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SUMMARY

An ettempt has been mede in thie paper to eerve perticulerly the
different eepects of the aruge end phsrmaceuticals induetry with perticuler
raference to the drug needs in developing countries., There is no doubt that
many devaloping countries have a long way to go in cultiveting sophieticated
technology in this field. However, the competente of various developing
countries in adopting the production in the field of drugs and pharmaceuticals
veries which is due not only to the different eteges of educetional
development in genersl end of technolougical compatence in perticuler, but gleo
due to cepitel-intensive requirement of these intuetries. Such modifications
need fairly accurete etandards and whers humen life is concerned, this
compromise ia not possible. All tha developing countries ere in tha procaee
of reorganieing their heslth neede and today even the more ueveloped among
the developing countriss are not prepered to provide medical nesde to more
than 20K of their population., Obviouely, therefors, the drugs and
pharmaceutical induatry in theee countries anvissgee to have greeter
Justification in thie regard.

It is fairly necesssry that eech of the desveloping countriee defines
its scoie of production and pheees out the work to be undertaken in this
direction with ability to expand this for future development, In fact, in
conditions, euch ae bacterial, pareeitic, hslmenthic infections, the epec trum
of thair drug neede is materially different es that of the developed

countrias. A reference to this has been made in soms detell in thise pspar,

Ths developing countrias era now in the procase of drewing up liete of
sesential druge thet may fit in for their requirements, and thst mey take
cere of s large percentega of their heslth needs. Obviously, theee countriee
did nesd to make concertaed efforta in the production of theee essentisl
druge. Some of the esaentiel druge thet ere sveileble Canform, in generel, to
the beeic drug liete publiehed by the World Heelth Organieation recentl y.

Shereae bulk druge producéion 1e technology~-end=cepitel-inteneiva,
the formulation induetry ie historicelly leee expensive. It ie feirly
easier for the devaloping countriee to import bulk druge to begin with end
formulate them in their own countrise. The technologicael contsnt »f bulk
druga elso veries from drug to drug over a wida renge and the developing
Countries would neturelly heve to begin with the production of such bulk
druge sa ®ay requirs eimpler technologies so thet they may creste Cepability
to ecale up the eseme, end the more complicated techmologies can be takan at o
leter etege.

It has been tried to impreee thet in epite of verying eizee of the
different developing countries end their Phyeical cepebilities end neads,
it may bs more economic to orgsniee such regionel production unite ee nay




l. PREPACE
THE tern "technology" rcfers to the prucess of

transformation of inputs into outputs. Modern technology

tends to be capital intensive and maximises output per unit

of time and labour. Such a technology is suited to countries
where labour is scarce but capital is abundant. some develop-
ing countries have, conscicus Or unconscious of the consequences
Oof using such technologies adoptec them in the early stages

of planned economic development. "he objective was to

maximise output. But, it has turned out tbhat as a long run
measure 1t is not satisfactory. Developing countries generally
have a large under-employed man-power, lack capital and have
very uneven distribution of income. So, when capital intensive
technologies are used, only a few are employed. Also,

financial constraints limit the number of projects that can

be taken up. The effect of these things 1s that income does
not spread out and so the population does not have the
purchasing power. 80 the outputs (which are attempted to be maximized
%al\lroet any demand and ieads to gross under utilisation of capacity.
Also, even when the GNP grows, the pour stay poor and t is

leads to a lot of undessirable socio-economic problems. In
short it is not advisible for developing countries to copy the
developing world in choice of technology or in development
strategy. The developed world maximises output per unit of

labour (which is scarce) with the capital resources it has.

.



In the developing world it .s the capital that is scarce so
the objective snould be to get the nmaximum output per u.it
of capital, cashing in on the labuur resources they have. '
To put it moure generally, every coun ry should use the
.account,

technolocy that takes both the strengths and weaknesses into /
such a technology nay be called tne technology an, ropriate
for that ccuntry or, for chort, "A:. .ropriate Technology".

liost of the developing countries do not nave an
ectablished pharmaceuti-al industry even today. Obvicusly
these countries would do well to keep the foregoing in
mind vhen they start setting up one. Even those which
have some what established Drug industry should try and
adopt the kind of technology aprropriate under the
circumstances.

Let us not think of "Technology" as referring
only to process know-how. We shall talk of it as "the
mode Of management of health care ne.ds of the country*.
Technology, in this sense will refer to mode of manufacturing,
marketing and financing.
This paper discusses the kind of technology would

be appropriate to Drug Industry in Developing Countries.
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Health is one of the ba.ic needs of all living
bdings. From the ages of alchemists and crude surgeons,
mecical science has develoned and is to-day one of the nillars
of modern civilization. Ever since it was discovered that
certain chemicals administered in a certain fachion can
lesson or completely cure diseases, a specialised sector of
chemical industry has come to exist. This sector, which has
alre.uy attained the status of an industry is the drugs and
pharncceutical industry.

Since the human body is very sensitive to foreign
particles, the chemical used and the amount thereof and the
form in which it is taken have to be very carefully determined,
it nas very strict specifications. Since the remedies have to
have some bio-logical action, most drugs have complex structures
and stero-specific action. Hence the complexity of industry
itself,

Industrialisation and allopathy came rather late to
what have come to be known as developing countriec, Hence the
drugs and pharmaceutical industry also lagged behind (in these
countries) that in the developed world. Nevertheless, the D&P
industry in developing countries has m.de commendable progress.

This paper is meant to be a basis for discussion at
this UNMDO conference om Apropriate Technology for develoning
countries. This conference would take stock of the status of

the D&P industry in the developing world, and, since the

technology being used in the developed world is not nece:sarily



the most suited for every coun ry, suggest what kind of
technology would be most ap rupriate for a developing
countrye.

The word "Technology", in this vayer has a broadef
sense and covers all aspects of business.

It 1= presented in tcn scctiuns. This presents the
status of the industry in the developing world. 1t discu: ses
varl us aspects of this industry briefly. 1t precents the
trende in this ihuustry today, and identifies the shortfalls
of this industry in developing countries. A brief writ:-up
on the processes used for different broad categories of drugs
forms part of the pa—mer. This part will enable better
a . recilation of the an) ropriate technology suggested for the
developing countries. T..e question of distribution of drugs
has also been touched upcn. The constraints patent protec-
tions given to drugs Or nrocesses impose . on development of
pharmaceutical industry has also oeen discussed. The policy
back up the govts. of the devel.p countries shnhuld provide to
thic industry have been elaborated. Finally, suggestions on
the ap» ropriate technology which could be employed by the
deweloping countries have also been made,

3. gectjon 1

3.1 World trends in health management

gngd human welfare
With the progress of human knowledge and development

of technological skills, the basic principles of health
managenent have un ergone rapld changes in the twentieth

eentury.
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Barely a ccntury ag», icalth ~are as svnonvircus Jith

apothecaries, alcnenists and su.ge ns of dewbtiul wnowvledoe.

he ancicnt civilizatine bBad “icir “rod tinal a.stems -.f
hezlth care oeiative over generations . lowever, with the
continudus dilscuvery of nevw .wauicines, troester ins.ght: irto

the workin <°f the hw.an bouy and acvvent of electr:inic
ecuipuwent, mmouern nealth cure rac ices arc constantly
veln improved for the benefit of hunanity.,

in the first nalf of the twentieth century, the najor
emphasis of health care was on preven ion and cure of
diseases and Jody disorders. The discovery of a large
nunber Of anti-microrganism drugs has certainly benefited
mankind in the control and cure of diseases coused bv
microprganisms infecting the human body. This has rrimarily
resultec in increased life expectancy for all those who howve
access to modern hcalth care facilities. The develored
countries have reached a stage wherein almost the entire
population is sup orted by apvropriate health 2. re svstems
congisting of trained doctors, well ecuip ed hospitals and
ready availability of ap ropriate drugs. Develoring countries
have yet to reach this stage. A few developing countries have
low cost traditional systems of medicine that are able to
cover some of the disorders and diseases. lHowever most of
these traditional systems fail to counter infections caused
by microorganisms in the human body as effectively as some of
the modern remedies.

With a sufficient hold over microorganism caused
diseases, newer discoveries were in the direction of regulation
of malfunctions in the operation of the humam boudy, for

instance, anti-diabetic drugs. Aanother hallmark was the




advent of the oral e~ontrace stive to control hunmnn

rcorroducti n.

Jdith ~ons-ent newer 1iam uvenents in “he dirention »f
bett r c.ntrol ove it organism ~aused i1scases and 200y
nalfunctions the advant ol psythotropic .iedlcine: began in
the early 1960 and have roached a fairiy reasvnadle stane
O. advance.ent as compared to thelr forerunners-pain
ikillers.

The advent of vaccinations and imawunizations as a
preventive a.ainst diseases is a buon to the generatiuns of
the 20th century. Right at the infaney stace vaccinations
aca:nst major killer diseaser are adrniinictered, thus directly
lncreasing “he life e:xpectamecy. However, the field of
developnent of preventives against all the covion diseases is
ctill oren. This is an area wiere future developments in
mecicine are likely to be seen. A list of same predicted
developnents in nedicines as foreseen by certain futurologists
18 given in anne: ure I,

The table oelow give: the per-emtage of consumption of
antibiotic: to the total drug consumition for certain

developed countries

& (1974)

USA 12.7

Japan 22.6

Germany 8.8

France 8.4

Italy 11 02

Spain 27.2 :
U K 14.7

(Scurce s SCiIP Magazine)




3.2

8 @gainst he above, the ficure £or ln ia is hetwecn
20-30.. survey of c:: eanditure on drugs br C ovt, wsnitals
in .ncia r.oveals thot upto 50, of the ttul ex cndi'ure on
drugs 1is spent On antibi. tics and anit-infective drucs.

In nmost develoning c.untrie. , tihe thrust of nesl+h caroe
is vprimarily on the treatiwnt of _nfecti ns e ured by miciro-
org-nisms, Vhile in t.ie develonceu countries, !he empnasls is
more towvards oOther cutegories of drugs relating to legs
moderate aifictiont on the h.men race, for ins ocnece cardiovas-
culars, psychotropic:, etc. Develoning courtiies - ve vet to
reach a stage whcreby micro-organism infecti.ns are well uncer
treatment and they would aftord the nece:sary priority to be

given to other avenue: in health care.

Health care areas in devel:}ping countries and the
kole of dru ' '

According to infirma*ion available from ma~ticipating
developing countriers in a UN.LU consultation Ineeting on the
pharmaceutical indistry held at Lucknow in April-May 1976
the following disease condit.ons a ear to be the most
prevailent in these coyntries (including india). Though the
list is not exhaustive, it is indicative of the specific
areas 0f health care requiring attention in develoring
countries.

l. Tuberculosis

2. Gastroenteritig

3. Diahorrea and dysent

4. Anemia and malnutrition

' 5. Other helminth infections

6. Respiratory infections
7. Ascariasis




8. Filariasis and iialaria

9. Typiwid ono naratynnoid

10. Yaws

11. Conjvnectivitis and trachma
12. ochistosovmiasis

13. Cancer

14. Venereal uiseases

15. Viral infecti ns

16 . Cardiovascular diseases

17. Diabetes

18. Nervous uystem disorders

19, Tetanus

20. sScabies

21. Congevital disorders

22. Poliomyelitis

23. Heasles

24. Whooping cough

Tie health cire ‘ystem in ary country has to be
relate:i to the nvrevailing disease nattern and the
particular socin-economic considerations, which, to some
ertent, will vary from c.ountry to country.

While the structurce of suosport services 1lize medical
personr-el, h:alth centres and hospital and the requisite
staff and ecuipm:nt :hould relate to the cuantum and the
pattern of prwvailing disease areas as indentified above,
the drugs &pharmaceutical industry should be geared to
perform the function of delivering the appropriate drugs
to the alling wasses.,

One of the first steps is to identify the priority
or essential drugs that are re-quired for meeting most of
the prevailing diseases. For ins'ance, from the pattern
of diseases for most developing countries as shown above,
it is possible to draw out a complimentary list of drugs

recuired cure the same.

|
e




It is nccessary to draw up the list of essential drugs
in cvoperation with the industry, pwlic health services and
the i.edical pr fescion. The best drugs needed tor a
particuler treatrent may not necessarily be cher, =nd in
riany cases the choice of the drug may have to be directec bv
the econumic situtation of the country. For example, while
the best drug for the trcatment of leprosy today is Rifampicin,
t.w~ cost of the drug would prohibitive for g3 developing
country - over k. 2,50) per year patient. The older drug
Dapsone wo:1d cost only . 10-15. Siailarly, for tne
trcatiient of isoniazid and thiacetazone or PAS and the much
more expensive isonimzid plus streptomycin, and the choice
for treatment 1s obvious.

