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INTRODUCTION

The pharmaceutical industry, to provide the optimum requirements
of the countries' medical and health services, needs to produce drugs

of adequade quality in sufficient quantities and at prices within the
reach of the common people.

The markets of developed countries are flooded with innumerable
preparatione and it will not be possible for any developing country to
provide its markets with all of them with its limited resources. Each
developing country will therefore have to establish a national lis¢ of
drugs to meet the country's real neede of the majority of ite population.
The drugs included in such a list could differ from country to
country depending on many conditions such as the pattern of prescription,
common diseases, the type of health services, pereonnel available,
financial resourcee and genetic, demographic and enviro.mental factors.
Because of the great difference between countries, the preparation of
& drug list of uniform general applicability and acceptibility is not
feasible. Thersfore each couniry should undertake the responsibility
of evaluating and arriving at a list of national drugs according to

its own policy in the field of health. and review it from time to
(Refs Report of Second Panel Mseting of Industrial Kxperts on the Phcrme-

ceutical Industry. 34 pages. ID/WG.267/4/Rev.l. Annex I, page 2l. March 1978

Choice of Technology for different Groups of Coungries

After the preparation of a national list, the method of manufacturing

chosen will depend on the etage of development of the industry of the
country and its technical base. The developing countriee have been
broadly classified into 5 groups depending on the stage of their
development and the eteps to be taken by each of them would differ
from one another.

Countries of Group I are those that have no manufacturing facilities
and therefore are dependent on imported pharmaceutioals in their
finished form. These countries also have limitedpublic health services
and poor distribution ohannels. The eteps to be taken by them would be :




- (a) t¢o establish procurement procedures of the items in the
national list of drugs arrived at as suggested above, to take
advantage of purchasing in large quantities; .

- (b) to develop quality control facilities to ensure the quality
of the drugs purchased; (List of equipment given along with
formulation equipment Appendix I)

-(c) to establish units for repacking formulated drugs which will
help to build the auxillary industries of packing materials
and standardize their production; (List of packing material is
given in Appendix II)

- (d) to set up units to produce infusion sciutions and simple for-
mulations on a semi~-industrial scale. (Given along with other

formulation equipment Appendix I)

Countrien of Group II : These are countries that are already packing
formulated drugs and are making simple formulations. The steps to be
taken by them are :

- (a) to establish formulation units to convert bulk drugs into
dosage forms such as tablets, capsules, liquid pre.arations,

ointments and infusion solutions; (Appendix I)

- (b) to establish facilities to control quality from the raw material
to the finished product. (Appendix I)

To set up the requisite organization to monitor the
stability of the drug.

In cases where products fail to meet specifications they
should be recalled from the market.

To achieve the above steps, it is essential to irain industrial
pharmacists to start and run semi-industrial units and to establish
testing facilities. This is a very important infrastructure and UNIDO
has been assisting in running courses in some universities, especially
at the University of Ghent,in Belgium,Faculty of Pharmaceutical Sciences,
giving preferences to candidates from countries belonging to this
group of countries.




The University of Chent has been running such classes for
the last five years and trained participants from 82 nations and
created confidence in them to start the production of simple preparations,
which all the same are mostly needed to save lives in these areas and
to set up and operate small infusion producing installation and semi-
industrial formulation facilities to produce tablets, capsules, ointments,
ampoules and similar formulations. Several of the advanced developing
countries have similar facilities and are extending co-operation to
other lesser developed countries in this field.

Such semi-industrial plants do not need any elaborate equipment
and technical assistance, and equipment for the same is not
difficult to get within the developing countries themselves. Such
units should also undertake to produce simple antiseptic solutions
which could help in preventing the spread of infection. The infusion
solutions referred to above are very essential to treat children
and even adults who get dehydrated by diarrhoeic disease and unless
these infusions are administered immediately lives are lost.
Importing such solutions which contain nearly 95% of water would itself
cost more to transport and distribute than to produce locally at the
hospital pharmacies. In Appendix I a list of equipment required for
making infusions and simple formulations is given along with their

approximate cost,

The various ingredients involved in making simple formulations
like tablets, capsules, liquid preparations, ointments and infusions,
including parenterals, are described below :

‘1.; Tablets : Tablets are most frequently administered in oral dosage

form and are prepared by compression. Various types of tablets are available,
e.g. plain tablets, chewable tablets, sugar-coated tablets, enteric

coated tablets, press-coated tablets, layered tablets, film-coated

tablets, sustain release tablets, etc..

The tablet dosage form offers several advantuges, viz :

Py
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easy for dispensing and administering;

(v) easy to pack and ship;

(c) accuracy in having the desired requirement of the active drug
for dosage;

(d) easy to preserve the biological activity of the drug or drugs.




(a)

(b)

(c)

(d)

(e)

(f)

The general method of tablet manufacture is as follows :

Raw material : In the manufacture of tablets, besides the active

drug or drugs, a number of other raw materials are necessary to
form the desired tablets. These are, for example, diluents, binders,
lubricants, disintemtinp‘agents. colouring agents, flavouring
agents.

Diluents : As is well known, synthetic and natural drugs are highly
potent and only small quantities (from micrograms to milligrams)
are required for unit dosage form. In order to be able to make

a tablet for administration out of small quantities of these

active drugs, certain inert materials like lactose, starch, sucrose,
mannitol, dicalcium phosphate, calcium sulphate, micro-crystalline
cellulose (Avicel). etc are used. These inert materials are called

diluents.

Binders : These are substances which keep the components of the

tablets together in the tablet form after compression, i.e.

the tablets do not break after compression and have sufficient hardness.
Examples of common binders are gum acacia, gum tragacanth, gelatin,
starch paste, sodium-carboxy-methylcellulose, methyl-cellulose,

ethyl-cellulose, polyvinyl pyrrolidone, sodium alginate, etc..

Lubricants : These are substances which prevent adhesion of the
powder to the punches during compression and the smooth ejection
of the tablets from the dies. Some commonly used lubricants

are talcum powder, liquid paraffin, stearic acid and its salts
like calcium and magnesium stearate, etc..

Disintegrating agents : Certain substances which help the breaking
up of the tablets after administration to the patient are called

disintegrating agents. Some commonly used disintegrating agents
are cormstarch, gum guar, methyl-cellulose, sodium-carboxy-methyl-
cellulose, micro-crystalline cellulose (Avicel), alginates, etc..
The Pharmacoposias prescribe a limit of 15 minutes for the
disintegration of common tablets after administration.

Colouring agents : Colour, besides making tablets look more
attractive to the patients, also helps in distinguishing the
various tablets before they are administered. Only certified food

and drug colours are normally used.
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(g) Flavouring agents : Various flavouring agents are being used to
make tablets more palatable and to act as a mask against undesirable

. taste of the ingredients.

: The choice of any of the above constituents to manufacture tablets
depends upon their compatibility with each other and also with the active

drug. This is checked by stability studies of the preparations.

(:) Capsules : Capsules are solid dosage forms in which the drug(s) are
enclosed in a hard or a soft shell of gelatin. These gelatin shells are
called capsules. The capsule dosage form has advantages over the
tablet dosage form in that :

i) it keeps the drugs' potency without much formulation effort;
ii) each dosage is in a sealed container ensuring high level of drug

protection from atmosphere;

iii)it masks the taste and odour of drugs;
iv) the capsules break in the stomach in less than 5 minutes,thus

making the drugs available for absorption quickly.

Capsules are largely used to market single active drugs like anti-
biotics. However, mixture of drugs either as suca or in granular forms

are also marketed in capsule form, s.g. vitamins,

Capsules are commonly of three¢ types :

(a) hard gelatin capsules;
(b) soft gelatin capsules;

(c) seamless capsules

Hard gelatin capsules are available in a variety of sizes. The
smallest being n° 5 and the largest 000. The choice of the sige is
dependent on the bulk density of the mixture for a single dosage.
Colouring of capsules is adopted extensively as a method of identification

for proprietary products.

In slight moisture the capsules stick together. It is, therefore,

recommended that they be stored in a dry and cool place.




General process of manufacture :

Hard gelatinapsules : The manufacture of capsules containing drugs involves
the following processes : '

(a) preparing the powder mixture
(b) filling of the capsules
(c) sealing of the capsules

(d) cleaning of the capsules

The drug for capsules is blended in a blender with a diluent if necessary
and with a little lubricant to ensure free flow of the powder while
filling the capsule. The blended material is then filled through a
semi-automatic or an automatic machine called a capsule-filling

machine, now available even in several developing countries. The

machine first separates the top and bottom part of the empty capsule

and then delivers an accurate weight of the blend in the bottom varg

of the capsule and subsequently replaces the top parte.

The above process is followed by sealing of the capsules. This is
done by a solution of gelatin at the joint of the top and bottom

parts of the filled capsule. Capsule-sealing machines are easily
available. Self-locking capsules do not need however any sealing.
Some of the manufacturing houses print their capsules to identify

their products. Printing of the capsules can be done before or
after filling.

3.)Liquids : Liquid preparations are still another form of dispensing
drugs. The ma jor advantages of liquid dosage form are :

(a) when the active drug is a liquid;
(b) 1liquids can be administered in small/large dose as required
by the physician;
(¢) the drug ise available for absorption immediately after administration;

(d) 1liquid preparations can be sweetened, flavoured and made tasty,

facilitating administration of the drug, particularly for children
and old persons.

In spite of the advantages described above, there are certain
disadvantages of liquid dosage form, viz,:
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for a single dosage form liquids are bulkier, when compared with
the solid dosage forms. This results in higher costs.
(b) the deterioration of drugs like antibiotics, vitamins and hormones

is much faster in the liquid form than in the solid dosage form.

Types of Liquid Dosage form: Liquid dosage forms are mainly of the

following types:

(a) solution
(b) emulsion

(c) suspension

A solution is made by dissolving a drug or drugs in a diluent or
vehicle in which it is most soluble and compatible. A solution should

be clear and free from suspended particles.

