumption,

flow sheet and egquirment list.

Hevarin is produced by the following vrocess:
o —————

- Autolysis of lung with socdium hydroxide

- Extraction, filtration and ourification of the vroduct.

The oroduction of Insulin and Henarin can be taken un in the

same plant.




Enerzy supplies and plant maintenance in the vharmaceutical industry

The naper was presented by Mr. Gydrgy Bartha of Vecyterv.

The naper included deseription of utilities such as steam generation,
fuels and their combustion equipment, boiler systems, water treatment,
wvater cooling systems, refrigeration, vacuum and comoressed air suvorly,
dover generation, energy economy and lastly the planned preventive
maintenance requirements of pharmaceutical industry. The paper was

zeneralized as introduction to the energy suprlies system.

From the laboratoryv to the olant

The vaper was presented by Mr. Gy&rgy D. Honti, of Vegrterv,
on scale-up aspects of chemical drocesses from laboratory scale to
cormercial vlant nroduction scale, with special reference to various
difficulties and bottlenecks faced by engineers whenr the labtoratory
data is used for full scale designs. It was emphasized that pilot
oplant investigations were essential for any such work, as M/S Baekeland
had said in 1976:

"Commit your blunders on a small scale and make

your orofits on a large scale”,

Open systems anproach on pharmaceutical assets

The paner was presentet by Prof. Dr. Gvé8gy Somld, General Director,

VEGYTERY

A nanufacturing plant was comvared to a living being in that it

might flourish, survive or nerish devendinz on its inherited and acquired




adaptibility to coming events which could not be foreseen accurately.

Particular emphasis has to be laid on the following aspects of the plant:

- natural surroundings including such artificial items as the

neighbouring cities -
- the olant location and site
- the general layout
- the system of internal services
- the structures

- the plzut items and

- their interconnections including material flow, transvort, stores,

piping, instrumentation.

While dealirg with the above aspects in some detail, a brief
reference was made to the experience of the Hungarian “harmaceutic

Industrv in these areas.

Suecial reference was made to major reconstructions which should
be carried out in such a way that the oroduction section should be in
a state to take over during the neriod of reconstruction, all the
productive functions of the older plant so that the obsolete varts of
the plant could be demolished during this ner 4 and sone of its

structures down-graded to lesser tasks.

Neneral design is aimed at the formulation of the ¥vecific
Technological solution and its implementation. Its basic disciplines
are chemical and mechanical encineering, economics, management,

sociology and volitiecs.
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177 PLAN OF ACTION

The pharmaceutical industry has achieved enormous growth during
the past 30 years as a result of which significant achievements in
social welfare have been registered in developed countries and some
5f the davelcping countries, The value of thre nroduction of vharma-
cueticals was estimated at US Dollars 6L.52 billion in 1977, out of
which the share of the develoving countries was only 11.43 percent. The
developing countries had a trade deficit in pharmaceutical of about
US Dollars? billion in 1977. The importation of bulk drugs in these
countries is increasing by 15 - 17 percent each year and the deficit

is, therefore, expected to reach a figure of US Dollars? billionm by 198S5.

Tn view of above, it is obvious that there is an urgent need
for the effective development of the oharmaceutical industry in the
developing countries, Sugg a develovment should take place not only
in the area of the formulation and vackaging of pharmaceuticals but

in the backward integration to the manufacture of bulk drugs or

active ingredients to sustain the formulation industry.

In many of the developning countries smaller quantities of a
variety of drugs are recuired. In such cases, a nultipurvose plant is
suitable for the production of a number of products either seauentially
or to some extent simultaneously. Such a plant is also versatile
enouzh to take care of new products for which the technology might
be under .develorment. Flexibility is thus built into the design of-
the multiourvose nlant to cone with the varving and ever changing

demands of the pharmaceutical market.
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In ovder to accelerate the develovment of the pharmaceutical
industry in the developing countries, UNIDO, in association with the
Hungarian Pharmaceutical Industry has organized the seminar on the

production of drugs in a multipurpose plant.

The main topics discussed during the seminar are:

- Application of Unit Processes in Organic Chemistry.
- Projecting of Multipurpose Plants.