While identifying ersential drugs, it has to be borne
in mind that reasonably good drugs for most of major disease
condition: are available and many of the newely introduced
drugs have either no additional advantage or at the most
only a marginal one over existing drugs. In fact, if one
surveys the recent acditiiuns, one would find that every year
harcly one or two really better drugs emerge, others have
been introcuced for considerations other than their efficacy,
such as their patentiaBility, greater profit margin. There-
fore, while drawing up a list of essential drugs their
superiority over known drugs should be carefully assessed,
along with factors such as cost, patent position and the
availability of the technolocy. It is a well-kniwn fct that
multi-national corporations tend to introcuce new products
with only marginal differences merely because the patent of

odder drugs with similar activity hos expired and they would

like to drugs for which they have a monopoly,
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A list of essential drugs identified recently by a
cormmi’ tee ap-ointed by the Governiient of India is agiven as
an illustration. (Annexure il). A number of variations of
drugs included int his list have heen intro@uced recently

but with practically no major advantage cver the
listed drugs. If, therefoure, india could produce the.e
drugs in sufficient cuantity, most of the recuirement of the
ccuntry would be met. With the addition of anoti.er 8-10
drugye to tha. list, sume of the disease condit.uns which are
prevalent it moust of the developing countries would also be
covered. There will be practically no problem with patents.

The Wworld Health OUrganization alco has recently drawn
up a list of essential drugs relevcnt to disease watterns in
developing countries (anrexure-I.1).

Gaps in demand for drugs & phariiaceuticals
in developing countries,

- e —

With the technological levels of sophistication in the
production of drugs and pharmaceuticals, most of the developing
count_ies are trailing far behind in gearing up indegenous
production to meet the demand. It may be pertiene t to
mention t.at while the majority of the world's population
lives in the develcping countries, the developed countries
account for 88% of the world production and 35% of the world
consumption of pharmaceuticals, which leaves only 15% of the
world production for the developing countries. The developing
countries account for the balance 12X of the world's production.

The imports from developed countries to developing countries

varies from country to country. For instance, India imported
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Ise 470 mililion worth pharm-ceuticals in 1976=77 as

agarnst a total consumition of is, 70uUC million, brinaging

the percentage of imports (by value) to total consumnt ion

to ¢bout 74, Tiis is because India has a well estcplisied

puatm. ceuticals Industry to mect its present recuirements

for the coverage of health services as established.

Novertheless, thece health se.vices are accessable by

barely 20-25% of the populction, while the vast majcrity

of 75-804 do without drugs. Even the cuality of health

services coverage to the small proportion of the populaetion ‘

:n lndia 1s hardly comparable to that in any develored

country. ’
Fi_ure: of ap roximate rercentace of imports to total

consu pticn of pharmaceuticals by value for rertain

develcping ~ountries 1is given below 3

Aprroximate # imports to total

Country Year o) (<) by value
Turkey 1974 0.8

Tanzania 1976 almost 100%
danzibar 1976 85% (by cuantity)
Bgypt 1975 16%
Philippines 1973 2%

Pakistan 1976 40%

Mexico 1974 6%

Liberia 1976 100%

Nigeria 1976 70%

Algeria 1978 6™

(Source s Country status pppers presented at
the UNIDO conference on phamaceutical
Technology at lucknow in 1976)

L
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4hile the above f.qures are inaicative of order of
mugnitude cf reliance on inports, it is cuite evident that
e.cept for a few countries (like india, liexico, Phil'ipines,
Turkey, etc.) most of the develoving countries rcly sub-
stentially on imports to mect their recuirencnts.

The gap in veuwand for pharmaceuticals in develciping
countrics can be considered as two levels g
Level (1) Demand for pharmaceuticals governed by health

care facilities in existance.

Level (2) Demand for pharmaceuticals for the entire
population to control the major diseases.

«Chievenient of level {2) demand recuires great effortsg
and substantial investm.nt in health care facilitiec which
most developing countries can scarcely afford. Thus, the
difference between level (1) and level (2) is the demand
for the "have not" the peouple who have to do without basic
health care and medical treatment for comicon diseases. This
difference is alarmingly large in developing countries, for
instance, as pouinted out earlier, the level (1) demand is
India cocers barcly 20-25% of the population,

H owever, even for level (1) demand, which caters to a
small fragment of the population (the "haves"), most developing
countries rely substantially on imports to meet the gap in
demand since domestic production is scanty. Bven those
countries who produce some of their requirements mainly
formulate imported bulk drugs - they are still far sway from
manufacturing the drugs themselves. However, for mamfacturer

of basic drugs, a developing country needs a sound industrial

infrastructure and research facilities suppling raw materials,
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technical kills, nacninery, eto, anct chur  wve. nl1
developnent »{ the pnarnaiceutir~al incustiy in o..ny cunbry
is clusely lin.ed to the level of over-11 ir luirial
development, Hoever there is5 «ti1) A fcpe ~ee oy
develimune countric. to Jourmulate wivs & 07 “neiv racuire-
ment: after Loooxrtinc the bulic drugs thu  ad: int - Tue
(and cimulan.u ly saving [or-ign e:chandge) . n. ~rr t ng
nicleii fur f.rtucr develconont of the indi "1+ = 1. or
stacde., The only vevel ning countries -rucotr e ~lnot
all their bulk drugs anu interme icte. and having ~ mlete

facilities fur rc.earch ..nd development are .ndia ~nd

liexico, with barely a few _ther countries cl sely f£20llowing.

Jdhit is mere alarming is that roox almost all devel.rirg
countries are cuite far from Leing ¢ le to fulfil tiocir
level (2) demand. However, a single pronged strateqgy for
covering the entire population with basic health care will
not alone suffice ~ the need for all round developent and
raising the living conditions of the population abcve the
poverty line is more important, since the p<rulation not
omvered by basic health nare and medical facilitics face
shortage of the basic nece.sities - food, clothing and

shelter - also,

International trade in drugs

& pharmpaccuticals

By the very nature of the commodity being high value

low volume items, transportation cost offers no barriers
in trade of pharmaceuticals. The developed countries trade
their pharmaceutical products freely, since they are accorded

the necessary importance being life saving in nature. &as

mentioned earlier, the developing countrie:z irapcrt 3% of the
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procuetion o ovi ) er mounteler “ough o lese imrortg
AU ™ oo 1T fraction of Jhat e developeé cuuntries

e uzco, nevamount to ooyt 20, of tile ~onc unntion of
devc l. .un- caurn-riec, “hu: devels 'inc countries const itute
8 very sowll market Jor the devel. oc countriec,

3¢5 “he indgien experience in devel Jonent
of the phirmaceutiecal industry.

it ¢ laid dowvn in the constituti n - f Ind.a that
"The state sinl? regard the level of nutrition and standard
of l#ving of it: -eonle and inrrovenent of public health
s Grone AT crileery duty",

Juring the -eriod Lurediately pdreceeding Indenendence
in 1947, heal:h ~are and pharmaceuti-~al industry deve loment
dic not get adec :ate importanc~e  inrce the froblems of
conc . lidotion >f tpe naticn were pres: ing,

-levever veginning from the on cet vf the First Five
Year »'lan in 1951, health has een given consierable
priority in order to fulfil the objectiver of the Directive
brinciple: of the state policy.

-« beaginning was made in the production of medicines
by startino Cinchona plantaticns in the States of Bergal
and ..adras in the early 20th century (presently west Bencal
and T mil Nadu), Pactories vere cset up in the vicinity for
the e:-ctriction and purification of cuinine. Under the
¢uidance of visionary stalwart: like Acharya P.C. Ray,
Y.Ke Gajiar and ... Amin, the indegenous pharmaceutical
Indust ry began to take shape during the first world war
pericd, Qemarkable success was attained in the mamufacture

of sera and vaccines. During the second world war, the

local industry made further rrogress by producing a number




(.

-15 -

of vither rrwunte from lordly ava.lonle rav ntecials,

»fmultan ucly, formulacion act_v. -ie. ST T hSacere 1y

lncreasing Ju€ 20 on . G.oto. oulk ditug: , ‘he &1 n ~ peze
©vf the chemi-ul 1nuistry in .noic aleo Torstrained i

gr-vth o1 the »aariwacedtical incu-toy,
in the eaxly 1950 variou: f:o.oo1on Coy rnlc. oeceon

to set up afiiliates/cud-siciarie. in .nulc, wo.ae o aern

set up focilitie [For .xnifoctur 2F oullk drucs tanle Lk
L ovclivere engacee in £ rmulation wectivities 5 sed n
inmpoitec bulk drug . Tie entry .0 “he . ltip 0 1

has offered stiff ing nealthy conpetit. n to tie l.cal
incustry., "he Guvt, of lnuic get up fuvo larne -ublic
sector unito-Hinc ctan -ntioi tics Itu, in 1954 -r.: Sndion
Drugs & pharmaceut:-~als 1t¢, ip 1761 for the ' nv “ncture
of bulk :svathotic drucs/antib_otics and “heir rrrail-ticps
anC surgi~al instr.rents,

Thus, *hr uch a ccurse of reoid qrovth the pharma~-
ceuticcl industry in india is well ecc.blisace . day,
1t nuw produces a vide rance of drugs includine lirge
n nber sorhisticated antibiotice, vitamins, hirmones and
synthetic drugs and has developed a wide rancing
capability and precu-tion tm bulk drugs and formul. “ions.
From a total production of fs. 100 million in 1948, the
Indian Pharmaceutical lndustry has produced Bs. 1500 millicn
worth bulk drugs and Bs. 7000 million worth formulat. ons
in 1976-77. Imports of bulk druge in this year vere
Bse 470 million,

The break up of production of bulk drugs and formula-
tions by various sectors of the industry in 1976-77 ig

as follows 3
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(756 milliun)
Sulk roriwlationsg
Fuslic soctor 480 470
Jorelyn seetor (Fureicn
Coasty Cocceding 40.) 630 2920
inas.on o seetdr (including
small cc-le soeor) 390 3610
1500 —7000_

"he.e are over 2500 drug uni*:. in Iniia of which 128
are in +the »r-~-nisor geetor including 45 - v cniesn Lith
S wEClon erulty eircedinag 404%.

¢1th *hc papid growth in deiand and atempts by India
to vuve & vider coverage of vuonic hicalth servires, it is
feresecn thrt the pharmaceutical industry in India is on
the thresh-1J for rarid growth. +‘he Govt. of india are
tentatively »l nning for a sroducticn level of Is. 5,503
million worth of bulk drugs and ls. 19,9000 million worth
of formulations in 1982-83, To achieve this target (which
only increase the coverage to the pomulatioun
marginally), the phamaceutical industry will have to

inc.ease to more tacn double it: present size in barely

five years.