An emulsion is a two-phase system prepared by mixing two immiscible
liquids, one of which is uniformly dispersed in the other. In order to
keep this emulsion stable for a considerable time, certain chemicals are
used which are called emulsifying agents, vigz. Tween 80, Span 20, benzalkonium
chloride, glycerylmonostearate, etc. The most commonly used natural

emulsifying agent is gum acacia.

A suspension, like the emulsion, is also a two-phase system in which
the solid drug is finely suspended into the liquid phase. In order to
keep the s0lid well suspended, certain chemicals are used which are called
suspending agents, like sodium carboxy-methyl-cellulose, methyl-cellulose,
carbopol (polyacrylic acid), sodium alginate etc. Natural suspending

agents are gum acacia, gum tragacanth etc.

General Process: The basic principle involved in the preparation of a
solution is to make a homogenous mixture of the drug/drugl in a diluent

or vehicle. Water, alcohol, sugar syrup, glycerine and sorhitol (T0%)

are the common diluents in use.




Apart from the active drug and diluents, other excipients involved

(a) sweetening agent :
(b) preservatives

(c) colouring agent

(d) flavouring agent

A sweetening agent is added to make the preparation more tasty.

Common sweetening agents are sugar, saccharin and socdium saccharin.

- A preservation is added to prevent mould and bacterial growth as
the media of a liquid preparation is susceptible to bacterial and
fungal contamination. Generally used preservatives are alcohol, hydroxy

benzoates, sorbic acid etc.

A colouring and flavouring agent is added to make the dosage form
more attractive and acceptable particularly for the children. Only

approved, sorbic acid etc.

(ZE) Ointments: Ointments are soft, semi-solid preparations usually containing
medicinal agents intended for application to the skin or to the eyes.
Ointments for skin are called skin ointments and ointments for use in
the eye are called 'ophthalmic ointments’. This however should be sterile
and filled under Sterile Conditions.

General process of ointment manufacture: It is not possible to give full

manufacturing details in this note. For the sake of convenience, only

the general method of ointment manufacture is illustrated.

Raw materials: In the manufacture of ointment, besides the active drug
or drugs, a number of other raw materials are necessary to form the

desired ointments. These are, for example:

(1) diluent or base '
(ii) antioxidant
(iii) preservatives
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Diluents or bases: Diluents or bases oonstitute the major portion of

ointments, and influence the absorption of the drugs through the skin.
Various types of bases are used, e.g.

(a) Oleogeneous base: consists of mineral, animal or vegetable oils;
e.g. soft paraffin, liquid paraffin, lard, olive o0il, cottonseed
0il etc.

(b) Absorption base: this group includes hydrophilic substances such
as wool fat, lanolin.

(c) Washable bage: these are water soluble bases and easily removable
from gkin by washing with water. Common examples are polyethylene
glycols. They are compatible with a wide range of active drugs.

(d) Emulsion base: There are two types of emulsion bases. One in
which water is the internal phase and oil in the outer phase and
is called water in oil emulsion and the other containing oil in
the inner phase and water in the outer phase is called oil in the |
water emulsion. Example of W/O emulsion is hydrous-wool fat,
whereas stearic acid-soap emulsion is an example of 0/W emulsion.
An agent which helps in forming emulsion for both oil and water
Phase is called emulsifying agent. Sodium lauryl sulphate is an
emulsifying agent.

(e) BEmulsifying waxes: there are some waxes which form oil in water
emulsion when fused with water. Examples are cetyl aloohol, stearyl
alcohol, glyceryl monostearates.

(f) Silicon bases: this group includes products which are related to
minerals and contain silicon in their molecule. Examples are

Bentonite, Veegum etc.

Antioxidants: An antioxidant is sometimes added to the ointment to prevent
oxidative deterioration. The selection of an antioxidant is however

dependant on several factors like toxicity, irritancy, potency, compata-
bility, odour, discolouration, stability and solubility. Common antioxidants
are Butylated hydroxy toluene (BHT), Butylated hydroxyanisole (BHA),
Propyl-gallate etc.

Preservatives: Preservatives are added to ointments to prevent contamin-
ation, deterioration and spoilage by bacteria or fungi. MNost common
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Preservatives are esters of p~hydroxy bensoic acid (methyl ester or

propyl ester) and sorbic acid.

5. Infusions and other parenterals: Parenteral preparations including

infusions are sterile pharmaceutical dosage forms which are administered
intravenousliy or intramuscularly. Generally these preparations are
known as injections. All parenteral preparations are sterile. There
are mainly four types of parenteral products recogniged in the
Pharmacopocia:

(1) solution of medicaments ready for injection. This is the most
common form, e.g. glucose injection, saline injection, etc., known
commonly as infusions.

(ii) dry solid medicaments which make a solution upon the addition of
a suitable solvent just before administration. These are mostly
antibiotic preparations, e.g. penicillin injection, etc.

(iii) suspensions of solid medicaments ready for injection. These
are mostly drugs in colloidal or micronised form, e.g. hydrocortisone
injection.

(iv) dry, solid medicaments which yield a suspension upon addition of

suitable vehicle, e.g. procaine penicillin injection.

Parenteral preparations offer the following advantages over the
other dosage forms:

(1) the parenteral route is essential for certain drugs to be absorbed
in active form, e.g. streptomycin and neomycin.

(1i) it offers more predictable absorption, as it is independent of
the vagaries of gastro intestinal function.

(iii) the effective dose can be more accurately selected and the desired
blood concentrations can be obtained quickly.

(iv} it is mandatory in emergencies, e.g. in unconscious or unco-
operative patients where an immediate action of the drug is
hecessary. This is usually achieved by using the intravenoua
technique - one of the parenteral routes.

(v) the intravenous, parenteral route offers the only method of
rapidly increasing blood volume during cases of dehydration referred
to earlier.

“
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(vi) it is the only possible method of administering a drug, when
the patient i unable to take a drug by the gastro-intestinal
route; or cannot retain it when administered orally.

(vii) the intramuscular and the subcutaneous parenteral routes are
used to prolong absorption of a drug, especially where sustained

release from a depot is needed.

List of ancillary products required to formulate drugs are given
in Appendix III.

Supplies to Primary health centres in rural areas and remoter parts

of the country: 7o improve supplies to the centres at reasonable costs,

hospital pharmacies have to be established to undertake simple formulations,
infusions etc. The selection has to be made with special reference to

the Common diseases prevalent in the area. A formulary of drugs preparation
commonly required in rural hospitals will have to be prepared, based on

the National list of drugs arrived at for the country. The facilities

for organising such production are:

(1) Small infusion installations which could serve the needs originally

for a group of hospitals through their hospital pharmacies.

(2) Semi-industrial formulation facilities: production of tablets, ampules,
ointments, antiseptics (sodium hypochlorite, potassiumpermanganate,
chloramine, cresol, etc.), solutions.

These semi-industrial facilities would solve the iocal needs.
Their production would have no transport difficulties and could be

distributed on these regional and local bages.

(3) Quality control (chemical and bacteriological )
Laboratory connected to the hospital pharmacies. or semi-industrial units.

These hospital pharmacies or semi-industried plants would have the
great advantage that the locally trained industrial pharmacists, could under-
take this work very easily. The cevelopment of human skills needed to carry

out the operations involved under hygenic and aseptic conditions and operate
testing facilities however needs special emphasis and can be achieved only
by proper training. A minimum technical help should be available to these

units or institutions within the country specially to eneure that the pre-
parations have the necessary bio-availability. The same dosage of active
ingredient if not properly formulated can give different results as is iilus~
trated in the graph given in Appendix IV, and makes all the difference be-
tween the preparation being effective or not.
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Supply and storage of Immunologicais: Proper supply and storage

of immunologicals is necessary.

These are heat sensitive and dated products and their storage
needs special attention. The rural population hardly get any benefit
of these for prevention and treatment of deadly scourges. Later on
provision of subdividing them from bulk packing can be undertaken at

these centres under sterile conditions.

Other prevention measures: These need water treatment chemicals, pesti-

cides and disenfectants. These could also be formulated locally in a

separate unit to meet local requirements.

Group III of the Countries: These countries formulate a broad range of

bulk drugs into dosage forms and have also made a beginning to produce

simple bulk drugs from intermediates. The steps to be taken by them are:

- {a) to establish multi-purpose plants to produce the bulk drugs
required for the health programmes by manufacturing products

where the production involves similar chemical reactions;

- (b) to set up units for extraction of active principles from

medicinal plants which grow wild or are cultivated in the country;

- (c) to set up centres to utilize slaughter house by-products, such
as extraction of active principles of glands and organs and to

produce catgut;

- (d) to set up units to produce immunologicals both for prophylaxis

and treatment.

Multi-purpose planis: The advantage of multi-purpose plants in a

country where the demands are limited, is that the facilities can be
utilized throughout the year by changing from one product to another
depending on the demand of each product which will always vary from

season to season and from year to year depending on epidemics, etc.

It is possible to group a number of simple bulk drugs to be made
in one multi-purpose plant from intermediates depending on the similarities

of processes and cperations involved.

The major groups under synthetic drugs would be sulpha drugs which
have chemical similarity and are usually produced with the same type of
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equipment starting from the same or similar chemical intermediate. In
addition to the sulphas there are many other synthetic drugs which are
classified according to their physiological activity like anti-tubercular,
anti-malarial, anti-amoebic, anti-diabetic, corticosteroids, anti-pyretics
and anti-histamines. The structure of these compounds is different

from sulpha drugs as also is their method of manufacture.

It is possible to produce a large number of bulk drugs starting from
late intermediates using a multi-purpose plant. A diagram of a glass-lined

reactor of a typical multi-purpose plant is given in Appendix V. The material
of construction of a reaction kettle is preferably glass lined so that it can

withstand many corrosive reactions. It is also possible to carry out reactions

in stainless sieel equipment and only the final corrosive reactions in small all-

glass equipment to reduce capital cost. One can use such equipment for producing

a number of drugs whose demands may vary with market conditions by switching from
one intermediate to another and varying the condtions of reaction and reactants.

An example of such a multiepurpose plant with estimate of its cost to produce
oertain common drugs is given in Appendix VI,

It is also possible to set up multi-purpose plants to meet the demands
of a group of semi-industrial formulation units or hospital pharmacies.
They have the advantage of low overheads, little distribution problems
and several other advantages over large manufacturing units set up in

urban centres.