- The technology of ascorbic acid.

- The technology of chloramvhenicol.

- The technology of Sulphamethoxazol.

- The technology of Trimethoorim.

- The technology of Indomethacin.

- The technology of Phenobarbital.

- The technology of FPhenylbutazone.

- The technology of Methyldova.

- The technology of Insulin and Heparin.

- The use of fermentation processes in tiae pharmaceutical industry.
Technologies of Cyanocobalamine and Prednisolone,

~ The technology of Gentamycin.

- Inergy supplies and plant maintenance in the nharmaceutical industry.

~ The conditions of air and liquid sterilization in Zermentation processes.
- Forqulation and vackaging of drugé.

~ From the laboratory to the plant.

- Open systems approach of pharmeceutical assets.

The consultants and particinants, afte} the nresentation of paners
on various subjects, most of which related:to the manufacture of
synthetic drugs in a multipurpose plant, had a detailed discussion
and the concensus was that every effort shduld be made to develop the
pharmaceutical industry through the establishment of multipurpose

plants in the developing countries.
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In order to facilitate the development of the pharmaceutical

industry in the develoving countries, Recommendations anéd a Plan of

Action were worked out. The following Plan of Action was recommended:

The establishtment of such multipurpose plants in the developing

countries having well established formulation and packaging industry

in order to produce bulk drugs or active ingredients will have on the

develorment of chemical industries and the economy as such a great

impact. In this connection the following measures are recormended:

i) UNIDO in association with the Hungarian Pharmaceutical Industry

ii)

iii)

i)

v)

vi)

should make an assessment of the possibilities of establishing
such multivurvose plants in Asia, Africa and Latin America. This
assessment should inciude technology, product mix, investment,

training ., supoly of raw materials, intermediates etec.

In order that the assessment reflects the actual needs of the
Sovermments and their interest, UYIDO and Hungary should include
in their proaramme such countries from which requests for such

an assessment have been received.

With a view to anticivate/facilitate such requests, UNIDO should
prepare a briefing note and programme in this sector and f{orward
it to the Govermments. In this exercice, the participants of

this seminar will be the focal noint for the first phase of the

oroject for the assessment.

UNIDO is reguested to organize such techrnicel meetings for
multipurvose plants for fermentation, biologicals and medicinal

vlants.

UNIDO is also requested to organize training programmes at the

vlant level on nroduction, control and management.

It is reccrmended that UNIDO should prevare an official
publication on the technical discussions and parers with the

recommendations for the benefit of the develooing countries,




vii)

On the campletion of the assessment as mentioned above UNIDO
shall assist the develoving countries, wvhere the markets and

means Jjustify, in the establishment of multiourpose plants.

UNIDO should repeat this Seminar in English/French for the

benefit of Francophone developing countries.

UNIDO should conduct a seminar on multivurouse olants at an
advanced level with a bias on practical aspects for the benefit
of the developing countries in the process of establishing such

multivurvose plants.
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IV, LIST CF PARTICIPANTS

Neme Participant Home Address 0ffice Address Profession
Observer
Oskar Vclendz Participant  Residencial Laboratorios Quinico
Sanchez El Dorado Ho.360 Solka
Managua Ap. Postal 2972
Nicaragua “anagua/Yic.
Leonor Amero Participant Sanchez Ascona Secretaria de Ouimico
Coutigno Jo0.1555 DPatrimonio y Tarmaceutico
Col. de 7alle Fomento Industrial 3iolozo
03100 Mexico, D.F. Coor. frasl Tarm.
Zermosillo 26
3¥ Piso Col.
foma Sur
Mexico, D.F.
Amar Singh Participant 9, Caldwell Rd. Director Chemist
Ipoh Chemistry Dent.
Malaysia Tiger Lane
Ivoh
falaysia
Aly Elsharkawy Participant 17, Addan street VYice Chairman Pharmacist
Elmohandeseen The Arab Jrug Co.
City Dokky €, Tlmasane St. *
Cairo fmiria Cairo
Eayv. Zgyot
Jguyen Thai An Observer 138 A, fiang Yo. Tat. Btraction Sharmacist
Yanoi Dept.
S.R. Viet Jam Yinistrv of Health
Yanoi /SR Vam
Nguyen Van Dan Participant 138 A. Giang Yo Vice Minister of Prof.
Hanoi Health Sharmacie
S.R. Viet Jam Ministry of Health
Zanoi/SR Vilam
Djamel Zddine Participant 12, rue de 2.0.A. Pharmacist
\zzouni Mulhouse 2, tue Bichat
Alger Alger
Algeria Algeria
Tel. RS A3 27
Tlx. 52 003 DZ
‘ouce? Couaitia  Observer 2.C.A. Industrial
35, avenue Pharmacist
ohamadia
Z1 Yarrach
Alseria N
Yadir “uita Chserver D.C.A. Industrial
1, rue Denartemental >harmacist
Dar-el-3detoa