Some Predicted Drug Develomments of the Ruture

Nature of Development Source of Production and
Predicted Appoximate Date
of Development

I. Greater emphasis on prevention and cure

a) Mklemicro-orgapiam
New generation of antibacterials 1980 (Teeling-Smith)

Immanising against bacterial 1990 (Teeling Smith)
and viral diseases 1980 scabor)

1978 (McGraw-Hill)
New, more effective antifwgal 1988 (Bender)
agents
Prevention or auire of sutoimmine 1988 (Bender)
diseases
Prevention or cure of 1993 (Bender)

dental caries
b)

Prevention or aire of hypertension 1982 (Bender,
1980 (Teeling-8Smith)

Prevention or mire of skeletal 1988 (Bender)
miscle spasm

Prevention or aire of thrombosis 1983 (Bender)

Prevention or aure of obesity 1988 (Bender)}

1977 (Mc Graw Hill)

2000 Wiener)
Prevention or auire of asthms 1987 (Bender)

1980 (Teeling Saith)
Qure of depression 1988 (Bender)
Canocer oures 1990 (Gabor)

Immnisation sgainst radiation 1986 (Mc Graw=Hill)
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Control of neurological 1990 (Teeling - Smith)
disorders
Control of most allergic 1980 (Teeling - Smith)
conditions
Qure Mental illness 1980 (Mc Graw=-Hil11l)
Prevention or aure of oedema 19082 (Bender)
II. genirol gn reproduction
Male contraceptive 1983 (Bender)
1975 (Teeling - Smith)
Cheap convenient, reliable 200 (Kahn-Wiener)
contraceptive 1975 (Teeling - Smith)
II11. Increased manipulation of mental processes
Drugs to improve learning 1980 (Gabor), 1978(1}*;:1%1'“ -
1990 (Teeling-Smith)
Prevention or cure of drug 1988 (Bender)
dependence or addiction
Drugs to permanently raise 2020 (Garbor),
intelligence 1990 (Mc Graw - H111)
Controlled relaxation 1980 (Mc Graw - H111)
and sleep 2000 (Kahn - Wiener)
Control of senility 1985 (Mc Graw - Hi1l)
Improving analytical ability 1985 (Mc Graw - H111)
Control of sging process 1990 (Mc Graw - H111)
1990 (Teeling - 8Smith)
General Control of 200 (Kahn - Wiener)
Psychobiological states
Prolong chilhood and 2000 or earlier (Evans-Kline)
(shorten) adolescence
Reduce need for sleep .
8afe short-acting intoxicants .
Regulate sexual responses .
Mediate mtrition, metabolism "

and physical growih

Increase or decrease roactivit,

Contdo
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Prolong or shorten mamory 200 or earlier(Evans-Kline)
Provoke or relieve guilt "
Foster or terininate mothering "
behavior
Shorten or extend experienced time "
Create conditions of "

"Jamais Vu" oar "Deja Vu"

Deeper awarencess of beauty "
and sense of awe
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LIST OF ESSENTIAL DRUGS

Tablets and Capsules (Granules included)

Cap. Chloramphenicol 250 mg.

Cap. Tetracycline Hydrochloride 250 mg.

Tab. Iodochlorhydroxy Quinoline 0.5 gme.

Tab. Nitrofurantoin

Tab. Chlorpheniramine

Tab. Ferrous Sulphate

Tab, Folic Acid

Tab. Digoxine

Tab. Aspirin

Tab. Phenobarbitone

Tab. Chlorpromazine

Tab. Hexa Vitamin (N.F,I.)

Tab. Predinisalone

Tab. Vitamin B. Complex

Tab., Vitamin C

Tab. Sulphadimidine

Tab. Metronidazole

Tab. Hydrochlorothiazide

Tab. Reserpine

Tab. Glyceryltrinitrate

Tab. Analgin

Tab. Antacid (B.N.F.)

Tab. Piperazine (Syrup Piperazine)

Tab. Tetrachlorethylene

Tab., Tclhutamide

Tab. Thiacetazone & Isoniazid (each tablet to contain
Thiacotetazoae 37.5 mg BPC & Isoniazid 75 mg IP)

PAS granules

Tab. I.N-H.

Tab. Dapsone (50 mg)

Tab. Chloroquine Sulphate 0.2 gm (or Tab. Chloroquine
Phosphate 0.25 gm IP)

Tab., Primaquine Diphosphate (2.5 gm. of Primaquine Base)
Tab. Diethylcarbamazine Citrate (50 mg)

Tab., Anti-asthematic (containing ephedrine Hcl. 50 mg.
Theophylline 65 mg and Phenobarbitone 30 mg)

Tablets containing alkaloids of Ergot equivalent to 0.4 mg
of total alkaloids orgotoxin.

Capsules of Vitamin A 6000 units and Calciferol 100 Units.
Tab. Vitamin A

Tab., Vitamin D

Tab. Milk of Magnesia

Oral Contraceptive (approved by Family Planning Department)
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nlections

1. In jection Penicillin

2. Inj. Streptomycin

3. Inj, Emetgne Hydrochlor 1de

4. Inj. Atropine

Se Inj. Adrenaline

6e Inj. Nor-adrenaline

e Inj. Dextrose Saline

8. Inj . Rurosemide

9. Inj. Morphine S8ulphate

10, Inj. Pethidine

ll. Inj. Paraldehyde

12. Inj. Predinisolone

18. Inj. mti-Tetanus Serum

14. Inj. Methyl Ergometrin

15, Inj. Chlorpheniramine Meleate

16. Inj, Fortified Benzyl Penicillin PP(Procaine Benzyl)
Pon%c:)l.llin 3,00,000 units, Benzyk Penicillin 1,00,000
Units).

18, Inj. Oxytocin (Oxytocin 5 i.u./ml)

19, Inj. Chlorpromazine

2. M&tivenom Serum (Polyvalent)

2l. Rehydration fluid (for treatment of cholera cases)

22, Glucose #&mpoule containing dextross 25%)

23+ Distilled Water (25cc ampouls)

24. Inj. Phenobarbitone Sodium (200 mg/ml)

25, Inj. Mepheteramine

26. Diphtheria-Pertussis-Tetanus Vaccine

27 Inj. Totams toxoid

28. Inj. Diphtheria Toxoid

2. Inj. Anti-Diphtheria Serunm

30. Oral Polio Vaccine

3l Inj. Insulin Plain (40 units per ml)

32. Inj. 8odium Pentathol

33. Inj. Succinyl Choline

M. Injo nlocaimo

Miscellaneous (Syrup, Ointments, mixtures, eye drops, ear
drops etc,)

le Sulphacetamide Byer Drops

2. Homatropine Rye Drops

3. Esserine Sulfate eye drops

4. Benzyl B-enzoate Emulsion

5. 4cid Cardolic

6. Ly.°1

7. Tr. Iodine

8. Syrup Piperazine

9. Ext. Belladonna (Combination of Phenobarb & Belladonna)
10, Chloramphenical suspension (125 m ml)
1le 8yrup Paracetamol (125 mg in & ml

|,
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Tetracycline Hydrochloride Ointment 1€ in sterile
ointnent base

Gripe Mixture for infants (5 m1l contains Dill oil BPC
0,005 ml; sodium bicarbonate I.P.O. 0.005 gm dehydrated
alcohol ?t.P.O. 0248 ml(Syrup & Preservative).

Sﬁrup Noscapine

Whitefields Ointment Benzoic acid 6 g; salicylic acid
32%; alcohol 70 upto 100g)

Nitrofurazone ointment (0,2€ 1in non-grasy ointment base)
Petroleum lJ_’elly

Potassium Permanganate 5¢ packets

Diethyl Ether (Anaestheticg

Cetrimide Lotion

Iodine Solution (Claudium Solution) for sterilizing

raw catgut, loops and loop introducers (Iodinel 1g, Pot,
Iodide 1.5 g, Distilled Water to produce 100 ml)

Plaster of Paris Bandages,

AMhesive Plaster

Ethyl Chloride (100 ml spray)

Boric Acid- Alcohol-Glycerol drops (Boric dcid 1.5%
Glycerol 3.3f in alcohol 95, 10 ml)

Bleaching Powder

Phenyle

Epsom Salt

Krushen's Salt (Each gram contains Sod., Sulphate RBxsic
2 mg., Sod. chloride 10 mg,, Pot. chloride 10 mg,
Potassium Sulphate 55 mg. cltric Acid 45 mg.,
mggnesium sulphate excis.,

O;ntmmt containing Resublimed Iodine 4%, Mehyl Salicylate
5%,

Ointment containinia 011 Bucalyptus 8%, 011 clove 1§,
Camphor 5%, lenthol 3%, Thymol 2, Methyl Salicylate 5%,
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WHO'a recogmended Essential Drus list

I ¢+ &vailability at Primary Health

Centres

II + 4Availability of Secondary Level
having more sophisticated diag=
nostic facilities,

dnalgesic, antipyrestic, anti-inflammatory, uricosuric
Ag8epts.

acetylsalicyclic acid I
paracetamol I
phenylbutazone II
indomethacin II
allopurinol I1
Mtl-infections agents

aminoglycosides II
gentamicin or

kanamycin II
enicillins;

genzylpenicillin (Penicillin ¢) I
benzylpenicillin in oil I
benzathine benzylpenicillin I
procaine benzylpenicillin I
ampicillin II
Chloramphenicol I
or{thro ein II
Tetracycline i

tetracycline or I
doxycycline II
Sulfonamides 3

Sulfamethoxypyridazine I
trimethoprim - sulfamethoxazole II
Sulfalene I
8u l1f adoxine I
dntituberculous agents

isoniazide I
streptomycin I
rifampicin II
ethambutol II
gur.—minosalicyclic acid I
hiocacetazone I
atitungal sants

nystatin I
griseofulvin I




mebendazole
piperazine
pyramtelpamoate

Ongchogarciasis and filariasis

dlethylcarbamazine
suranmin

kalaria

Chloroquine
pyrimethamine
primaquine
quinine

Leprogy.
dapsone

dmoedblails

eme tine
metronidazole
clioquinol

Blcod and blood disorders

Hemostasis

aminocaproic acid

heparin

protamine

phytomenadione (vitamin K)
Maemia 3

iron preparation (ferrous sulfate)
folic acid

Sardiovaacular avatem

Mtiangianl i

inlzceryl trinitrate (nitroglycerin)
iarrhythmic s

11docaim

procainamide

phenytoin
Ant%crtonsivol/ diuretics s
methyldopa

reserpine
hkydrochlorothiazide
furosemide

B-~blockers 1

propranolol

o k] M-

= -

= -~

II
IX
II

I

II
II
II

II
II

II
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CARIAC GLYCOSIDE

digoxin
digitoxin

Cantral pervous svstem

kticonvulsants

carbanazepin

diazepam

phenobarbital

phenytoin
ethosuximide

Mtidegrossants and neuroleptics 1
Tricyclic antidepressants
(amitriptyline)

Phencthiaz ines (chlorpromazine)
Butyrophenones (haloperidol)
dntiparkinsonian agents
levodopatdecarboxylase inhibitors

Hermonas _and hormong-like substances

Carticosteroids

hydrocortisone

rednisolone

bstetrics and gynaecology 1
oestrogen/groEestOgan

and progestogen - preparations for
contraceptive use

oxytocin

ergometrine
Others

one short-acting isulin

one intermediate isulin

one oral antidiabetic preparation
of the sulfonylurea type (tolbutamide)
levothyroxin

BeapirakoXy systen

aninophylline

epherine (oral low dose)
sulbutamol
orciprenaline
epinephrine

codeine

fchistosomiagis
niridezole

IX
II

II
II

II
I




Topleal
m cctioms
ehloran honieol 1
silfonauides (sulfqcetanids) 1
totrneycline 1
he f t'e cany preparatisns £y L
anti=inflaonats>ry (ocortiensternid)
anaosthetics
tropine 1

pil carpine I

atenis
acotazoliide n

Narcotic analgaesics,y drugs rclitod to ansssthesia,
ST AL TT AT LT T

oorphine
naloxono
dropl.m

oonl’ activatod
sodium t'iosulfate

antiv.nin
taboourarine
nnmt; Smn
nitraus ;ud.dl
I cairn (see also » mti :w-u ) 1

se® ¢ matiarr e
isoprraline

Iaacinas,

totams toxoids
diphterispertussis ~tetanus vaccim
bouo-ht-n vaecine
r 8 vaccins
BOC vaceine (level to be determined)
s vaocine
poliovirns veoeine
scallpox vaceine

(o]

H:“HNNHH

"
it = 1=1

Scures § SCRIP N)e 58D dated 1iSh Jume, 1977,
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Devel.p.ing countrie., in their effort. to imnprove
the liv.ng standards of their people dircct taeir attention
to the need for providing adecuate cuantity of cunality drugs
to their people. By uch a service, the health of the
pupulation will be sustained at an adec uaste level. A mmber
of dewel ing countrie:r have launched ublic sector lhwealth
nrograiuier tuwards this end.

The population bressures in mo: t countries in the
developing world are increasing and this al:o nece sitartes
the developwent of drugs and pharmaceutical industry. ith
the ro;.id developnent of industry and introduction of alien
cultural patternt, sometime: new diseases wiich were not
experienced before are =180 making t.eir ap earance. “ome
of the disease-carrying insetts, have becume re. istant to
the chemi ‘als that have becn in use and tiere is thus need
for develupment of new chemical:. It is stated that Malaria,
which, at one time was thought to have becn eradic. ted, has
made & re-appearance and the mosguitos have
developed new strains which are resistant to DDT. 35imilarly
gnfluenza in various forms has been making its appearance
periodically necessitating new strategies of attack.

In the light of gpowing population, their growing
expectations in living standards and determination of the
governnents in the developing countries to increase living
standards in their coun ries, there is great need for them

to devote more and mcre attention to the develupment of
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pharmaceat:cal industry to make available to the 1local
porultiong adecuaate ¢.antitier Of cuality drugs at
reas nable prices.