Plant produots: Production units for active principles of plant products,
will depend on the type of plant which is available for extraction and the
products that have to be obtained from such extracts. Many of the
developing countries are now exporting them in the form of crude herbs to
developed countries and in turn importing the active principles. By
exporting them even as semi-—processed products will improve the export
earnings. Later on, as experience is gained, the isolation of the active
principles could itself be undertaken within the country to be used for
medical ireaiment as well as to meet the export demands. In such a case
the value realisation increases- several-fold and is one of the important
steps of re-deployment of industry from a developed to a developing
country which helps in improving the share of industrial production of

developing oountries.
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In recent years greater importance is being given to plant
products as in nature, a plant synthecises complicated molecules
from simple ones with highly specific reaction mechanisms. The
reactions involved are either difficult or expensive to duplicate by
classical chemical methods. In the case of steroid hormones the partial
snythesis of the finished hormones starting from a very closely related
naturally occurring product diosgenin, is more economical than its
total synthesis. Therefore, collection from natural sources or culti-
vation of dioscorea root for the extraction of diosgenin has been
undertaken on a large scale and several plantations have come up in
many developing countries where the climatic and soil conditions are
suitable. So far, dioscorea root which grows wild on the Mexican mountains,
and the Himalayan ranges were collected for the extraction of diosgenin, but
depletion of this in the lower accessible ranges has made its collection
more and more difficult. The only solution is scientific cultivation of
diosc rea tubers and other species of plants like Solanum whose berries
contain solasodine, as also, extraction of hecagenin from sisal waste which
can also form a starting point for the synthesis of steroid hormones.
Another example of this partial synthesis is that of Vitamin 'A' starting
from citral present in lemon grass oil. Irdia, Guatamala and other sub-
tropical regions have suitable climatic and soil conditions for their
cultivation and offer great scope to supply plant material for such
partial synthesis of drugs.

There are also certain phyto chemicals where it is more advantageous
to extract them as active principles of plant products than obtain them
by synthesis. Some of these chemicals can exist in different steric forms
and their chemical synthesis, therefore, yields a mixture of isomers,
which are very difficult to separate. The product thus obtained by synthesis
may be toxic and have a different therapeutic property than what is obtained
from nature. In the plants, these reactions take place at normal biological
temperatures and pressures and the type and quantity of substances produced
will be the one that it needs for its own metabolism, hence normally free
from toxic ingredients. In view of these factors, there is great demand
for certain plant products in the world in spite of the advances in
chemical technology and appearance of cheaper synthetic substitutes. Some
of these drugs extracted from plants obtained either by their scientific
cultivation or collections from their wild growth are as follows:
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Strychnine and Brucine: Nux Vomica, the dried ripe seeds of Strychnos

hux-vomica Linne, yeilds the two important alkaloids strychnine and
brucine. Although strychnine is a very powerful central nervous system
stimulant and was used therapeutically, it has now been replaced by other
less toxic and safer drugs. These are produced in the country in large
quantities, mainly for export from collection of the seeds from the

torests of India, Israel and other countries.

Atropine, Hyoscyamine and Scopolamine: The most characteristic physiological

property of the Solanaceous alkaloids is their mydriatic effect - namely,
their ability to dilate the pupil of the eye. The solanaceous alkaloids
include atropine, hyoscyamine and scopolamine. Scopolamine is also used

as a sedative and a tranquilising depressant to the central nervous system,

There is little doubt now that atropine as such does not occur in
nature whereas hyoscyamine does and because the latter racemized very
readily, hence atropine is obtained from the plant because the hyoscyamine

has isomerized during isolation.

As a first stage extraction of crude extracts can be undertaken in

developing countries, where these grow wild, for export to developed countries.

Quinine: Cinchona is cultivated over large areas in Indonesia and in India
in Darjeeling (W. Bengal), the Nilgiris and Annamalais, in Madras. The
factories attached to these plantations in India alone, have a total
production capacity of 61 tons per annum of quinine and very much greater

in Indonesia. Efforts can be made to increase the production of quinine
salts to the maximum extent possible for meeting the growing demand from

the foreign markets. Although the use of quinine as an anti-malarial drug
has decreased, it is used increasingly for the production of quinidine,

used against cardiac ailments such ag auricular fibrillation and ventricular
tachycardia, and as a bitter for aerated waters and in non-alcoholic

beverages.

Reserpine: Reserpine from Rauvolfia vomitoria roots is a tranquilizer which

induces sedation without inducing sleep. It is used in psychiatiry for the
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treatment of schizophrenia and parancia. Its wide use in drugs against
hypertension is well known. Rauvolfia vomitoria is cultivated in Africa
and in India in Darjeeling, Kerala and other places and roots of this
strain contain 0.77 reserpine as against that reported as only 0.2%

of that grown in Africa. Extraction for the isolation of reserpine is

fairly simple.

Emetine: Plantations have been established in India in Darjeeling, West
Bengal, to grow ipecac to the extent of 20,000 kgs. of dry roots and
are largely meet:ng the requirements for the production of Emetine.
Emetine is being extracted at the factories - one in Calcutta and the
other in Bombay, with a total annual capacity of 590 kgs. This is
principally used in the treatment of amoebic dysentery and in small

quantities in expectorants, emetics, etc.

Digitalis Glycosides: In India two units for the extraction of digoxin
from locally grown digitalis leaves have been set up in Bombay. In this
case, the scientific cultivation of digitalis and the application of modern
extraction technology are necessary for the indigenous manufacture of the
cardiac drug, digoxin and has been successfully achieved in slopes near

the tea gardens which are not usually suitable for cultivation of tea.
Although developing countries may not be in a position to isolate the
active principle, digoxin, they can make crude extracts for export to

countries which produce cardiac preparations.

Caffein: In regions where tea is extensively grown, caffein can be extracted

from tea wastes and tea prunings with solvents like bengene or chloromethanes

or chloroethanes which is a simple process. Although caffein is made in

large factories in developing countries by the synthetic process, there is

always a preference for natural caffein in certain drug preparations and

the preparation of aerated soft drinks like coca-cola and fetches a higher

price. Several such units exist in India near Assam and Kerala States

which are tea growing centres. C(Coffee husk is another source for caffein

extraction and caffein is also a by-product in the production of '
decaffeinated coffee.
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Ephedrine: This can be extracted from ephedra «hicn grows wild on the
arid mountains of Himalayas in Pakistan and Afghanistan. 7Tt has many
uses in the production of cough syrups and anti-asthmatic preparations.
Here also there is competition from synthetic ephedrine but natural

ephedrine has certain preferences.

Schillarin: The bulbs of squill (scilla) grow wild in many sub-tropical
regions and need only be converted into crude extract for supply to
countries which make this cardiac drug which is very effective when
patients do not respond to digoxin.

Other plant products: Multi-purpose plants for the extraction of the

active principles of senna, (laxative), belladonna (colic), podophyllum
(anti-cancer) etc., are also possible. The total active principles of
some of these plant products are already being extracted in India and
other countries and a new unit in India envisages, in addition, isolation

of the active constituents.

There are many more examples where developing countries can make
use of medicinal plants for extracting the aotive principles and
making extracts for converting to more sophisticated products in
developing countries.

Utilization of animal by-products and production of biologicals like

sera and vaccines: The utilization of slaughterhouse by-products is

linked with upgrading of abattoirs in large cities and setting up of
primary extraction centres in the immediate vicinity of slaughterhouses.
They have to be collected and frogzen and preferably processed immediately
after an animal is slaughtered.

For instance in the case of insulin production which is so essential )

for controlling the imbalance of blood sugar level leading to the condition

known as diabetes, the pancreatic glands are removed from cattie

oarcasses immediately after the animals are alaughtered and froszen below
10°¢. Insulin is isolated by repeated extraction of the pancreas with

cold acidulated alcohol in special mincing equipment. The extract is
filtered through a filter press to remove biological matter and the aloohol
solution of insulin is conoentrated initially through a special rising

film type of evaporator followed by further concentration at reduced pressure
in a vacuum still. Chilling of the alcoholic concentrate leads to the
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separation of the residual fat which is removed by filtration. The

insulin is salted out from the filtrate as the crystalline hydrochloride

called the salt cake. This salt cake is then dissolved in water and

crystalline insulin precipitated by adjustment of the PH to the isoelectric

point of insulin. Similarly, many active principles from glands and

organs of slaughtered animals such as adrenalin and other hormones,

pancreatin, pepsin and other enzymes, liver extracts can be recovered. From

the sheep intestines catgut required for surgery and other uses can be

produced. Many intermediary products can be obtained like cholestrol

from spinal chord or wool fat. Cholestrol can be used for the synthesis

of steroid hormones, or Vit. D3.
Bile can also be used for producing bile acids required for synthesis of

hormones, etc. Today most of these raw materials are wasted and at the

same time heavy demands made on the limited resources of such products

which are produced in developed and few of the developing countries.

Biologicals like sera, vaccines, anti-toxins and toxoids which are so
necessary both for prophylaxis and treatment can be produced by the public
health laboratories with no elaborate equipment. These include vaccines
against smallpox, cholera, anti-tetanus serum and toxoid, anti-diptheria
serum and toxoid and anti-rabic vaccine and triple antigen and oral polio

vaccine.

Group IV of the countries are those which produce a broad range of bulk

drugs from intermediates, and which manufacture some intermediates using

local raw materials. The steps to be taken by them are:
(a) ®et up units for the production of antibiotics by fermentation

(b) set up plants for intermediates covering also the needs of the other

chemical-based industries.

The steps that Group IV countries have to undertake really involve more
complicated technology and an infrastructure of a developed chemical industry

with especially the manufacture of intermediates for drug production is

necessary.
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Anti-biotics: These products are unlike the synthetic drugs produced

with the help of micro-organism using fermentation technology. Inspite
of their complete lack of chemical similarity they have anti-biotic
activity, i.e. they can interfere with the metabolic processes of specific
micro-organisms in that the growth of these organisms is either retarded
or suppressed. Unlike synthetic drugs which need a large number of
cnemicals and complicated chemical reactions anti-biotics mainly need
nutrient media and certain solvents and therefore are more amenable to be
produced in developing countries than synthetic drugs provided the
technology and equipment for manufacture are provided, and workers are

trained to maintain strict hygienic and sterile conditions.