Algeria
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Hame Participant Home Address Jffice Address Profession
Observer
U Soe Hlaing Participant Yo. 10 B.P.I. Depty. Gen. Mgr. Devoty.
Estate, Gyogon Surmea Pharmaceutical Gen. Mgr.
Rangoon Industry Froduction
Burama F.0. Box k1€ ]
Rangoon
Burma
Lalida Vong- Observer 213/6 Pathana- L and Sons Co Ltd Pharmacist
chusiri karn Road 12 - 16 Soi
Bangkok Punthachit
Thailand Maitrichit ?d.
Bangkok/Thailand
P. Rittircent TParticivant 643, Xruasdhes The Covernment Chemist
Jonburi Hoad Orpanization )
Sangkok Bangkok
Thailand Thailand
Tel. 282 1900-5
Wang, Youhui Participant’ Yo.7 Lane 120 Shanghai “harma- Depty. Dir.
Tai An Road ceutical Desian Chief Tng.
Shanghai 20031 Tnstitute Chem. “ng.
P.R. China 185€ Yarjina Xi
Lu, Shanghai
P.R. China
wian Ahmad Particivant C-6 P Hk Gen. Mgr 3iochemist
3ashir Iskenderabad Antibiotics (P) Ltd Biochem.
DKL Mianwali Iskanderabad Tng.
Pakistan Mianwali/Pak.
Puben Arredondo Particizsant Monitor Huascar Laboratorios fuimico
Zegarra Sur Yo. 565 Lusa Farmaceutico
Pimac, Lima Av. Bolivar
Peru Pueblo Libre
Lima
Peru
Samuel “aina Participant P.0. Box 50LL2 Ind. Promotion Veterinarian
Kiruthu Yairobi Cenartment Technologist
Kenva Min., of Industry
P.0. 3ox 30418
' Yairobi/Kenya
Tel. 332911
Lalit Kumar Jain Observer €, Almal Khan ¥/S Pharmchem Hanaging
Park 5, Yeti Cinema Director
Xarol Bagh Comopound
New Delhi 11C00S5 Bhagirath Palace
India Chanéni Chovwk
Delhi 110006
Arvind 3harzava Oﬁserver 3hargava Lane *1/S Paam ®harma- Directer

Yitya Yand Marg
Civil Lines
Delhi 110054
India

ceuticals

26, 3hargava Lane
Civil Line

Delhi 110054
India
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Name Participant Home Address Office Address Profession
Observer
R. Maheshwari Observer Kores I 1td. Same Chem. Engineer
1, Pokharan Road
Thane W
400606
Maharashtra
India
Mayra Sanchez Participant Rodriguez £k Ministerio de Chem. Pngineer
Habana Salud Pudblica
Cuba 23 yn. Vedado
La Habana
Cuba
Douglas de Ford Particinant Urbanizacion Ind. Production Tnd. Enzineer
YValle del Sol Adviser
Yo. 2 Soe. Security
Santa Ana of Costa Rica
Apartado 10105
San Jose
Costa Rica
C. Chari UNIDO UNIDO UNIDO Chemist/Bio-
Revre- P.C. Box 300 chemical
sentative A-1k00 Vienra hgineer
Austria
. Tuintero- UNIDO uae UNIDO Char=acist
de-Eerglotz Repre- P.0. 3ox 300
sentative A-1L00 Viemna

Austria