The discovery, develsiuuent, nonuiacture cond mariketing

-

ol druce is a vuery costly nrccesz. These costs have Heen
irerersing steadily. The =ost 15 due to “he fa~t that a
large nunlber ol prosvective com @unds hove to bhe Screened
before ¢ ¢inule drug eould be identificd as nuving true

cr. ercial notentinl,

The drug recuires large aaount of e verimentation,

ri: 1l on the l.boratory se. le, runs at the pilout plant
level, test. on animale, tricle on hwa n Deing. , satisfying
the procecures luid uovm by the drug, and educating the
market in the use of the new drug. sll thi: takes a lot of
efiort «no money. Thi: al: o takes considerable amunt of
time. Befure a drug is discovered in a laboratory and
succes.fully introduced in a mariet, consideruble time
elapses. The drug al:zo hac to compete against drugs already
existing in the market for serving the same purpuse,
Penicillin was accidentally discovered by Dr. Alexander
Fleming in 1928. But it was only just before the World

Wwar 11 in July, 1939 that Brnst Chain and Hovard Florey
began their first experimental work on Penicillin. In cggteivity
of sulpha drugs the time lag between the discovery, of their /
comnercialisation was a littée shorter. Tgyﬁgg%ri;ﬁf&t’aivity of
drug Prontosil was discovered by Domack in1933 and was put
in to the market in 1935. It took another 5 years for the
different derivatives and sulpha drugs to come to the
market. Alghough with modern tools and facilities available,

the period could be shortened still it is cuite a long and ;



4.2

T gy ey

- 29 -
c.stly rrocess to intr. uce any nevw drug intt he aariot.
there i al.o fost obuclescence in the druo .avict,

One of the counstraints of develup ernt »nroure . in e
devel: ~ing countries is the 1 <X of ade .sa’ e awnetary
ressurcc.. « nuwer of tiere countrie. are 1w intere:ted
in increa.ing the >csic aealth stenderd: of their morula i ps.
They have no adecuate rocource: for i © verina nev drugs.
However, there ic a desire on their ravt to ccome ore ~rd
more self-reliant and alio devel p crug: and -harra-~enti- 1s

whi~h will mect their needls.

MANUFACTURING Coanadailadites

gome twenty-five years ago, very little of . ern
drugs were being c.ncuned in develdping countries, lieny <f
thece countries became freec and the qguvern ents of these
countries became aware of tlie need to rovide healih
services to their people. The modern met'i - d. of cure hHe-an
to be acceptec und enc.uragecd. 4indian Govt, mentiined itg
comn. tment to provide health services to e ple in the
constitution 1teself. Before and coon after independerce,
these countries were primarily importing € rmulations.
Later bulk drugr were imported and the formulations were
produced indigenously. Production of bulk drugs commenced
after quite some time bec use the basic infrastructure and
educational facilities (to provide eampetent technical
peéple to handle complex proceseses) had to be establiched
first of all.

India, which consumed k. 10 crore wcrth of modern
drugs in 1948 to day consumes drugs, worth about Rs. 780

crores, It produce: [5. 700 crores worth of formulations
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and ¥. 150 crires worth of bulk drugi. To day lnd:a produces
¢ v ry wide rance o7 hulk drugs ranging £rom antibicotrisg,
it 1ins ond analge: ics to antihypertensive: and harmones.
in Inuia, sullic oecter nd krivate sector are soth active
in ... {icld. 1in the wnrivete sector, multinational
pohariiaceutic.l com @nice: domincte the scene. Two majcr bulk
drug proouucing org. nisction, were set up in indiac in the
fiftie:, &s o« seliberate neasure to rut the country ona a
path to -c¢lf sul iciency in health :un lier. The strateqgy
was tO use im, s ted technul.gy initially and then assimilate
it ony imreive upon it; the developuent of new proce ses

for inown effective drugt was ‘o be taken up at the :econd
stuge.

Now, after two decades of setting up Of these
organicati.n, 1lndia can feel pr ud of its achievement. The
country has not only at ained cunfidence to produce drugs
with complex prirce: tes but 1t has al:o veen able tc effect
proce s inprcvements and even to develop economiral processes
for .:any known drugs.

The cuantum of var.ous bulk drugs procuced in india in
1977-78 1s given on pages 32 and 337fthis chapter.,

Though the foregékng reiers to .india, it is true of many
develo;ing countilies., Both consumption and production of

mocern medicines have consider.bly increased in every country.

But, even now, there is considerable time lag between
the time (t which a drug is introcduced in the western countries

and the time at which it is produced in +he developing world.
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this is because w&D is very costly cnd develo~ing countries

can not be themselves develop proce.ses ' iich
en.ugh, within a chort time. It . not uasaal
drug which is obsovlete in the dcvel . ped v.rld
by men.tfacturers in develoning ccuntrie: ar 3

effective drug. There is necd to roduce Fhis

are cc:nomical

to “ind a

teing intr. uced

new and more

time lac,
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Eroduction of some .ajor Drugs

«ccuunting
Upit

719 O SR PR A
l, Penicillin I $18L1
2. amnicil in ¢ other senil-synthetic

kénic.llins Tonnes
3. wstre-tomvein Tonies
4. 'etrcc:cline/Uxytetrac eline Tonnes
5. Chloram»henicnl and esters monnes
6. .rvtaronvecin ond erters onnes
B) l‘l .‘i‘-. —LJ‘J:;.J A.a.li'PL'aA‘Z' PR .U\}J
l. Halougeneted vxveuinolines Tonnes
2. lietronicanile Tonnes
3. Diloxamide Turovate Tonres
C) .o I\ -t diade G0
10 ln--ulln IAQUQ
2. Chlornronpcmide “onres

3. Lthamobutol Ton: es

U) an. .‘a.‘..—Lu_}‘nUu_Xr' LG
l. 4.4 and derivatives Ton: es
) gobed LPYetads' s Co frdun LG gt 2 Cos
l. .spirin Tonnes
2. Phenacetin Tonnes
3. Paracetamol Tonnes
4, Analgin Tonnes
S. Jamidopyrin Tonnes
! 2 ail'a L, B iUGo
l. l.l".H. TOnraes
2. PS5 & Sales Tonres
3. Thiacetazone Tonnes
Gl iANgad T 1 G
1. Prccaine Ton es
2. Xylocaine Tonnes

ld-i ‘E‘JJLLA_.-I
TV Jecticn 11I

Froduction during
1977 - 78

300

7.5
256
225
200

22

250
6.5

1050
15
30

18

1150

200

250

500

55
(Consumpt ion)

125
650

100
10
‘COnsumption)
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Accounting Procuction during
unit 1977 - 78
H) alNTipidewaials
l. Chloroacuine Tonmes 19.50
2. «modiaguin Tonnes 16.70
1) vl aNFLegguii' oY Xosssl. 45
l. Phenylbutazone Tonnes (Consumpt ion)
2. vxyphenbutazone Tonnes 40
(Consumpt ion)
J_i uULku}\ DA\UE_
l. =ulphadiazine Tonnes 100
2. oSulphadimidine Tonnes 500
3. Phthalylmphathiazole Tonnes 55
4. Sulphaguanidine Tonnesg 200
5. Sulphaphenazole Tonnes 115
6. Sulphacetamide Sodium Tonnes 75
7. Sulfamoxol Tonnes 82
8. Sulphasomidine Tonnes 200
L ) VilahlKS
l. Vitamin A MU 65
2. Vitamin B12 (Cyano & hrdroxycofalmine) Kgs. 190
3. Vitamin C Tonnes 600
4. Vitamin Bl Tonnes 36
5. Vitamin B2 Tonnes 7
6. Vitamin D2 and D3 Kgs. 100
7. Polic Aacid Tonnes 4.5
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SECTION III
TECHNO-ECONOMIC PRQFILES OF SELECTE. PBODUCT GROUES

Bulk Drugs which are used for preparing formulations
the final form in which a patient tokes the drugs - can be
classgsified into antibiotics and éynthetic drugss The former
are living organi sms capable of combating disease imparting
pathogens, whereas the letter are complex chemicals capable
of curing diseases due to their influence on parts of the
human anatomy or the materiels in the cardio vascular system
and alimentary canal. Becauce of the different in their
nature, the methods of production of antibiotics and that
of synthetic drugs also differ considerably., In the few
sections that follow, the technologies generally used for
the manufacture of antibiotics and Synthetic Drugs are
described., Also, the mode mf manufacture i of formulations

has also been detailed,
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5.1 Antibioticg

Antibiotics, essentially special chemotherapeutic agents,
are produced by special kinds of miroonganisms, These are chemical
substances used for the treatment of infectious diseases or diseases
caused by the proliferation of malignant cells. Antibiotics can
broadly be divided into two groups (i) antibacterial and (ii)
antifungal. Examples of Antibacterial antibiot ics are Penicillins,
Streptomycin, tetracyclines etc. and of antifungal are Nystatin,
Griseofulvin, Neomycin etc. Besides commercial antibiotics used for
human thereapy there are several others, though toxic to man but
may prove useful in the treatment of animal diseases or in
combating ingects, pests and plant diseases.

Antibiotics are produced commercially by bio-synthesis,
cultivating the suitable microbes under suitable environment in
appropriate medium. The production is n~-1ally by a fermentation
technique and then purified by chemical processes.

The strain of micro-organism used in the Industrial
Fermentation for production of an antibiotic has to go through a
rigorous exercise before it is used in industrial Fermentation.

It 1s well known that the productivity of an antibiotic during
fermentation by a microbe is an interaction of its genetic poten-
tiality and the environment within and outside the microbial cells,
Augmentation of yield by altering genetic potentiality of a strain
is a well known technique and results of the experiments with such
micro-organismms in the area of mutation, microbial genetics and
genetic control of secondary metabolites have given valuable
information for application to industrial strains. What was 100 of
units of penicillin per mili litre in the fermentor in late 1840 1s
now 30-40,000 units per ml. of broth in 1870's. Thus increased
yieléd in the fermentors has led to the reduction in production oost.
It could be seen that strain improvement is an important activity in

SN st 12
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in the field of antibiotics which has bright future for further
development .

The production on industrial scale is carried out in large
vessels called fermentors. The process adopted 1is sub-merged aerobic
fermentation under suitable conditions.

The culture of appropriate strain is grown first in the
inoculators containing sterilized medium. Seed mycalium of the 1st
generation cultivated in the inoculator is then transferred to the
and generation in seed vessels. In some cgses like tetracyclines
the seed 1s grown directly shipping inoculator stage. The seed
multiplies within a period of 30-5 hrs. Fermentor containing
sterlized medium is then seeded with the mycelium cul ture grown in
the seed vessel. rermentation is continued for over a week or even
longer. In the course of fermentation the parameters like PH,
temperature, dissolved oxygen, carbon source and nutrients like
nitrogen and phosphorus are continuously monitored and optimum
conditions are maintalned. Besides this, supply of sterile alr and
continuous agitation are essential pre requisites for achleving
desired results,

In the process of antibiotics fermentation, proper sterili-
sation of vessels, medium and all other inputs like air and inter-
mediate feeds has to be ensured. The sterilization of the vessels
and medium 1is carried out by thermal process using supper heated steam
whereas sterilization of air is done by passing compres sed deter-
modified al r through suitable filters.

The fermented broth at the end of fermentation cycle is
harvested for recovery of antibiotics. The broth is trested suitably
and the two phases i.e. liquid phase and mycelial cells are separated.