The large scale production of antibiotics by fermentation involves
growing the antibiotic producing organism in a liquid medium. The
correct pure strain of the micro-organism which produces that particular
antibiotic substance is chosen and then grown from the master culture stepwise
to the fermentor stage. This growth is carried out via a seri’s of inter-
mediate transfers from laboratory shake flasks to seed tanks of increasing
size and finally to the fermentor. Each vessel contains a liquid medium
with sufficient nutrients required for the optimum growth ~f the organism and

a transfer of the growth from a smaller to a larger tank is carried out at

5=-10% of the volume of the larger vessel. All transfers are made under

ageptic conaitions and, in fact, there are facilities not only for steam
steriligation of the vessels, but also all outlets from the tanks are
continuously exposed to flowing steam so as to prevent contamination of the
broth by other organisms. The plant equipment is made of iron or preferably
of stainless steel, and the tanks are equipped with mechanical agitators
and dip tubes for aeration of the broth, so as to obtain uniform growth of
the micro-organism. Aeration is carried out with compressed air which is
first sterilized by filtration through suitable cartridge filters before
being passed through the stirred broth. Strict temperature control at all
stages of the fermentation is maintained. The pH is also controlled
between narrow ranges by the addition of acids or buffer salts. The
fermentor has sampling devices so that the progress of the fermentation can
be monitored by suitable analytical procedures which depend on the type of
fermentation being carried out.
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Once analytical assay indicates that the antibiotic concentration
in the broth has reached an optimum, the batch is harvested. Usually
the antibiotic is in solution so the broth is filtered to separate it
from the mycelia which are discarded. The filtrate is then solvent
extracted to isolate the antibiotic and the subsequent purification
procedures depend on the nature of the antibiotic. The attached flow
diagrams (Appendix VII) show the steps involved in the fermentation and
recovery of tetracycline base and the formation of tetracycline hydro-
chloride. It can be seen that tetracycline base is isolated from the
filtrate as the calcium complex and then converted back to base. Most
of the antibiotics are manufactured by fermentation. However, chloram-
phenicol and some of the newer, semi-synthetic penicillins like

Ampicillin are produced industrially by chemical methods.

The Appendix VIII to X gives general \classification of equipment|required
including those for basic manufacture as also of(érocess controi};instrumonta
and laboratory instruments for quality control and product development roggarch.

3
The major raw materials required for antibiotic production are given

~

in Appendix VII,

Production of chemical intermediates for Synthetic drugs: For the basic

production of drugs from locally available raw materials, an integrated
development of all the chemical raw materials for the chemical based
industries is necessary. In developing countries, ths expansions that

take place in the manufacturing of basic chemicals as also in the chemical
based induwdries including drugs, have to be linked at the stage of pro-
ducing intermediary chemicals which is the starting point of chemical based
industries(Appendix XII). In other words the development and production of
the ohemical intermediate are a series of exesroises on import substition which
has ta be_ progressively achieved. This step can be undertaken as more and
more basic chemicals become available and the expansion of chemical based
industry makes it possible to set up economic units of production of the
intermediates. There are many coproducts that will be involved in such
manufaciure and they will have to be found proper uses in allied industries.
This is & continuous process and is like solving a gigantic jigsaw pussle
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and involves not only development of drug industry but also dyes,
plastics, fibres, synthetic rubber, pesticides, etc. The basic raw
materials involved are the chemicals based on alcohol, coal and
petroleum. This means that not only these resources have to exist, but
units get established for making alcohol based chemicals, coal

based chemicals and petrochemical reformers and Crackers. Such develop-
ments are not possible when these resources do not exist or the oountry
is not big enough for undertaking such projects. This can only be
solved by regional cooperation between countries which have the resources
and setting up of regional units located at the most oonvenient centres,
whose production then can be shared by the different countries within
the region. Exchange of chemical intermediates produced where natural
facilities exist between developing countries can also be examined as

an alternative.

This problem is not so acute in the production of antibiotics,
plant products and those based on animal by-products. The nutrients
required by the antibiotics industry are mainly agricultural products
and their supply is dependant on overall agricultural production. The
other raw materials such as solvents, precursors, filter aids, etc., are
not difficult to import from other producing countries at reasonable
prices. Similarly, plant products are based on local resources and with
the required climatic and soil conditions, can be cultivated or if they
grow naturally collected from wild sources. Animal by-products need
Proper organization of abbatoirs and collection of glands, organs, etc.
and their storage under proper conditions to prevent the deterioration

of active principles, before they are extracted.
If proper attention is given, these products can be undertaken by
developing countries more easily than chemical intermediates to enable

the production of synthetic drugs from basic raw materials.

Croup V of the countries are those who manufacture the intermediates

required for the pharmaceutical industry and produce plant and equipment
required. They also undertake local research in order to develop new
products and improve manufacturing processes. The steps to be taken by
them are:




(a)

(b)

()
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expand the range of intermediates and the volume of production

to be able to meet other developing countries’ requirements;

expand the production of chemical plant equipment and machinery
both for the production of dosage forms and the production of

drugs from basic chemicals;

undertake R and D to develop new processes and screen new products.
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Countries at this stage have reached near self-gufficiency with
regard to raw materials to start from basic stages, the range of
therapeutic groups, developmental and process research, and an
effective distribution system. The developing countries arrive at
this level of operation (which is comparable to international
standards in production technology and the quality of products)
after many years of experience with intermational collaboration.
Although they have not reached a stage when they can be self
sustaining.ss regards discovery of new products are concerned,
they have achieved a strong technical base, the capacity to pro-
duce different chemical intermediates and thereby improved their
negotiating power, can select processes most suited to their
conditions and have the capacity to absorb any new technology

and improve on it with their local R and D facilities. List of
intermediate and basic chemicals for production of drugs are given
in Appendix VIII and IX,

As regards their capacity to produce machinery and equipment
this depends on how well the co-ordinated development of other
engineering industries have taken place. In the same way as the
manufacturer of basic drugs from primary raw materials in a
country depends mainly on the status the chemical industry has
reached in the country, the dependence on capital goods to pro-
duce drugs depends on the status that the engineering industries
have mchieved. In the following pages are described briefly

the classification of equipment involved.
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§ Production of machinery and equipment

(i) for production of dosage forms

(1i) for production of drugs from basic chemicals

5. These form a part of the engineering industries and these
developments can therefore be undertaken as mentioned earlier
only where fairly well developed Engineering Industries exist in

the country.

6. Here again such activity is possible if there is an adequate
demand from the chemical and chemical based industries and envisages
rapid developments especially in the field of dyes, drugs, pesticides,
fertiligers and petro-chemicals. The type of equipment under broad

headings ean be classified under four main categories:

(i) phamaceutical processing and packaging machinery, ( Appendix VIII)
(i1) Laboratory and research instruments, (Appendix IX)
(iii) chemical plant and machinery including specialised,
equipment for services and utilities, (Appendix X)
(iv) process control instruments, (Appendix XI)

7. Under each of these categories come a large variety of equipment
and instruments. It will be necessary to have a further breakdown
of the different categories into individual types depending on the
expansions envisaged in the industries to study in detail the
present status and future needs. This will be very much dependant on
the development of Consultancy, process engineering and design and

project management in the country.

8. After having arrive at the probable requirements arise the

problems of:

(i) selection of location
(ii) selection of right process and know-how
(iii) planning for finance
(iv) detail process engineering and design for equipment and plant

(v) procurement of right materials and planning for equipment
fabrication

(vi) manpower planning, recruitment and training
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(vii) Installation of equipment
(viii) test run and start up of plant
(ix) regular routine production

9. Such an activity, however needs ocapable engineers with experience
in a variety of design and development activities. .
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—

Kpggjent protection and negotiation for acquiring appropriate technology

PaEgnt protection plays some part in holding up industrial
developmeht in some countries which have strong patent laws which
cover both user and process patents. But in developkng countries
there are usually only process patents and in some none at all.
In others patent protection on drugs are prohibited for drugs
while others have made the patent laws so weak in the field of
food and drugs that they - the patents granted - are endorsed
with a 'License of Right' and a clause for compulsory licensing
exists. The period of validity of the license ig also very much
reduced. In all these cases what holds up industrial development
is the access to'unpatentgd know~how'rather than what is revealed
in the patents. If a country has an adequate technical base to
unravel the unpatented know~how and has access to intemediates
the permission to use a patent is very simple and the rates paid

in such circumstances if at all is something very nominal.

Hence countries which have developed a strong technical
base and have access to chemical intermediates are able to
negotiate better to obtain the unpatented know-how to establish
productions. They have the wherewithal to absorb the new tech-

nology and improve on it with the local R and D facilities.

It is only the lesser developed countries which do not
have the appropriate background in order to be in a position
to understand, untangle and compare the foreegn 'know-=how'
are unable to negotiate proper deals. They often negotiate weekly
and grant excessive concessions due to inadequate information on other
agreements and lack of ability of those who negotiate, who ugually
are non-technical people and therefore are unaware of the technical
aspects. Shortage of capital or foreign reserves and lack of
managerial skills to organise and operate plants are some of the
drawbacks which lead to projects being set up where national
priorities get little attention and production is undertaken
from stages which only increases dependence on foreign suppliers
of intermediate products rather than on local resources. Such deals
give more benefits to foreign interests rather than to the

countries economy.

i
l
i
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Countries in this category can easily be helped by the
technology division of the UNIDO in the selection of products,
type of technology best muited to the country, the better
utilisation of local raw materials and help in negotiating
better terms and conditions for the acquisition of appropriate
technology. This division can also help technical co-operation
between developing countries themselves in areas where the
technology is more easily adaptable when prevailing local conditions
are similar. Certain guidelines for the acquisition of technology
which would be of help in negotiations has been suggested by the
Second Panel Meeting of Industrial Experts on the Pharmaceutical Tndustrv and

outlined below:

(a) For drugs on which the patent has expired, the cost of purchasing
technology and ronufecturing know-how (often cxpressed in terms of technical
fe::s and royalties on sale) should be at a reasonable rate, appropriate to
the product concerned in view of the patent expiry dates

(b) For drugs on which the patent has not expired, the cost of buying
the iechnology and manufacturing know-how may be higher; however the nearness
to the ¢nd of the patent life should be taken into accountj

(c) When only supply of know-how for formulation is involved, such
payments should be reasonable, appropriate to the information supplied;

(d) When further stages of manufacture are undertaken within the country,
higher payments are admissibles

(e) The package of terms and conditions should admit different scales
of royalties, taking into account the technology involvedj

(f) The transfer of technology and manufacturing know-how should be as
complele as possible in the sense that the developing country should be
entitled to existing and new information on the medical effectiveness of the
drug, improvements in the manufacturing process made by the licensor etc.j

(g) Persommel of the developing country should be trained to manage and
operate the production facility and to undertake product information, distri-
bution and product research and development activities;

(h) The technology transfered should be adapted to suit local conditions,
&8s and when required, by the supplier of technology collaborating with local
expertise of the developing countrysj

(i) When the drug is manufactured from a late intermediate, the supplier
of technology should ensure that the required quantity of the intermediate
shall be made available at reasonable pricesj




(3) 1In recognition of the desire by many developing countries to develop
exports, the inclusion of such export markets should be concidered by both
parties when negotiating each technology transfer arrangement. (It is recognized
that in several countries the restrictions on procurement of key ingredients such
as intermediates from particular suppliers need not apply. This will depend
on the technological competence of the company concerned and would in any case
be a matter of discussion between the interested parties.);

(k) The supplier of technology should assist the developing country in
undertaking the production of late intermediates within the oountry in a phased
programne, so that all or as many stages of production as possible are under-
taken within the country.
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C;\ROIOTION OF DRUGS UNDER INDLIENQY'S SYSTEMS OF MEDICINE

In developing countries a large portion of the population
depend on the indigenous systems of medicine. It would go a long
way in meeting the medical needs of these countries if some of the
medicines used under these systems were standardized and up-graded
after a proper screening programme. In addition to detemining

the efficacy of the products for the purpose for which they are

!
\
\
\

prescribed it will also be necessary to weed out many useless
preparations that have come into existence and have been

responsible for exploiting the gullible public. The methods to be
adopted by different countries will not be the same but some
indication to developing countries as to how best they can improve
these systems of medicine and make them more effective are suggested

below. .

1) A system to screen and select the useful preparations should
be undertaken. Having done so a formulary should be laid down, to
ensure that what is dispensed is of uniform standard and will
give the required therapeutic response (about 444 preparations
have been listed in a national formulary for indigenous drugs

in India).

2) A wniform standard of education in these systems of medicine
should be evolved and a Central Register of practitioners should
be maintained. A minimum standard of education should be pre-
scribed to practice the system to avoid quacks dabbling in the
health of the people.

3) A post-graduate institute or department financed by the
government should be established to specialise in different
branches of the system of medicine.

4) A Central Council for Research in indigenous systems should

be established as an autonomous body engaged in intensive research
in the different fields. They should take up, among other schemes,
Drug Research, Literary Research, Clinical Resmearch, Mobile Clinical
Research and Survey of Medicinal Plants throughout the country.
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5) Herbarium sheets, to identify the right herbs required
prepared and experimental gardens, for the exploration of medico-~
botanical wealth should be established. Folklore claims should
be scientifically examined. Books containing simple remidies

for common ailments should be prepared and published.

6) The Phamacopeial Laboratories for indigenous medicine
should be established with a view to work out standards and
develop tests for single drugs and compound preparations used
in these systems of medicine. A museum of medicinal plants
should be set up to facilitate identification of drugs used in

Indian system of medicine.

7) State governments should establish their own phamacies of
indigenous medicines to meet the requirements of drugs for their
dispensaries and hospitals. Privately run pharmacies should

also be allowed to be set up and encouraged in the country.

8) The drug control in these systems should be enforced by the
state governments under the prevailing legislation under the

Food and Drug Administration.

9) To cater to the requirements of drugs of these systems and

to increase their all-round availability, govermments should
establish in addition to central pharmacies a public sector
undertaking. Financial assistance should be given to state
governments for development of similar pharmacies and herb gardens,

etc. in their own states.

10) Incorporating certain modern drugs with the indigenous drug
has also helped in bringing about improved preparations. This has
the advantage of reducing the toxic effects of the ingredients
and making the preparations cheaper. Such useful preparations

can also be incorporated in the national formulary.

Traditional medicine is extensively used in developing countries
&8s they are cheap and within the reach of the common man. Hence

traditional medicine will play an important part in the health .

services of these countries and how to improve the use of the
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locally available substances of natural origin is already receiving

the attention of governments of these countries.

The very shortage of modern medicines and their prices
being out of reach of many people in developing countries is a
major argument for an adequate evaluation and sensible use of

these resources within the local health care systems.

Medicinal plants are one of the major components of traditional medi-
cine and represent a complete set of therapeutic and cultural values., No

doubt extraction and isolation of thoir active principles have, in
several instances, led to some of their active principles being

adopted in modern medicine and synthetic substitutes prepared.
But still there is a feeling in the practitioners of these
indigenous medicines, and probably rightly so, that they should
not be mutilated and reduced to mere phytotherapy but should be

used in its original form for them to be beneficial.
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APFIDI /S 1

REQUILKEMENT OF EQUIPMENTS IN VARIOUS DEPART-
MEMNPS OF LRUG FORMUIATICN UNLT.

TARLET DEPAPTIMENP ;

Capacity 1500 million tabléts/year

6.25 million tablets/2 shifts/day.
Average Wt/tablet : 350 mg.
2.5 Tonnes/day = 62,50,000 Tablets.

Floor Arca 485 sg.metres.

EQUI DIET

Granuletion.

1.

Platformm beclance - 1 tonne'capaciqy
Platform belance 300 kg. capatity
Two Pan Falance 10 kg: ‘capacity
Chemical bclance oo

Fowder Shifter:
Comminuting Mill - Jacketed
" " - Simple

Mixer:

Hobart type Mixér)- 500 Idtfés Capacity:
with Stirrer. )

Extra bowls for above .e . :

Hobart type Mixer)_ 400 Litres Capacity: .
with Stirrer ) .

Extra bowls for above .o $
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Steam opcrated kettle S.5. - 50 Litres :. 1
| " noom oo '-100 Litres : 2
| Mortar and Pestle (5 kg. & 10 ky.capacity): 1 each
| Cabinet dryer - Thermostatistically . 2
controlled - 110°C -
(Steam operated 48 trays)
Fluid Bed Dryer - 120 kg. ;1
" " - 60 ky. | :
Extra Vessels for above .. . :' 3 each.
Drying room (50 sqg.metres), thermostati- 1
stically controlled, with 6 Trollies ’ -
"of 48 trays. & '
Lubrication:
Powder Shifter - 50 kg.. . . S |
Granulator . : 2
Hobart- Mixer (500 1lits) == A |
Platfom balance - 500kg. cgpacity. | H 1
" " - ‘10 kg. - " 3 1
Compression Section:
Press Cocat (900 series) . | _' I |
Rota Press - 45 station ;“, . S | 1
(8000 tablets/minute) .
37 Station Rotary Tablet Machine -
. A ) 2
(2500 Tabs/minute)
27 Station Rotary Tablet Machine 2
(1500 tablets/minute) .
' 16 Statidn Rotary Tablet Machine 2 !
(500 tabs/minute) . _
Single Stroke Compression Machine : 1

(90 tabs/ninute)




Hardn:ss Tester 0 : 3 4
Vernier Calipers 3 2
Disintegration time unit : 2
Chemical Balance . s 1
Chilsonator (Roll dia: 20 cmx1Q cm, : 1
250 kg/hr) .o
Tablet Dedusting Unit : : 4 .

Coating Section: 1.5 Million Tablets/2 shifts/day.

Coating Pan - 60" ‘ 1
Coating FPan - 72" & . _: -1
Jacketed Kettle (20 1lit.) . 2
Colleid Mill : T I
Polishing Pan with Drive ' e v 1
IMG_r: - .

48 trays cabinct type ‘ . N 2
Two Pan Balance 10 kg. s 1.
" " " 1 kg. N
Chemical Balance BT 1. ¢

CAPITAL INVESTMENT IN ABCVE : : L
PLANT AND MACHINERY. eoe R8,3.,62 millions

(Us $0.42 million) . . .

II. CAPSULE DEPARTMENT :

Capacity : ¢ 240 million capsules/year
1 million cepsules/2 shifts/day.
Average Wt/caipsule : 300 mg.
300 kgs/day.

1

Floor arca t 255 sg.metres,




EOUIPMELITS

Platform Ralance kg.

Two Pan Ralance 10 kg.

One Pan Balance . 1 kg.

Mixcr - - 210 lit. capacity
Double Conec, Mixer 100 lit. capacity
Mortar and Pestle - 5 kg. capacity
Chilsonator - 40 kg/hr.

Drycrs specially designcd

Vacuum Dryer - 40 trays

Automatic Capsule Filling Machine
(xCr -Cadmach) - 500 caps/minute

R I o S N T O TN

c Extra accessories for £filling other
sizc capsules for above.

Semi-Automatic Cavsule Filling Machine
{300 capsules)

¢ Extra accessuries for other size caps.
Empty Capsule Loader

Capsulc Inspection Unit with belt 2 (1 Penicillin
: + 1 others)

Capsule Printing Machine 2 (12 + 1)

Chenical Balance 3
Humidity Recorders - 6 (Roomwise each)
Capsule Polishing Unit 2 (1 Penicillin

' . ' . ' +1 others)

ChPITAL INVESTMENT FOR ABOVE PLANT : Rs.1. 52 million
AMD M4LCHINERY .. .o et (US $ 0.18 million)

II1.LIQUID DEPARTMENT @

-
Cepacity - 1800 Kilo-litres/year

| 7soo litres/2 shifts/day.
60 mr. and 120 ml, pkgs.
94,000 units/2 shifts/aay.