The antibiotics is recovered from the native solution or mycelium as

the case may be.
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The process of recovery in case of antibiotic in native
solution involves techniques like solvent extraction preciptation,
absorption on ici.-exchange resins etc. after isclation 1t is
further purified usinz suitable methods. Similarly recovery of
antibiotic from mycelium is done by means of methods like solig
liquid extraction and then purified. The final product is obtained
by drying the purified concentrated antiblotic solution under sultable
temperature and vacuum. The conditions of recovery an: purification
are so adjusted that the guality of the product conforms to pharma-
copelal requirements. In this process recovery efiiclencies are of
paramount importance which affect the cost of production,

In the field of antibiotics yreat strides are beingz made
to enhance the yleld of various microbilal strains by controlling
important parameters und it 1s also well known that nigher the vield
more 1s the sensitivity of fermentation process to variation of such
parameters. as such, a lot of emphasis is beinz laid today in
introducing automation in the fermentation process both for research
and commerciul production. Anong various parameters following are
considered to play important role in achieving the rignt type of
environment in the fermentor.

a) pH

b) Temperature

¢) Dissolved Oxygen ,

d) Carbohydrate, nutrients, procarser erc.

e) Foam

These parameters have been successfully controlled by
automatic devices in several of the antibilotics producing industries
speclally in foreign countries. In this regard use of on-line
computers to record the parameters, store the information and use

them to signal or activate the rectifying systems is likely to be

of greater application in future.
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A typical case of tetracycline production as a model is
glven as under

RARCLESS DESCRIP TION 3

A mutant of Streptomyces aurofaciens is used to produce
Tetracycline. The culture is transferred from flask to seed tank
having sterilized media. The tire for seed cultivation in seed
tank is 32-34 hours. The medium for fermentor is prepared and
sterilized and lnoculated with the mycelial culture from seed tank.
The content of tetracycline by the end of fermentation 1is about
12,000/ml. The fermented broth 1g trgnsferred to the vessel where
it is treated with oxalic acid and is cooled down. The treated broth
i1s filtered through Rotary Vacuum Drum Filter or filter presses.
The filtrate (called Native Solution) is colleucted and antibiotics
1s precipitated with ammonla water, and 1is then filtered through
Plate x Frame filter. The cake so obtained is dried and treated
with Dutanol, Oxalic acid, Carbon and Hydrochloric acid. It is then
filtered, crystallised and centrifuged and washed with butanol.
The Tetracycline Hydrochloride is dried in Vacuum Rotary Driers,

The flow sheet for the process is given gs under 3

Culture
Corn Steep Liquor — ]
Calcium Carbonate —»
Malze Starch —_
Seed Tank
Dextrose ——
Pot. Dihydrogen - . 5
Phosphate __
Ground Nut 011 >
Water ——
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Corn Steep Liquor pY \L
Calcium Carbonate -5
Maize Starch —_
Ammonium Sulphate - ——> Fermentor
Magnesium Sulphate —>
Pot .Dihydrogen —
Phosphate »
Zine Sulphite - » ,‘
Anylase —
Benzyl Tiiocyanate S
Ground Nut Oil - 2 :
Water — e
Oxalic Acid -——————9[ 7 Harvesting [
" ‘Filtration through | 1
Rotary Vacuum Drum Filter
- ] — T
Lc.ko A Filtrate(Native Solution)
r Sowor
Mycelial l._ ) Two Ba&(}hcs
Amnmonia Water 9{ Precipitation' Precipitio — Anmoni a
i Water
M :
| Mltration | [Fiitration
Cake } Cake
L Drying | rf)ryinrl
Diuolvor’ Frog Tech.base
8
Butanol — DOfT Carbon —Oxalic Acid
- 'treatment Carbon
Oxalic acid "~ - —
Hydrochloric
acid
Filtrationl Filtrat:l
Crystalli- Precipitatione  Ammonia
zation Water

den

S —
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! |

-1 [
Filtration Cantrifuging
through | ‘ :

i But/ ; i

| Filti{ ‘J( '

' Butanol " Crystalli. ]

i waghing } zatigq___

i Drying l ‘__Dry:l{xg J
TETRACYCLINE TETRACYCLINE

HY DROCHLURIDE PURE BASE.




SY 1""..17 DRUIS ¢

Lhe production of Syntuctic Drugs from the basic
staves acpends moinly on the status of *he chewical
industry in the countrye. ‘“there the chcwicol industry
is its:1f inadequatcly devcloped, it is virtuslly
impossible for the pharniuceutical industry to com ence
production frow tue basic stages, The developacnt of
chewical industry affects tne pharmaceutical industry
in wany ways. Firstly it provides the raw meterials
which are wagyor cos8t itcw in the total cosiu of productions
Secoudly, the syntuetic drugs production involves various
chemical reactious/unit processes, The country should
nuve mastered these unit processes if it is to be able to
hanale synthetic drugs production effectively. Further,
avillability of tue equipment ror the various unit processes
invelved in production of synthetic drugs would be beiter
if the chemical industry itself has advanced consideravly,

The production of synthetic drugs calls for a very
hizh decree of quality control on account of the end use
of these materiuvls— consumntion by human bein;:s,

The syntictic drugs are renerally produced by batch
process, In a batch process a series of unit operations
arc curricd wut cn a certain optimum quantity of input,
Jie coutinuous rocess of producticn which are generally
applied for the manufacture of chemicals caninot be applied
becauge of strict specifications of the drug. Some of the
univ operations involve in tie production of synthetic

drugs ares
i) Sulfonation/chlorogulfonation
ii) vitration

iii) Halogination
iv) Cyanidation
V) Hydrogzenation

vi) Various condensation reactions involving the
use highly inflammeble, explosive, corrosive
and toxic chemicals,
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Usually, before the raw materials are charsed into
the reaction vessels, they are tested far their purity.
Impure chemicals are not used as their use may lead to
low yields/Ampure end product,

As can be conceived, there is no set series of
chemical reactions/unit processes which can be used for
the preparation of all drugs. The process varies consider-
ably from dru;: to drug., To illustrate the complexity
involved in the synthesis of biological active drugs, the
process generally used for the manufacture of sulphamethoxa-
zo0le has been described below:

The steps involved ares
Te Preparation of ethyl acetopyrurate from diethyl-
loxalate and acetone by claisen condensation,

Ce Conversion of ethylacetopyrurate to 3-carbamoyal
~5-methyl isoxazole by condensation with hydroxy=~
lamine,

3. Production of 3-amino-5-methyl isoxazole from

3-carbamoyl derivativ: by resction with sodium
hypochlorite. (Hofmann reaction)

4, Production of li-acetyl suiphamethoxazole by
condensation of 3~-amino-5-methyl isoxazole with
acetyl sulfanilyl chlcride.

Se Production of sulphamethoxazole (tech.,) from
N—acetyl sulphamethoxazole by hydrolysis with
alkali.

6. Production of Pharmacopeoal grade sulphamethoxazole,

The raw materials needed for the production of
Sulphamethoxazole are:
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1. Dicthyl exalate

2 Sodium metal

S Hydroxylamine hydrochloride
4, acetyl Sulphanilyl caloride
5. Sodium hydrosuifite

6. Sulphuric &cid

7e Hydrochloric Acid

8. Sodium hydroxide

9. Ammonia water

10, Chlorine gos

11. Pyridine

12, Mtivated Carbon

13, acetone

14, Benzene

15. Dichloroethane

16,  Isthyl alcohol 95%
17. wthylacohol absolute

The List of equirment needed for the production
of 5 tonnes per annum of Sulphamethoxazole 1s detailed
in dnnexure 1 of this chapter,

Various utilities needed f or the manufacture of
this dru; are steam 3 kg/cm2, water 320, 180, brine - 50
-150, process water, inert gas and electricity,.

In bulk drugs production, manufuzcturers have to be
careful if they want to reduce the cost of production,
The possible areas are raw materials consumption,
recovery of solvents and catalysts., Maintanance of proc-—

ess parameters is very essential to get the desirea
yields,
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5¢3 THE YPROJECT FROFIL
( For a Drug FormuIa%icn Unit)

An attempt has been made in the followins paragraphs to
draw plan for setting up a progressive and viable drug formulation
unit to cater the neeis of a developing netion, Experience of
Indien I armaceutical Industry has helped to draw the requirement
of essertial drugs which can be taken up for manufacture initially.
But, who experts believe that a list of 130 to 140 druges will
suffice to cover the health needs at two levels:: the primary
level where patients hive limited access to redicires at the health
care c entres @nd the secondary level where taere sre estatlished
nedical . acilities such: s hospitals, laboratories etc.

This profile has been drawn out for an average sized pharma-
ceuticel formulation industry w.ich is manageable and economical
in terms of production and the skill available. The profile €ives
an ide a for the production of following dosage formulations in

a year
Teblets eoe 1500 million nos,
Capsules cee 240 million nos,
Liquids sce 1800 Kilo-litres,
Injectables cee 300 Kilo-litres,
Infusions ses 12,00,000 vottles
Ointments cos 60 tonnes
Towder/Granules o4 60 tonnes

Froduction capacity of various departments of the Unit are
worked out on the basis of the WiI0's list of essential ¢ rugs
ard on working of two shifts (13 productive hours) a day for
800 days in a year. The unit will heve a centrally airconditioned

plant with a common utility services for various production ctivities

Ensed on toduy's prices of plant and rechiery, the recorimendec.
pharmaceutical formulation unit will involve a capital investment
in plaent and machineries to the tune of . Rs 18 millions (Uo £2.15
millions) excluding the cost of l=nd aund build mg.  Yhe sugected
unit would require floor sprace ademeacuring 11,000 8q. metres of
land, would consvre 700 K of electric power and would give direct
employment to 76 technicians, 24C skilled workers and SO0 unskilled
workerse
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betuils of equipments needed, personnel recuirements in
verious wanafrcturirg @ctivities ard procecses irvolveu . .ve teen
giver. in the following pares.

Besides riving deteilc of different menufacturiry depzite-
ments, full detcile of the uality Control Lepartment, ainten-
ence Department &nd 2lso & Lccearch & Levelopment Lection for
cevelopment ¢f formulitions have also been provided,

FRCODUCTION Pi.OCELSDO Foi: DLlG FOR. ULATIONG

The manufrcturing activities in formulstion of drugs comprise
of .~ arious depurtmernts such as Tablet Department, Capsule Depart-
nent, Powder o Granules .ection, Liquid Tepertment, Farenterals om
Ointment Department. For manufacture of transfusion fluid viz,
normal saline, Lextrose, etc. a separate depattment may have to
be provided,

The process for manufacturing each product varies from
product to product =s far gs the manual details such as pH stabil-
lisation, inert atmosphere in conteiner, temperature, mode of
sterilisation (whetiier autoclave sterilisation or by filteration)
etc., It will not be feasible to give such manual details in manu-
facturing process of each product, hut as far as the different
dosage formulations are concerned, namely teblets, injectables,
capsules etc., an attempt has been made to ¢ etail unit processes
required in manufacture of different dosage forms.

All the rew materisls (active therapeutic ingredients as
will a8 excipients) are first tested by the Quality Control .
Department. On getting 0.K. report from the Quelity Control
Department, the raw materiasle are supplied for production by the
main store. Wherever cold storage is required, such items are
stored in drconditioned storege. Secondly, there is an in-process
quality control where the sampling during manufacturing processe is
done by the Quality Control Department and the sample is tested
to see that the magufacturing process is going on properly. At
the end of the manufacturing of the betch, a sample is again d rewn
from the bulk at the time of filling and finelly, the finished
product is tested by the Quality Control Department for the laid
down standards for ach product and if that is found 0.K.,, the x
release order is given by the Quality Control Department for su-
pplying to the finished producte stores. Periodical testing is ‘
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also done recuelrly on a few batches during the shelf 1ife,

It maey also be noted thet for every batch, one has to
rely on random sarple checking » s no unit to unit checking
is possible and therefore, the observation of good manufactureing
practice during the process is most essential,

TABLETS DEPAR ITLENT

Annexure - A gives flow-chart for the process adopted for
menufacture of Taeblets,

The raw materials as per the formula of the product with
other excipients as mentioned in the Master Card for each product
batch size are welghed under the supervision of a qualified
chemists, The batch is then further processed by mixing in a mixer,
The granuleting solution is added to prepare a moist mass which
1s passed through a granulator for wet granules., The wet granules
are&ied in a chermo staticelly controlled over at a reasonable
temperature, so that the potency of the product is not affected.

The dried or semi-dried granules are again passed through
2 smaller meésh in granulator and then they are lubricated with
lubricant and mixed with disintergrating material. A semple 18
tested from bulk granules before compressing the mass into tablets.

The dry granulation process is followed when the active
ingredient is major part of the formulation and is affected by
moisture. 1In this process the powder 1is directly slugred and
reduced through desired mesh, lubricated end compressed into
required tablets,

The lubricated granules are then pressed into tablets in e
tabletting machine, During compreseion, samples are regularly
drawn for hardness testing and for the distintergration te sting,
uniformity and friability.

At the end of the compression, samples are drawn by the
(uality Control Department for carrying out the necessary test for
each active ingredient.

Finally, the tablets are packed into respective containers
¥hich may be glass bottles, plastic containers or strips made
of aluminium, celopoli, paper poli, etc. The labelling is
completed after putting the batch number, menufacturing date and
expiry date, if any,
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If required, tablets may be film-coated, sugar = coated or
enteric coated.