Floor Area 890 sq.metres.
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EQUIPMENT

Weighing Bulunce Platfomm type 500 kg.capacity

- Double Pan 10 kg. capacity
Mono pan Balance 1 kg. ‘j

Mixing Tanks S.S. .
with Stirrer 50001it. capacity
1500 lit.capacity

500 lit.capacity

Jacketed Tanks 2000 lit. capacity
with Stirrcer . .
1000 lit. capacity

Planetary Mixer, Hobart Type 500 lit.capécity

Colloid Mill ces
pH Meter | ces
Viscometer ces:

ILob Pump (Pharma Lab.) - 1SOb‘lit/hr.

Filter Press - 2000 lit/hr.. ...

Eight heeds filling unit (48000 units/shift)
Automatlc Capping Unit .o

Automatic labelling Unlt ces

- butomatic Carton Opcning Machine

ECoqyéyor belts with checking units

" Automatic Gravity f£illing machine
for viscous liquid like Malt,

Kettle S.S. - 500 litres vee

CAPITAL INVESTMENT IN ABOVE
PLANT AND MACHINERY .., .

«*e

Rs.l 83 million
(us s o 21 million)

= e

=

-

TN NN B NN R R DR

. eaeh)

(7 metres

.....
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O1WIMLM DEPARTMENT ;

Capacity

- 60,000 kg/year
250 kg/2 shifts/day.

Floor Area

200 sq.metres.

Cleaning and Sterilisation:

Isopropyl Sterilizer for tubesr' s

Powder Sterilizer U.V.Close cabinet
of 5 kyg. capacity, $

Manufacturing:

Weighing Platform type Balance
200 kg. capacity.

Wei hing Two Pan BRalance .
10 kg. capacity.

Weighing Monopan Balance?.
1 kg. capacity.

‘Chemical Balance _: . t

Preparation:

- Jacketed Mixing Tank with Stirrer
200 kg. capacity.

Tripple Roller S.S.Roll o
. Ball Mill 50 kg. capacity
~ Edge Runncr Mill 25 kg.capacity

Jacketed Colloid Mill

Hot Air Oven (for Ophthalmic prcpara- )
tion) 200°C - 48 trays. :

Autoclave Doulle-Door

Filling and Crimping:

Automatic tube filling and crimping
machine 4000tubcs per hour.

Cchemical Balance - Mono Pan ]

-

T T T O )

1

1

CAPITAL INVESTMENT IN ABOVE PLANT: Rs.0.59 million
AND MACHINERY. ‘ (US $0.07 million)

(Sterile %
Non-sterile)

(1 Sterile +
1 Non-sterile,

)

(
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V. DARRUIERAL DEPAIITMSNT (including infusions)

Capuoity ¢ . 300 Kilo Litres/ycar
1250 litres/2 shifts/day.

Floor Arca : 305 sg.mctres.
EQUI PFRNT

Washing: N

Automatic Rotary Typc High Speed
Washing Machine' for ampoules and vials.

Demineralisation Plant 300'lit/hr.
Distillation Plant  ..500-lit/hr.
Rubber Stepper Washing Machine

100 kg/capacity,

Sterilisation:

Double-Door . nutoclavc w1th thexmo-
. recorder 24000 vials capa ity.

(44 'RAB"x54") .

DoubleDoor Dry Heeat Stellllser

20000 vizls capecity (65"x33"x32")

s

Storage tank with constant temperature
for distilled water 1000 litres.

Manmufscturing:

Weilghing Balance Platform type
100 kg. capacity.

Two Pan Balance 10 kg. capacity
Singlc Pan Balznce 200 gms.capacity.

S.5.Tank 200 1lit. capacity
Jacketed with stirrer.

S.S Thnk 100 1lit. capdcity
Jackcted with stirrer.

S.S.Pressure Vessel 100 lit.capacity .
S.S.Pressure Vessel 50 lit.capacity,
Membrane filtering unit column type.




VI.
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Merbrane filtering Unit 193 mm, 1 2

Mobrane filtering unit 141 inm, A S

Vactum Pump wiich high capacity : 1

Alr compressor I |
Filling endHSOaling:

Automatic multi—hc?d vials f@lling : 1

and rubber Stoppering unit with

sculing unit.

Three head ampoules filling ang

sealing machine, f 2

Laminar Flow ( 6 feet) . ¢ . 3 units,
legk Test: |

Vacuum Operated Vessel : 1

Inspection Unit for physical checking : 10

CAPITAL INVESTMENT IN ABOVE
MACH1KERY.

PC/UER & GRAMULES ZWCTION:

Capacity

Floor area ' 3

EQUIPIENT
Mixcer ( 210 litres capacity)

Dryer ( 48 trays)

Augur type Automatic Bottle
Filling Muchine.

Conveyor Belt

Semi-Automatic Capping Machine

Granulator

CAPITAL INVESTMENT IN ABOVE! PLiiNT';

FND M\Cl’ll“ERYf .o ve

60

PLANI AND: RS.2.29 millions

.t (US $ 0.27 millien)

Tonnes/year

250 kg/2 shifts/day

or

12,500 bottles,

165 sq.ﬁetres.

"2 (1 Penicillin
+ 1 others
: 2 ( 1] n )

ll)

’2( n

: ")

2('00
: 2

2 (1 Penicillin
+ 1 others)

Rs,., 0.48 million
: (US 5 0.06 Inillion)




- 40 -

VII. QUALITY CONTROL DEPARTMENT:

A,

’
Chemical Znalysis Divisio

Mettler balances
Melting Point apparatus
Hot Air Oven .
Vacuum Oven with vacuum pump -
Distilled water unit .

P

c—

Muffle furnace

Oxygen flask wich piatinwn basket

Platinum dishes and crucibles

Various types of Glassware

Waterbath (Electrical)

Gas Plant R

Other miscellaneous equipments.
- o8

Instrumental Analysis Division:

‘Gas Chromatograph

XiR.Bpectrmphat~meter
U.V.Spectrophotometer
Flourimeter
pH Meter T ol
Refrectemeter

Paper Chromatographig equipment

Thin Laycr Chromatographic eguipment

air permeability apparatus for
. surface area. ®
Polarimeter

Viscometers
(Redwood, OStwald and Brookfield
1 each).:

Tablet Dlslntegration machine
Tablet Dissolution ratcec m:chine

e = T

O NN W

- W

W =

»



Mechine. (20,000 r.p.m.) Eo
Zone reader 3
. Refrigerator ' )
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Tablet Hardness Tester . L o i
Tablet Friability Test Machine . : $
Tablet Inspection Belt B '

Karl Fisher Moisture determining '
apparatus,

Flame Phot_ometer Wiy oy
Vernier Callipers S 3
Micrometer Screw $

Potentiometric Titration .Unit T ¢

Microbiological Ana;géis Division:

Asceptic cabinet for sterility testinéz
Hot air ovens t

Incubators (to maintain tempereturs Y
£rom 0-50°C). Lo

Autoclaves (Sterilisers) P R T

-
-

Microscope with camera iycida i 3
Projcction Microscope

Refrigerated High Speed Centrifuge

Coulter counter e

Eharmacglogical AnaiisfgibiViéién:" 

Automatic Temperature Recording

.
re
- .,

Machine for Pyregen Test. D

Kymagraph for test for depressor

Animal House: S

Cages : (a) Galvanised cages for rabbits
cats and guinea pigs.

(b) Polypropylene or galvanished
 cages for mice.

NI SR S R S i

N o N

SECIETS VR S

e
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Animals: Rabbits for Pyrogens . H 36
Cat for Dcpressor test : 6
Mice for toxicity . s 200
Guinca Pigs for toxicity : 50

CAPITAL INVESTMENT IN ABOVE PLANT AND S i
MACHINERY .. 5.0.81 million.

(U.8, $ 0.09 million)

VIII. RESCARCH & DEVELOPMENT DEPARTMENT (FCRMULATION)

Area ' : 150 sg.metres.

EQUIPMENT ’

Tablet Compression Machine - Single Stroke i 1
Rotary Tablet Machine - 16 station. s 1
Mixer .o | : oo : 1
Granulator .o ot s 1
Coating Pan .o .o R I |
Oven Snall size (Range 40°c-200°C) | : 1
Capsule Filling Machine (200 Capsules)capacity: 1
Balance - 5 kg. capacity S |
Chanical Balance Single Pan - 200 Gms. . 1

. capecity. :

‘“Priplc Roller Mill - small -size. 1
Colleid Mill - small size. ] 1
Jucketed Vessel & Stirrer - 5 lit.capacity : 1
Ball Mill - 2 kg. capacity i ' : 1
Tube Filling Machine - semi-automatic s 1
Tube Crimping Machine- semi-automatic s 1
Liquid Filling Machine (range 1 to 30 ml.) 1
Capping Machine for Vials & Bottles) . : 1
Mini-Bottle and Vial Washing Machine . H 1
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autoclave  Small size - | e s 1
mmpoule Scaling Michine | o1
Incubator 30°, 450, 60°, cach 2 ¢ 3
Refrigerator small size. ' : 1
Humidity & 'I‘(-?mperat'u'rt‘e Control Cabint : 1

Library Books % Périodicals :

\ 2 N 3 I " <N . / g J. J . \ ) { .
;ﬁg}ililngip\EST ASNI IN ABOVE PLANT AND: Rs. 0.32 'miilion,
ERY. e . *+ ¢ (U5 §°0.04 mil1tdn)

IX. CENTRAL P/ACKING DEPARTMENT

Area ¢+ 750 sg.metres.

EQUIPMENTS : | ' |
Strip Packing Machine {(Six Tgbiets) : 6 . |
Conveyor Belts (5 Metre each) : 12

Automatic Tablet Counting and

Filling Machine. s 2

Automatic Capsule Counting and s 1

rilling Machine.,

Automatic Capping Machine s 2

Tin Sealing Machine . s 1

Gumming Machine . s 2

Automatic Carten Opener s 3

Automatic lLabel & Carton Printing Machine: 2

Automatic Printing & Labelling : 3

Machine for Vials and Ampoules. .

Heat Secaler for Plastic bags : 3

CAPITAL INVESTMENT FOR ABOVE PLANT AND: Rs. 1.18 million
MACHINERY .. .o .o t (US $ 0.14 million)

[




Xe MalNIENANCE % COMAON UTILITY SERVICES DJPARTMENT:

Area ¢+ 375 sqg.metres.,

EQUIPILTIY

Lathe (165600 mn) (Kirloskar) ¢ 1 |
Lathe (3004200 mm) " : 1
Lrilling Machine (2") (Praga) : 2
Bench Grinder (150 mm) (Wolf) : 1
Flexible Grinder - medium size (Wolf) : 1

Portablce Drill Machine:

Upto 13 mm, size (Wolf) s 1

Upto 38 mm, size (Wolf) OO |
Portable Blower - small size (Wolf) : 1
Electric Welding Machine : I
12 KVA 3 Phase 0il cooled (hdvani) '
Gas Welding Sect (standard ‘S'LZC‘) i 1
nir Canpressor - 20 HP, 3 Phase, s 1
60 CFM, 150 PSI (Ingersoll Rend) :
Vacuum Pump ~ 10 HP, 3 Phase,
177.0 C¥i, Ultimate vacuum - 0,005 s 1
(J.B.Sawant Engg.)
Gas Plant - 8a Size Gas produced .1
141.5 c.metre per hr. (Ganson) )
Boiler - 2 tons capacity Wanson : 1

or WIMA India)
Water Treatment Plant:

(1) Demineralised water plant 1000 litres per hour.
( (1i) water Softening Plant - 10000 litres per shift,
(1id) Pistilled water plant

500 litres per hour.

Airconditioning Plants 3 r'ants.

BO tons capacity.

CAPITAL INVESTMENT IN ABOVE PLANT AND: Rs,3.069 million

Ref: Project Profile for a Drug Formulation Unit by I.A. Modi, Cadilla
Laborantes, Ahmedabad, India

Y




APPENDIX YY. LIST OF PACKAGING MATERIAL FOR REPACKING ACTIVITY

I.h'm of Centutners .

!

i
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Remarks
Specially
. andd other
wmned Tablets.
{ape.
B rugaled ndividuel
ne dispensed
| wmmed ing

carrler boxes.
(b) Gummed
tspe.
ugated

Shippers '
(a) Corrugeted -

Outer
Individuay
printed
cartons

(b) Inserts

a) Labels

b) individua)
printed
cartons

serts
Lsbe
Printed
Individual
cartons

Closures
(e) Polyathyiene (o)

screw caps
(b) Dust caps
Bakelite
screw caps
Corks or
e ¢
P
oy
silicage; bags
screw with
siicagel beg
ing
or

squesze
botties 10 & 20
mi. cepecity

il il

of . Contsiners
Formulation
2. Polysthylene

SLNo. T
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APPTHIX 11T, LIST OF AMCTLIARY PROTMICTDS REOUTRED TO FORIITATS DIAIGS

Ppilu entn

Iactoce

Starch

sucrono

Manintol

Dicalcium phosphate

Calcium sulphate

Microcrystalline ccllulose (Avicel)

Pinders

(um acacia
Gum tragacanth
Gelatin
Starch paste
Sodium carboxymethyl cellulose
Methyl cellulose
- Ethyl cellulose
polivinyl pyrolidene
sodium alginate

ygbricants

Talcum powder

liquid paraffin

stearic acid- S

calcium stearate .
magnesium stearate

Coloring Arsents

only certified food and drug colors

Flavouring Agents

Make dosage forms more paletable act as a .mark against undesirable
taste of the 1ndgredients.

Capsules ' .

Hard gelatin capsules
Soft gelatin capsules
seamlcss capsules

Prulsifying arents

Tween 80

span 20

benzalkonium chloride
glycerylmonistearate

gum acacia ' .

Suspending arents

* sodium carboxyhmethyl—ccllulose ‘ "

“0thyl~0011u10ﬁ0 !
Carbopul (polyacrylic acid) s f
sodium algriate : ~ ~ .
um acacin .

“gum tragacanth i

e




Procervationn .
alcohol !
hydroxy benzoates _ . }
sorbic acid 1
- . . .

I"
y
o .

[

.l
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APPENDIX IV,

BIO-AVAILABILITY OF A DRUG FORMULATION DEPENDING ON THE AUXILLARY
INGREDIENT:, PARTICLE SIZE, METHOD OF FORMULATION, ETC,

o A .

g /\ Toxic

v \

D

o

'§ Potentially

Foxi

2 O?(IC

£

= e LB Ry 1"_‘ :

:o: l ’?’.;;" 3w, ' _ Therapeutic

g 7 R e S

S ﬁ{ o ‘ Suboptimal
/ uboptima

51/ C

Q ]

Time after dose

All three drug formulations A, B and C release the same
total dose into the bloodstream. But drug A is released

so fast that it reaches toxic levels, while drug C is
released so slowly that it never reaches the level at which
. it has any effect. Only drug B is medically useful,
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APPENDIX V. (contd.)
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LIPT OF EQUIPMENT FOR

WILTIFURPOSE PLANT

ESTIMATED COST OF EQUIPMENT

A, Process Equinment

1. Glasslino® reactor 1000 litrzes,
jacketted with anchor agitator,
condeascer, recciver 500 litres, 2 Nos,

2. 5SS Roactor jackettod with
stirrer, 100 litr.:s MS Receivar
500 litres _ 2 Nos. -

3. MS Distillation unit (1000 Litres)
with receiver (5000 litres) 3 Nos.

4. Cast Iron Recactor jacketted anchor
tysc stirrer, MS receiver 500

litrces 1 No,
5. SS 316 centrifuge 1000 mm Cia 2 Nos,
6. MS rubberlined centrifuge
1000 mm Adia . 1 No.,
7. Stcamheated Dryer -
72 Aluminium trays (80x80x3) 2 Nos,
8. Vacuum steam hcated tray dricr
with trays as above 2 Nos,
9. SS Crystallizer with jacket and
anchor tync stirrer 5000 litres 3 Nos,
10. Pressure lcaf filter S8 2 Nos,
Total FOB Bombay Us § 200,000
1. _
Drugs that can be produced. 1. Methyl SMicylate '
2. Aspirin
3. Paracetamel
4. Nicotinomide
5. Isoniagzed 200 tonnes/yr
6. Phanaceton

T. Phenyl butasons
80 Lidlo&im




B, Scrvices Equinmcnt

1. ater ring Vacuum
pump 80 m*/hr,
2., air comprcs:sorAs with
roceiver 30 cfm
30 psi with rcceiver
3. Stcam gencrating plant
600 Kg/hr. with water
softoener and acccessorics
4, Rcfritjcration prlant for
chilled wateor
20 TR with cooling towcer
5., datcr circulation numps
6..- DM water plant .
7. Electrical Distribution

Panel LT/HT circuit ‘br -aker

Total FOB Bombay US$ 90,000/-,

2 Nos:

2 Nos,

1 No,

1 No.

6 Nos,

1 No.

Sct
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L

1,

2.

3.

C. laborntory Equipments

Balances
Glassware
Vacuum Pums
Muffle Furnice
Elcctric Oven
pH mcter

Misc., Instrumcnts
thermometeors, mclting

point apnaratus cte,
|

2 Nos.

Sct

1l No.

1 No.
1l No,

1 No.

Set

Total FOB Bombay US $§ 20,000

Ref: Nultipur Basic Pharmaceutioal Plant Project Pr
Sarabhal ;acruﬁon_d Baroda, #ﬂ! a




APPENDIX VI,

Requirement of Raw Materials for the Maunufacture of Antibiotien

*Penicillin
Streptonycin
Tetracyclines
Ncomycin
Raw Materialss
Carbohydrates
Strach
Dextrin

Dextrose
Cane Sugar

Protein Sources

Scya Flour

Corn Steep Liquor (507%)
Ground mut meal
Amoonium Sulphate
Sodium Sulphate
AMDONIUR Gnioride
Manganese Sulphate.
‘Zinc Sulphate

Sodium Bi-phosphate
Sodium Chloride
Potassium Acetate
Potassium Dihdrophosphate
Sulphuric Acid (Tech)
Nitric Acid (Tech)
Hydrochloric Acid (Tech)
Oxalic Acid (Tech)
BbA.

Alkalies .
Calcium Carbonate (Tech)
Sodium Nydroxide (T'ech)
Potassium lydroxide (CP)
Calciwn Oxide (‘Tech)
Gases

Ammonia

Chlorine

Nitrogen

Carboxide

Solvents

Butanol

Butylacetate

. Methanol

Isopropyl Alcohol
Octanol .

Quéternary Ammonium Comnounds
Arquad [Citramide

‘NID/Tretolite
Filter Aid

Dicalit e/ﬂyflosupercel

Decolorisina Asent

Active carbon

Resins (Reolenishments)
IRC-50

IR-45 or equivalent

IR-124 or equivalent

" Deacidite FF

Zeocarb-225

Antifoamers

Wax -Emulsion

Vegetable Oils
Miscellancous
Formaldeyde (30%)
Potassium Phenyl Acetate

Phonyl acctamide and Phenyl acotic acid
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FERMENTATION, RECOVERY OF TETRACYCLINE BASE ( CRUIE)

FROM PERMENTOR LIQUOR

Hlf.llo ORGANL:

\)u I

| WA WA IO r.).-

G ERMINATION
T nARYEe ! ”/’ |
AARVEGT TTTE e e e SLLD TANK .
: . rrnnmrac , '

' . . r s VACUUIA

[ F'LTR’\“_’)” T e e enaw ceviee \\'.
Vv

D2AIN

~Z.