CoPSULE DEY ANT..ELT s
Anrexure = B gives flow-chart for the process adopted for
nanufacture of Capsules,

45 per the (luster Cerd, the raw materials are weished urder
supervision of & chemigt -nd they ore thorourhly mi:ed in 2 uixer,
1f small ;r.nulec are 1reculred, granul-ting sol tiorn is it and
the wet macs ic passed turough (ranulitor, wet granulers 2re then
drie¢ at the renuired temperature in ¢ theri.ostaticelly controlled
drying ovein. The enpty ecletin cu):nvles are *‘her. #$.ken into
hopper of .ulosatic capsule filling and clocing machii e and
after adjustin, tie weilght, the buatcnh 10 filled in the ntchine,
The filled ceprules are regulerly checked for wekight vori:ciion,
if any. If required, t:.e uochine woul.C be odgucted to avoid eny
welght variation,

In bthe nanufecturing procecs of capsules, the main require-
ments are the temperature und the controllec Linaidit,. lLence,
the manuf:cturing is carried out in an aircénditioned area having
controlled relative hwaidity around 50,

Finally, samples are drawn by the Juality Control Lepartment
end after testing, the tetch is released for tne finianed products
stecres, The filling of the capsules in the contrainer is almo
done in an airconditioned area aend in a humidity controlled area,
80 that the capsu.es 2re not spoiled during the storage. The

containers are finally labelled after printing the batch
nunber, manufacturing date, and expiry date, if any. Capsules
can be strip pucked also.

LIGUID DEPARTLENT

Annexure - C gives flow-chart for the process adopted for
manufacture of liquid preparations,

The raw materials are whighed under the supervision of a
chemist and the manufacturing process is carried out as per the
Master Card.,

pH, Viecostty and volume are to be adjusted and checked for
gotting stadilised product.

If the product is a suspension, it will be required to
pass through ¢ Colloid Mill or a Homogeniser,
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nfter naking the final volu..e of tae trich, 1t i filtered
through a filter press, if 1t is 2 clea: sclution.

The semple ie drewn from the bulk ty the uslity Ccontrol
Dey rtment and also ttie final finished contiinerc are sa:jled
by the quality Control Lepartnent for releasin; ihe bateh,

The product ic filled into bottlec or in jere .nd in tue
of Vitemin preparations, the air gep is fliu .l ed with inert t(ec to
repl:-ce the ai1r for stabilising the product. Ui contcinere :re
finally cay ed in e cerpin, machine and * hen lutellec by putting

batch number, manuf: gturing date und expiry dute, if LNy

LLou & Thed oFoolel FLUIDG @

Annexure DI & DII show the flow.chaits for the yrocesces
adopted in manufa.ture of Injectables and Teansfucion Fluids
respectively.

The solution makirg process :nd the filling seclins of |
the product in an ampoule or vial are carried out in a sterile
area. This sterile area is airconditioned :¢nd is ruirtoined under
8 positive pressure to prevent the outside air to contaminzte
the cterile area. The air which istiken through the zirconditioneé
unit isalso filkered through different filters andfinally
through bacteriological filter, so that the sterility of the area
1s strictly meintained, Tre duct carrying the air from the
airconditioned unit is also fitted with bactercideal larps, ThLe
bactericidal lamps are also fitted in sterile rook and asceptic
filling cabinets. The filling and sealing process 1is further
carried out under laminer flow, Sterile area is regualrly checked
for any contamination and to ensure sterility.

The raw materials are weighed under the supervision of
a quelified chemist for making the solution . ithiequired solvent
as per Master Card, After the solution is ready, if the product
is temolabile, it is sterilised by filtering through becteriolo-
gical filters, say either G-4 or G-5 filters or preferably
through millipore filters. The sample from the bulk container is
drawn and snt to the Quality Control Department for testing the
sterility of the product. Thermostetle products are sterili sed
by autoclaving at the end,
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Containers and closures such s ampoules or vials and trans-—
fusion bottles as t e case may be, and rutber closures are first
preliminarily washed ~nd then they e finally washed with
di stilled water for a numter of times. Ampoules, vials and
traunsfusion bottles are also flused with filterel compressed
alr, These containerc are then sterilised in hot-air owen at a
high temperatwre in closed containers. The closurec are sterili sed
by zutocloving., The bulk sterile solution is then filled into
ampoule, viul or transfusion bottles, as the c: se may be, in a
sterile area,

The amp oules: re tested under vacuum for leak test.

The filled ampoules, viels and transfusion tottles aie
individually inepected for any particulate matter present.

Finally, samples are again drawn by the (uality Control
Depirtment end as2in tested for sterility and for mtive ingre-
dients. (n pacsin; the tes}, the batch is then released by the
«w lity Control Dep rtment. The containers are finally labelled
after putting the batch number, manufacturing date and expiry date,
if any.

CINLELT DEF . EL :

hAnnexure - E shows the flow-chart for the process adopted
in manufacture of Ointrents,

For ointment, fine particle size of the raw materisls is
one of the most important .equirements,

~& per the liaster Card, the base for the ointment is separ=-
ately prepared in a jacketed mixing tank, ALfter preparing the
base, the 1ingredients are added aad during addition, constant
stirring is maintained for proper mixing.

Finally, batch is then pessed through a triple roller mill
for the fineness of the product,

If the ointment is to be used for eye, all the above
mentiored processes are carried out in a sterile area, exactly
as nerrated in pirenteral department,

Ointment tubes z1re flushed with compressed air and in
case of o sterile preparation, they are sterili sed.

The filled oirntment tubes ore then sampled by the uality
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Control Departuent md tested for zctive ingredient, cortents, x
sterility , etc., and on getting them 0,7., the batch is relesced
for finkshed products stores. .t the time of fillin; tle tule,
batch number, manufacturing date znd ¢ xpir; dote, 1f any, is
pressed on the tubes right or the ointment fi1lling mechine,

EOWDER & GRANULE SECTION :

Annexure - F shows the low chti’ tor the Frocess sdopted
in the manufucture of Powder & Granules,

¥

Prepare ¢ranules of the dry syrup s per the ilaster Caord,
Specified weight of the granules are filled by automatic filling
machine and capred. During the bottle filling, sampling is
carried out for weight variation. The finished product is
analysed before final packing, ifter testing, the batch is
released for finished product stores. The bottles are finadly
labelled after printing batch number, manufacturing dete and exply
date, 1f any,
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tablets/2 shifts/day.
Average Wt/ table s 350 mg.

2.5 tonnes/day - 62,500,000 tablets.,

Floor Area 485 sq. metres.
Bquipient

Sranylatdoq

Platform balance - 1 tonne capacity
Platform balance - 300 kg. capacity
Two Pan Balance - 10 kg. capacity
Chenical Balance - -

Powder Sifter:

Comminuting Mill - Jackete(Cadnill)
Comminuting Mill - Simple (Cadmill)

Mixer 3

Hobart type Mixer with Stirrer - 500 Litres capacity

Extra bowls for above

dobart type Mixer with Stirrer-100 Lts.capacity
Extra bowls for above

Steam operated kettle S.S5. - 50& Litres

Stean operated kettle - 100 Iitres

Mortar and Pestle(5 kg« & X kg. capacity)

Cabinet dryer-Themostatically controlled-130°C
(Steam operated 48 trays)

Fluid Bed Dryer - 120 kg.
Fluid Bed Dryer - 60 kg.
Extra Vessels for above

Drying room(50 sq.metres), thermostatically con-
trolled, with 6 Trollles of 48 trays

- o e

W

Capacity 1500 million tablets/years 6.25 million

each

each
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dubrication s

Powder Shifter- 50 kg.

Cadmach Granulator

Hobart .lixer (500 1litres)
Platform balance-~ 500 kg. capacity
Platform balance - 10 kg. capaclity

Sompression Section s

Press Coat (900 series)
Rota Press-. 45 station(8000 tablets/minute)

37 Statlon Rotary Tablet Machine (Cadmach)
(2500 Tabs/minute)

27 statlon Cadmach Rotary Tgblet Machine
(1500 tabletsgminutse)

16 station Cadmach Rotary Tablet Machine
(500 Tabs/minute)

Single Stroke Compression Machine(90 tabs/minute)
Hardness Tester

Vernier Calipers

Disintegration time unit

Chemioal Balance

Chilsonator (Roll dia-20 an x 10 om 250 kg/hr)
Tablet Dedusting Unit

Soatlng Section s 1.5 million Tablets/2 shifts/day.

Coating Pan - 60"
Coating Pan.72"
Jacketed Kettle (20 1it)
Colloid Mill

Polishing Pan with Drive

48 trays cabinet type
Two Pan Balance 80 kg.
Two Pan Balance 1 kg.
Chemical Balance

L T I T T T S - (I I ST
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II. AP SULE DEPARTIENT 3

Capacity 240 million capsules/year
1 million capsules/2 shifts/day.
Average wt/Capsule s 300 mg.
300 kgs/day.

Floor Area 255 Sq. metres.

BQUIPMENT

Platform Balance - 300 kg.

.

Two Pan Balance - X kg.

One Pan Balance - 1 kg.

Mixer - Cadmach - 210 1lt. capacity
Double Conc. Mixer - 100 lt. capacity
Mortar and Pestle - 5 kg. capacity
Chilsonator - 40 kg./hre.

Dryers specially designed

T Y T - Y I R

Vacuum Dryer - 40 trays

Automatic Capsule Filling Machine(ACF-Cadmach)-
500 Caps/minute 2

Extra accessories for filling other size capsules
for above

Semi-Automatic Capsule Filling Machine(300 capsules) 3

Bxtra accessories for other size caps.

Bopty Capsule Loader 2

Capsule Inspection Unit with belt - 2 (1 Fenicillin and 1 others

Capsule Printing Machine 2(1+1)

Chenical Balance 3

Humidity Recorders 6 (Roomwi se

each)

Capsule Polishing Unit 2(1 Peni-

cilline 1

others)
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ALUID DEPARDMRNT

Capacity 1800 Kilo-litres/year
7500 litres/2 shifts/day
60 ml. and 120 ml. pkgs.
94,000 units/2 shifts/day,.

Floor Area 890 Sq. metres

BQUIEMENT s

Weighing Balance Platform type 500 kg. capacity
Double Fan 10 kg. capacity
Mono Fan Balance 1 kg.

Mixing Tanks S.S.
with Stirrer 5000 1lt. capacity

1500 1t. capacity
500 1t. capacity
Jacketed Tanks 2000 1t. cgpacity
with Stirrer
1000 1t. capacity
Planetary Mixer, Hobart Type 500 1it. capacity
Hobart Type 500
lite. capacity
Colloid Mill
pH Meter
Viscometer
Lob pump (Phama lab.) -~ 1500 1it/hr.
Filter Press-2000 1lit/hr.
Right heeds filling unit(48000 units/shifts)
Automatic Capping Unit
Automatic Labelling Unit
Automatic Carton Opening Machine
Conveyor belts with checking units

Automatic Gravity Filling Machine for viscous
1iquid like Malt

Kettle S.S5. - 500 litres

[
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2(7 metres each)
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QINIMINI DEPARIMENT s
Capacity 60,000 kg/year
250 kg/2 shifts/day
Floor area 200 Sq. metres.
BQUIPMANT s
Lleandog Starilizer for tubes
Isopropyl Sterilizer for tubes 1
Powder Sterilizer U.V. Close Cabinet of 5 kg.capacity 1

Manufacturing s

Welghing Platform type Balance 207 kg. capaclty 1l

Welghing two Pan Balance 10 kg. capacity 1l

Welghing Monopan Balance 1 kg. capacity 1l

Chemical alance 1 (Sterile & Non-
Sterile)

RiiRAGATION ¢

Jacketed Mixing Tank with Stirrer 200 kg. 2(1 Sterile + 1 Non-

capacity Sterile)

Triple Roller S.S. Roll 2 (" noon)

Ball M11l1 50 kg. capacity 1

Edge Runner Mill 25 kg. capacity 1l

Jacketed Colloid Mill 1

Hot Alr Oven(for Ophthalmic preparation) 200°C

48 trays 1l

Autoclave Double - Door 1

Eilling and Crimping s

Automatic tube filling and crimping machine

4000 tubes per hour 1l

Chemical Balance - Mono Pan 1l

Capacity 300 kilo litres/year
1250 1itres/2 shifts/day.

Floor Area 5 Sq. metres.
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BQUIPMINT
Yasing

Automatic Rotary Type High Speed Washing
Machine for ampoules and vials

Demineralisation Plant 300 1lit/hr

Distillation Plant - 500 1lit/hr.