PRECIPTATION
OIT CALCIUM
COMPLEX

VACUUM

-

FILTRATION

{

AQUEDLS ¢
ACAD 20D cAarenn
TREATYMEWT

= DRAIN

ALTYRATION
-1
I PRECIPITATION e e LI -
: ) | .
[RETRAToN [T = —— I ,

e, . '

. . = - .
. u:tt *
_ mYING e . o— s S Lt
[®)
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PREPARATION OF TETRACYCLINE HYDROCHLORIIE
# FROM TETRACYCLINE BASE ( CRUIE)

et TLTRACYLINE 12ASE (CRUDE)

- : . NC—WATLE, HyDjochioric (ACi)

DISOLUTION OfF
BASIE AND CARDBON )
Fll.TRATION | ‘5 :

. . BUTANOL,
PRECIPITATICN L

FILTRATION

DRYING AND
PACKING
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4dS%-OP INTERMEDIATES AND BASIC CHEMICALS FOR: PRODUCTION OF DRUGS

APPENDIX VII, = ~
Unit - Tonnes

Name of Chemical /Intcrmediate

A. Alcohol based

1¢ Acctic Acid

2. Acetic anhydride

3. n-butanol

4. Butyl acetate

5¢ 2-Ethyl hexanol

6. Ethyl acctate .

B. Methanc oand Methanol based

1+ Methanol

2, Formaldechyde

3. Methylamine .
4. Dimethyl sulphate |

5. Methylene dichloride . - .
6. Nethyl chloride

‘e Other derivatives based on alcohol

-~

1+ Nonochloroacetic acid
.2+ Accto acetic ester cyanoacetic ester
- 3¢ Methyl dichloro acetate
4. Aceto acetic ester
5« Diethyl malonate .
D. Coke-oven products and their derivatives

- 1+ Benzene

2. Toluene

3. Phenol

E. Petro Chenicals Products
p 1+ Benzene

2. Toluene

3. Orthoxylene

4. Ethylene oxide
5« Acrylo Nitrile
6. Acctonitrile

7. Butanrol

8. Acetone
9. MIDK

10. Fthyl chloride
11, Moo




12, Nitro Benzene

13+ Heta amino phenol

14. M,C.B.

15, Aniline

16, Acclonilide

17+ Para-nitro tolene

18. leta Nitro Tolucne

19. Ortho Nitro Tolucne

Other products based on Toluenc and Benzene

20, Acetophenone

21, Amino chlorobenzophenone
22, C and P nitro phenol

23+ p-Chloro phenol

24, p-Chlorcbenzene sulfonamide
25, 2-5 dichloro nitrobenzene
26, Methyl benzene sulfonate
27. p-nitro aceto phenone

28, Benzaldehyde

29, Benzoid Acid

30. Benzyl chloride

31, Benzyl cyanide

32, p-chloro benzoic acid

33. 2:4 Dichloro bdenzoic acid
34. p-nitro benzoic acid

35. m-nitrobenzoic acid

36. p~toluene sulfonamide

37. Phenyl acetanmide

38, Phenyl acetic acid and its salts




Iydrazine hydrate 50/
Phenylhydrazine
Pyrazolone
Paraphcenetadine

Para Amino phenol
Thiosenicarbazide
Acelyl Sulfanilamide
Cyano Acctic Ester
Acetyl Acctone
Acetobutrolactone

. Dicthylamine
'l'riethylafnine
Monocthylamine
Malonic ester
Sulfaguanidine
Diethyl Carbamly chloride
Trichloroacetone

High pressure synthetics plant

DRUG INTERMEDIATES

1. Beta Picoline

2+ Alpha Picoline

3. Pyridine

4. Comma Picoline

Along with dve intermcdiates

- 1s Methyl dichloroacetate
2. Phosgenc

3+ P. Tolucne sulphanamide
4. Ethyl chloroformate

‘Along with (Textile Auxiliaries)
1+ Quaternary Ammonium Compounds
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. APPENDIX  VILT, LIST OF MACHINERY REQUIRED FOR FORMULATION (F DRUGS
.o AND PRODUCTION OF DRUGS

PHARMACEUTICAL, PROCESSING AND PACKAGING MACHINERY:

Type of cquipment

1. Tablet presses and accessories
2, Coating und Polishing pans

3. Capsule filling, band sealing
and capsule printing machines,

4. Tablet and capsule counting
devices,

5 bintmont‘-mgking and £illing
maohines, ’

6. Automatio bottle washing,
f1lling and labelling machines
for oral liquids,

oo

7. Equipment for sterilo.
preparations

8. Powder filling machines
9. Pilfer proof capping machines

_ 10, SBtrip puékaglng machines and
accessories, :

11, Low Humidity equipment,
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Appendix IX
LIST OF EQUIPMENT FOR CONTROL OF QUALITY

LABCRATORY INSTRUMENTS FOR RESEARCH AND QUALITY CONTROL:

Type of equipment

Typoe of cquipment _

1) Microscopes, including avili) SPICIAL |iES|....'\nCH INSTRUMENIS ;
Binocular Microzcopes a) Coleinan Nitrogen '

“h Motlers § actescorivs analyscr
" I‘:lt{c glass cloctrodes ele. b) Waiburg Outflt unit
) - with accessciles.
lil) Refractometers ¢) Coleman Carbon
v} Viscomelers . Hydrogon analyser.
. d) Motticr micro and

Senii-Microbalances.

v) Photo eicclric Coiorimeter.
o) Horacous Scini.

vl) Flame pholometer _ b"c' ocombustion
>l N ﬂlL .
vil) Spectrolhotomoters : f) Cenco Molsiure .
8) Absorbticn & emicsion balanco . ) !
type. . 9) Laybold iab. 2 siage
. . vacuum pumps. .
b) infrared h) Laobline universa ’
. speclrophotomerar penetrcmeter.
¢€) Spectronic 20 1) Spocla} Sterlo
. Microscopes
viil) Paper & thin layer D Dlalyzers, with
. chromatograph. accessorics.
ix} Column Chromztograph K) Impactograph
x) Gas Chromatagraph 1) Aerosal Lab cqulpment
. x) Kerl-fischer moisture m) Apparotus for tesling
t determination Apparaius, timed re.cosc of tublets.
~ xit) Tadlet disintegration and n) Elcctrophoretic
frlabllity testing Apporatus.
equipment. o) Tenslomoter
«hi) Rcfri{;cralcd Lab
centrifuges.

xlv) Zone readers.

av) Automolic sample
collectors,

xvl) Auvto analyzers &
automatic titration
apperatyus. L

[}
avll) Loboratory hard-ware
Wke ovens refrigerators,
. Lab. centrifuges, veep
. freczos, ovens, Vacuum
ovens, Chemical .
lances, incubators, :
Bterllizers, shakers, . '
ers, Conctant temp.
_ « slandid siove
. sets, elc, :

M .
-
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1.

LIGT OF MACHIUAIY REGUIRED FOR BASIC PRODUCTIC!] OF DRUGS

CHEMICAL 1ROCESSING PLANT AND TAACHINENAY

Type ef equpment

|
e e m e e e e aee o i

fleuction venels, pressure
veenels, storage tanks, silos,
bins cte,

. Speciatized Anti-carrosive

cquipinent ke Geos lincd,
rulbber dined, plastic coated
und libre glass based cquipinent.

Agltators of virious types with
reduction gears.

Transfer ecquipment such s
umps made of SS, rubber

ined, PVC, MS, CI or Bronze;
blowers, conveyors, elevaters
and other materal handling
rqulpment, \

Water ring vacuum pumpa, .
steam ejectors and high vacuum
pumps,

.

Separation equipment Including
fiter presses, centrifuges.
screens andd cyclones, dust
colicetors, clarifiers liquid/liquid
oxtractors_elc.

Heat Exchangers, distiitation
columns, cvaporators and
crystallizers,

9

10.

"

12,

13.

14.

15.

Thermal equipment including .
rotary vaccum dryerg,

fluidized Lied dryers, spray
dryers, drum dryers ctc,

Size rcduction ecquirment
including crushers, tall
pills, tube mills, Hardinge
mills, pebble mille, hawmer
mills, reductionizers, ete.

Electrical equipment includ
ing motors, generators,
diesel gencrators, clectric
transformers, switch gears,
various types of starters,
cables, explosion vroof
motors and accessoriecs,

Pipes, valves and fi{tings
of various typec and of
different materials of cor--
struction,

Ventilation equipment
including fans, blowers, an
air handling equipimant etc.

Sorvioes cquipment like
Steam Boilers, refrigera-
tion compressors and oil
freo air compressors, cool
ing towers etc, ;
L]

Water delonisation, solte
ing and cffluent trecatmen:
plants,

Eloctrolytic colls to
produce hydrogen ote,




- Uy -

OCESS CONTIROLL I??m'misiul:lﬂﬁ:

" Process control instruraents vsed in
chamical and phannaceutical indusity
can be clasoibied as those which e
. uced for the measurements of (a)
Temperalure (b)) Pressure (¢) Vacuun
(<) Flow of gas and liquids (e) Liquid
level indicators (f) pH ()
Concenlration “of solulions - and gas
mixlures () clalive hwidily (i)

Type of cqyuipment
1. Sinple indicating instiumenis
for pres~ure ond vacuum, dial
thermoniclors, P nuters,
conduclivity inctere, Ammetors,
flow & level indicators..

2. Temperature, prezsure ancl ﬂow:
recorders and controllers, :

'

8. pH rocoiders and controliers.

ey ]

4. Rotameters and liquid lovel
controllers.,

*8. OIf gas onalysers:

6. Conlinuous recording
electrolylic . conductivity
melers.

1. Smoko densily melers “and
- ¢ontrollers.

8. Gos balance & speclfic
gravlly mclers. .

. 9. Humldity controllere and
rocorders,

10. . Oxygen probes.

11. Foam senzers and
« conltrollers.

12. Automatic process cyclo
controllers (bolh electric ond
and clectionic)

13. Temperature compensated
totullzers and raie ndicstors,

14, Long detanee trancpiecton  nead
) .

Deniity of gases (j) Eleclrolylic
conductivity (k) cunent (1) vo!' e ote.
Normally the control cehanioing used
are ecither thermostalic, mechanice!,
pneumalic, cleclvical or cleclronic.
Some of the important types of contrel
Instrumenls are indicaled belowr

Type of cquipraent

G 248 - e ——— . .} B & St e i

15. Minl compulers for process
conlrol
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