Rubber Stopper wWashing Machine 100 kg/capacity
Sterilisation

Double-Door Autoclave with thermo-recorder 2400
vials capacity (42"x48"x84 ")

Double Door Dry Heat Steriliser 20000 vials
capacity (65"x33"x32")

Storage tank with constant temperature for
distilled water 1000 litres

Manufacturing

Welghing Balance Plat.om type 100 Kgecapacity
Iwo Pan Balance 100 kg. capacity

Single Pan Balance 200 gms., capacity

S.S« Tank 200 Lit. capacity Jacketed with Stirrer
S.S. Tank 100 Lit. capacity Jacketted with Stirrer

S.S. Pressure Vessel 100 1lt. capacity
S.5. pressure Vessel 50 lit. capacity
Membrane filtering unit column type
Membrane filtering Unit 193 mm.
Membrane filtering unit 141 mm.
Vacuum Pump with high capacity

Alr Compressor

£illing and Sealing

Automatic multi-head vials filling and rubber
stoppering unit with sealing unit

Dhree head ampoules filling and sealing machine
Laminar Flow (6 feet)

Lead Test

N )

O DD D e N W W e e

3 units
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Vacuum Operated Vessel 1l
Inspection Unit for physical checking 10
B. ZUANSFUSION FLUIDS s

Transfusion fluids which are widely used in hospitals are
one of the essential itams where every developing country would
like to have i ts own manufacturing facility. Working detalls
for the manufactur e of transfusion fluids with capacity of 2000
bottles p er day are given here below

Capacity 2000 bottles/day

Area 630 sq. metres

BQUIPMINT

far Washing s

Automatic Rotary Washing Machine for
bottles

Demineralisation Plant 307 1lit/hr.
Distillation Flant 400 lit/hr.
Water Softening Plant 600 lit/hr.

(S = T S R PR

Rubber Stopper Washing machine-25 kg. capacity

Double Door autoclave with Thermo-recorder slze
12'x10'x12!

()

Double Door Dry Heat Sterilizer Size s 12'x10'x12' 1

Storage Tank with constant temp. for destilled
water - 1000 litre capacity 1

Eor Mapufacturing s

Balance - 100 kg.

Balance - 10 kg.

Jacketed 3.5. Tank with Stirrer-1200 litres
S.5. Tank - 200 litres

Filter Press Plate type-1000 litres/hr.

T T I = R SRy

Sinter glass funnel-120 mm. funnel unit 6 SG4 .

Eor FAlling & Sealing

Bottle Filling iachine 1 &
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Sealing Machine for transfusion bottles 1l
vi. EOWDAER & GHRANVLES SLCTION s
Capacity 60 Tonnes/year
250 kg/2 shifts/day
or 12,500 bottles
Floor Area 165 Sq. metres
BUIPMINT

Mixer (210 litres capacity ) 2 (1 Penicillin # 1
others)

Dryer (48 trays) 2( -do- )

Augur type Automatic bottle

Filling Machine 2 ( -do= )

Conveyor Belt 2 ( <do= )
2
2

Semi-Automatic Capping Machine

Granulator ( -do= )

Vil. QUaLITY CONTROL DEPARIMENT s
A. Chemlcal inalvals Division

Mettler balances

Melting Point apparatus

Hot air Oven

Vacuum Oven with vacuum pump
Distilled water unit

Muffle Furnace

Oxygen flask with platinum basket

O O B P oeow N

Platinum dishs and crucibles
Various tpes of Glassware
Waterbath (Electrical )

Gas Plant 1

w

Other miscellaneous equipments

B. Iastrumental Analvsls Diviaiop

Gas Chromatograph 1
I.R. Spectophotometer 1l
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U.Ve Spectophotometer

Flourimeter

pH Meter

Refrectometer

Paper Chromatographic equipment

Thin Layer Chromatographic equipment

Alr permeabllity apparatus for surface area

Polarimeter

BESEARGH & DEVAOPMINT DiPATudNT (FOR1ULATION)
Area 150 sq. metres.
SQUIRMENT

Tablet Compression Machinu-Singke Stroke
Rotary Tagblet Machine-16 Station

Mixer

Granulator

Coating Pan

Oven Small size(range 40°C - 200°C )
Capsule Filling Machine(200 capsules)capacity
Balance - 5 kg. cgpacity

Chemical Bzlance Single Pan-200 Qms «capacity
Iriple Roller Mill- small size

Colloid 1Mill - small size

Jacketed Vessel & Stirrer-5 lit. capacity
Ball Mill- kg. capacity

Tube Filling Machine-semi-automatic

Tube Crimping Machine-semi-automatic

Liquid Filling Machine(range 1 to 30 ml.)
Capping Machine for vials & bottles
Mini-bottle and Vial Washing Machine
Autoclave Small size

Ampoule Sealing ilachine

I R S S B
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Incubator 30°, 459, 60° each
Refrigerator small size
Humidity & Temperature Control Cabinet
Library Books and Periodicgls
IX. SENTRAL PACKING DEPARTMENT s
Area 750 8q. metres
BQUIPMARNTS
Strip Packing Machine(Six Tablets)
Conveyor Belts (5 Metre each)
Automatic Tabl:! Counting and Filling Machine
Automatic Cgpsule Counting and Filling Maching
Automatic Capping Machine
Tin Sealing Machine
Gumming Mgchine
Automatic Carton Opener
Automatic Label & Carton Printing Machinge

Automatic Printing & Labelling Machine for
Vials and Ampoules

Heat Sealer for Plastic bags

X. MAINTRUANCE & QOMMON VTILLITY SEXVICES DEPARRMENT s

Area 375 Sq. metres
JQUIPMENIS s

Lathe (165x600 mm) (Kirloskar)

Lathe (300x200 mm) -~ d0-

Drilling Machine (2") (Praga)
Bench Grinder (150 mm) (Wolf)
Flexible Grinder- medium si ze(wolf)
Portable Drill Machine
Upto 13 mm. size (wolf)
Upto 38 mm. size (wolf)
Portable Blower- small size (wolf)

Nmmpwpmsm
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Klectric Welding Machine 12 KVA 3 Phase

011 cooled (Advani) 1
Gas Welding Set (standard size) 1
Mr Compressor-20 HP, 3 phase 60 CPM, 150 PSI
(Ingersoll Rand) 1
Vacuum Pump - 10 HP, 3 Phase, 177.0 CHM,

Ultimate vacuum-0.005 (J.B. Sawant Engg.) 1l
Gas Plant- 8A Size Gas produced 41.5 cam,etre

per hr.(Ganson) 1
Boiler- tons capacity (Wanson or wIMA India) 1

Water Treatment Plant ;

1) Demineralised water plant - 1000 1it. per hr.
11) Water Softening Plant - 10000 1it. per shift.
111) Distilled water plant - 500 1it. per hr.

Alr-conditioning Plants 80 tons plants,
capacity

WALLITY CONTLOL DPARDUNT

The Juality Control Laboratory should be staffed and
equipped in such a way as to carry out effectively all the
required tests on samples of raw materials as well as the
finished products.

AN MATERIALS 3

The control of raw material has a special significance, as
it constitutes the beginning of the long series of controls.
The primary reason for exercising controls over raw materials
is one of quality assurances.

Adequate and realistic specifications should be established
for raw materials. Rellable gnd suiltable methods of testing
‘for these specifications should be developed. Specific
procedure for receiving, inspecting and sampling consignments
should be followed. Data obtained from testing raw materials
should be recorded in the control record sheets. If the

consignment 1s accepted, the approval release document is
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made and despatched to stores after which the lot is removed from
the cuarantine. It is desirable to stick control release labels
to indicate that the material is passed or 'hLold' label for rejected
materials to every contailner. Recjected materials should hot be
moved from guarantine and should be returned to supplier with the
ninirum delay. The quality control department advises the stores
department for the proper storage conditions. Quality Control
Department als¢ fixes the specification of packing components, such
as ampoules, vials, bottles, closures, empty capsules, labels
cartons etce

INPROCESS CONTROLS

Inprocess controls at various stages of production are of
considerable importance. Rigid Control over sterilisation tempera-~
ture, pressure differntial between the sterile and non-sterile side
of the premises, bacterial count of the inlet air and the entire
sterile area, especlally the cubicles, analysis of mixed powders
and granules, welght varlation of tablets, capsules or volume in
disages delivered to vials, temperature and humidity in coating
and filling rooms and inspection of filled containers for the absence
of particulate matter, quality of sealing, hardness and friability
of tablets, pH and volume of 1iquid preparations-all contribute
to a great extent in bullding the quality of the product,

Before and after the finished product is ready, Quality
Control Chemist withiraw the sample and analysis. Specifications
for the finished procucts at different stages are established by
the quality Control Department,

EHABMACOLOGICAL ANALYSLS

In addition to chemical analysis, biological testing is
included for raw materials as well as finished products. Biological

tests include pyrogen testing, toxicity tests and depressor tests
and bilo-availability test in certain sensitive products,

.
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Pyrogen test is carried out in rabbits for water for
injection, antibiotics and injections of antibiotics. Toxicity
tests are carried out on mice for antibiotics in raw from as well
as finished products. Depressor test is carried out in cats for
antibiotics in raw form and finished products,

HETAINED SAPLES

Adequate quantity of each and every batch of the fianished
product is stored for a desired time in a retained sample room. The
products with expiry dates are kept for e months beyond the expiry
date and n on-explry products for 3 years from the date of manufacture
at prescribed temperature. A periodical observation of these samplaes
is carried out and record of it is maintained.

Quality Control Department analysis raw materials, packaging
materials, in process products, finished products, products from
research and development departments and samples of periodical snd

stabllity studles and controls the manufacturing processes.

Load for analvsis per day

6.25 million tablets 6 batches
500 kg. powder for capsules and dry syrups 4 batches
3750 litres liquid 2 batches
250 kg. Ointment 2 batches
1250 litres Injections —d hatches
Total butches per day 19

i.e. 100 ingredients per day including raw materials
and packing materials.
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Area of modifications possible :

As far as the manufacturing cctivities are concerned,
the following are the salient features which o.e amenable
to change.
I. a) Scale of production
b) Batch-wise/continuous production
c) Packing (in the case of formulsotions)
d) vize of equipment usced
II. a) Stage from which auge zire produced
b) Product-nix

Itrms II (a) & (b) are of a policy nzture, The 1li:t of
escential diugc is to te drown up ty every oourtry, tildrg
into account the pirevriling diseore patterns cr¢ aconomic
sltuationse 1Indis hee olready drewn up o 1i % of 117 drugs
which 2re considered csrentiul. The decisicr:e of thie nutuve
hel, in rricing, licensing end import :clicicc of “ne Gevt.
Left to themselver, “:e manufacturers ~ill erd up producing
high value-low velume drugs and the needs of the yopulwution
will ¢o urmet; the invectient 11 0 intc ¢1eus which e
socially lese desirable. 7The public sector, if iy, muot e
assigried the responsibility cf meeting tre wzjc. portion of
needs of escential drugs of the populaticr.

vecondly, the stage from which drugs are %o be produced
1s to te determined taking into account the aveilability of
technical skills, availability of establiseu cherdcel irducstry
in the country etc. The D&P industry may cuoose to operzte at
any the following stages

i) Import finished medicines and repack

ii) Import bulk and formulate

1i11) Import penultimate intermediate, produce in bulk
and formulate

iv) Import baeic rew materials and produce bulk drugs
fromv arious stages

v) Produce bulk from indigenous raw materials.

Obviously, as a country develops, it will move down
this list. While it is quite desirable that a comtry be self
sufficient in needs of drugs, the viability and sustainability
lity of the proposal must be conaldered before any decision
is taken in this regard. Also, these countries need not aim




ut sell sufficiency 1: 211 drugs. The country may be better-off
rrcducing those d.w s for which skill, raw mateirials and demand
exist ¢nd importing ti ¢ other drugs. A feasible strategem

irn this regard 1s to start at the top of the akove 1list to meet
the current demend for drurs at the smme time improving the
infrastructure so that the desree of sedf reliance increased
rapidly.

necarding inthe technical choices, the scele on Which
the production units are set up d epends neturally on the demand,
It is necessary to point out tim!t the develéping countries need
not adopt the larce scale mar .Jacture technology which are proved
to be least cost ones, even whin demand constraints do not exist,
iiuis 1s becauce the resources uvailable are different, and it mey
ke desirable to have a few small units instead of a big one.

In the drug industry, generslly much choice doesn't exist
between batchwise and continuous production. HMostly, it would
hive to bLe batch wise tecause of the quality standards,

As regards pzcking, both the kind of packing and th
technology for pecking can be different . For example, there is
no need to ¢o in for' very convenient but costly packing of
tablets like bdlister packding. Such things make drugs avoidably
costly, The quality standsrds can bemet by packing tablets/
capsules in bulk in glass bottles. It is needlees to say
thet rrcking and packaging  are the 2reas where human labour can
be used and that labour intensive methods must be chosen,
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6.0 vection IV Sy:tem of distribution of Drugs & Pharmacwe-
ticals und measures for quality meintanance.

rractice in developed countries

In the developed countries, distribution of drugs and
pharmaceuticols 1 s considered to be u professlonal service with
high responsibilities. This awareness hes been translated in
these countries in the implementation of certain controls and
business terms that may not be possible in a developing countries.

A manufactu‘rer or an importer distributes through a
system of whole-salers who in turn supply to retailers,

The system of trade discounts leaves a margin of gross
profit of 25% for the wholeseler and a 8 much as 33% for the
retailer. For imported drugs the importer also takes 10%
on C,I.F. price plus duty.

The - etailer has to have the services of a graduate
pharmacist.

By virtue of their "development", the reaching f 4 rugs
and pharmaceuticals where they: re needed and when theyare needed
does not pose much of a problem in developed countries, The
net work of transport is highly effickent, specialised transport
like refrigeration vane is available, the population is largely
urban, better educated and the health services are better
organised and better staffed,

Practice in d evelopiug countries.

A developing country like India faces a formidable task
of transporting medicines over an aret >f the =size of & sub-
continents The net work of transport, though improving every
day, ®seems inadequates The regualtions of various taxes and dutie
vary in different places, Unlike the distribution . of consumer
items, the ¢ rugs distribu ion costs in India are borne by the
manufacturer, Traditionally he to teke back what is not
80ld and reimburse any breakage in transit,

The non-availability of refrigerated vans also poses
problems for distxribution of drugs like Vaccine and sera. The
normal procdeure is to transport such drugs in ice.boxes upto
the District Towns, store them in refrigerators and supply to
smaller rlaces in vaccum flasks packed with ice. For other
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products, proper stabili sation techniques are employed srd
pericdic studies are conducted on the drug s after they reach
their destination,

The drug industry in India has the followin; retwork at

pPresent

1. Licenced wholeszle and tetail chemiste 1,0C,000
24 .0spitals @nd Dispensaries 15,000
3. Primary lealth Centres etc, 48,839
4. Loctorb' lispensaries ¢ Clinics 1,40,C0C
Se General merchents h:ving drug licenses 1,C0,0CC

In the absence of a Nationzl ..eclth wcheme, the herlth
services in Indie functiore under two broad-hezd s Government
and Private,

The Government ..e.2 a full-fledge! Directorate of ecical
Services with Directors in =all stater, Lach di strict in “he
state has its own civil surgeon who pPresides over the civil
hospitals and also & District Lenlth Office: whe <drini sters the
Uigctrict Dispenssries and Primary ''ez1th Cerntres. These Govt,
agencles purchase their requiremerts throv¢h ate contracts. 7o
certain categories of Government servan’s, there ic a cyctem of
re-imbursing the cost of tie medicimes prescrited by the
authorised medical offier.

To cover a large numler of industrial workers, the
Employees! State Insurance sScheme functione under a separate
Directorate. The cost of the medical and health services
provided to the workers covercd under this scheme ig borme by the
employer and the Government. The worker contributes a very
small percentage of his salary as a premiunm,

Large municipalities, Industrial Concerns end Corporations
have their own systems of health care. They usually buy directly
from the manufacturers.

To cater to the needs of the vast number of patients
being treated by private doctors, there are more than 1,00,000
wholesale and retail outlets in the country, There are
other 1,00,000 general merchants having restricted drug licences
to sell comparatively safe "non-schedule" drugs that do rot
require a doctor's prescription,



. licens ¢ derler recuiced the services of a qualified
shernecel cte

Unlike the _rnctice prev iling in te developed countries,
*bere mharmceivte nre not required to fhe graduates of pharmacy.
The, could nlso be dijloma-holders in phormecy.

In developed countrics, basic health care ic accepted as
& baslc head. Since evervone appreciates the nee’ and is able
to spend for it, the istribution of drugs im even.

The developing; countries, the urben peoyle ap: reciste
the pe.-d better oréd o frection of them are able pey for it. o,
tve  rug stores trend to get concentrated in urban areas. 1In
these countries, doctors-who, by their prescrirtions create demand
ere concentratec in urban areas. In villages, people resort to
;ell medication and so a doctor is better off in a city in spite
of tlc competition then in a village,

The bzsic reason for these is tirt the income level is low
and even this ic¢ not evenly distributed. Aleo, the doctors
develop an urban orientation so thet even if the income in
urban &«nd rural arecs we e to be equal, a doctor would rather
like to line in an urban erea than in a villase. The relatively
higaer degree of self medicrtion is also responsible for the
kind of dictribution of drug consumption obtaining in developing
countries, Further, the peojyle in rural areacs are ignorant of the
better and smfer medicul treatments availeble to-day,

It is clear therefore that if drug consumption is to be
more evenly distributed, an all round development has to come
about in these countries.

lieanwhile, some simple cures at least must reach the
rurzl areqs, In develrped coun‘reis like Australia, the rural
people are cotered to by flying doctors. A trained nurse in a
remote area communicates the symptoms of the disease of the
patient to 2 docter through wirelesc and the doctor instructs
whet to do. Poor developing countries can not afford such
methods, Even proposals like a doctor travelling in a van visi-
ting a villagces every week are considered too costly to set up
and meintain. So a system which would require less investment
and recurrir expenditure =nd would mike use of human resources
availaile i¢ called for,
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In India, the rural health scheme now being implemented
by the Govt. involves training a few colunteers on how to cure
certain simple diseases and giving the volunteer drugs worth
Bs 600 p.a.

The village head man, the school tencher, the rostmaster,
are sme people who can be used for this pmrpose. The Govt.
would have to guard itself to see io that these berefoot 'doctors'
do not profess to know more than they do and cause serious damages
and to se¢ to that spurious drugs ere not administered by these
‘doctors!'.

One important thing the governments of the developing cou-
tries should bear in mind is the fact that the rursl flok are,
after all, using some medical methods of their own. The allo-
pathic drugs gre not necessarily the best for all diseases. So
the Govts, need not be too pre-occupled with the idea of spreading
use of allopathic cures. The Govts would do well to systera-
tically study the existing methods of cure 2nd o modify them
meking them more effective. This strategy 1o likely to work
because 1t be ecsy to develop on what is already familiar to the
rural folk The doctors practicing these systems of medicine
and the raw materials needed for these drugs would also be avail-
able in rural areas, So the rural health scheme of these count-
ries should give consideralle priority to these alreesdy
acceptied systems of medicine.

Certain instances of family planning practices used by
tribals of Indie being more effective than the populer allopathic
Liethods have been reported, Otviously the Govts would stand to
benefit exploiting such proven medicines and practices,

In developed countries, many competent orgenisations come
pete with each other. So competition can see to that the prices
of drugs are low., The people are also more affluent and s cen
pay for the drugse.

In developing countries the number of competent manu-
facturers is relatively small. The peorle are striving hard
even to get sufficient food and sehelter. 3o, if the drug
prices are let to be determined by market forces, monopolies
will operate therby exploiting the people. <o, the intervention
of the Govt., is called for. India has a Lrug Price Control system.

.
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It should not be thought that the role of Govt. is negative-
like imposing various regulations., Paradoxially, even the Govts,
which want to keep the drug prices low impose various dutiee und
taxes therby countridbuting to price rise. The govis., can countri-
bute to reduction in drug prices by providing inputs like raw
materials, power, water, machinery ot subsidised rates,

While fixing the prices of drugs, the govts. in developing
countries try to keep the prices =8 low as possible because the
ability of the consumers to pay is less, But this acts ss a
regarding factor in the supply end i.e. because the drugs xe
not profitable enough, entrepreneure invest their resources
elsewhere ands s0 the quantum of drugs produced remains smell,
Govts, should therefore try to keep the prices low by supplying
inputs at a cheaper cost rather than by providing emaller profit
margins,
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643 Regulation of prices of Lrugs in India

In Inswa, the prices of drugs hove lLeen under control for
over a decade. For the first time in 1962, an order wac pro-
nmulgated which required  display of price licts. Thic was followed
by an amendment to the (Control of Prices) Crder, freezing the
prices of medicines at the level prevailing or 1st April 1963,
Ae the prices of vari ous raw materiale tnd other inputs were not
frozen at the same time this order adve sely affected the growth
of the industry. Government introduced a system of selective
increece of prices in 196€ and i ssued the Drugs Prices (Di splay
& Control) Order in June, 196€ which made it obligatory for the
manufacturers to obtain prior approval of Governrment bvefore
increasing the prices of any formulation. By subsequent amende-
mente, new drugs developed through coriginal regearch as well ‘8
items marketed under pharmecopoeial names were exempted from the
operation of price control. Govermment also referred to the
Taruff Commicsion for investigation of the cost structure of
17 selected es:cential bulk druge =nd as a result of tueir study,
the Commi ssion recommended fair selling prices for these items,

The Drugs (Price Control) order, 1970, was promulgatad @n
16th May 1970. This order was subseguently amended from time to
time in the light of the experience gained in 1its working and
suggestione recelved from the i1industry and trade. The sallient
features of the (Order are g

i) Selling prices of 17 essential bulk d rugs, inwrious forms
wherever applicable, were fixed by the Govermment taking
into account the recommendations of the Tariff Commi ssion.

i11) Selling prices of other bulk drugs were frozen at the level
prevailing immediately before the promulgation of the Order,
and menufacturers or importers etc., were not to be permttted

to increase the selling prices of the bulk drugs without prior

approvel of the Government for which deteils were required to be
furni shed in the prescribed form,

111) With regard to formulations, the retail price (Price to
the consumer) of a formula tion is arrived at after taking
into consideration the ex-fsctory etst, which compreses

of the material cost and manufacturing charges, based on the

norms for conversion and packaging prescribed under the Drugs
(Price Control) Order, On the ex-fectory cost a nrfahle

mark-up is provided ranging from 75% in the case of formulations of

essentlael drugs, 100% in the case of new formuletions evolved by
product development work to improve the therapeutic efficacy
and 150% in the case of new formulations containing a new
drug developed in India. An alternate scheme of ?ricing of

formulations also provides higher merk-ups upto 150% in tge
case of formulations of other than essentiasl drugs, provided
the overall gross profit before taxee does not exceed 15%

of the sales turnover,
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64 Bragding

One of the important a2 spects of marketing of pharmaceuticals
being discus:ced to day is whether or not t'e drugs should be sold
by brand nemes like all other consumer durables and non durables.,
Thls question is of greater relevance in developing countris
because

i) branding invloves & lot of promotional expenditure

(whicy s avoidable), making drugs costlier,

i1) branding makes it difficult for demectic manufacturee
to compete with subsidiaries of multinotionals using thetir
esteblisned brand names, thereby hindering  the growth of indi-
venous industries,

1i1) branding helps some firms to sell drugs =t exhortitant
prices (much more than what 1s justified even by marketing expenses)
though the drug nay technicelly be just as effective as other
sold under generic names,

iv) 4 lot of unnecessary combinztions of drugc flood the
narkets,

In developed countries where "the gmme o1 survival of the
fiktiest" can be played without the consumers suffering much because
competition is intense in those countries and the ability of the
consumers to pay is also more. But in developing countries, the
competition 1is not strong enough to see to that the prices are
reasonable. So, if & firm, because of its marketing strength, is
able to establish a2 brand name, it czn exploit the advantage
and the common man would suffer.

But  proponents © of brand name argue that the quality of
drugs can not be ensured unless the drugs re branded. Sourious
drugs can find easy entry and manufecturers will go unpunished,

Still, it is felt that at least in the case of medicines
for common diseases ahould not be branded. The Hathi Committee,
sppointed by the Govt. of India, recommended, inter alia, abolition
of brand names of drugs (Annexure ) as an initial step. Im the 4
long rum, the committee felt, all drugs should be 2014 under
generioc names.

Others developing countris cen also initiate the process
of de-branding,
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1) The drugs and Cosmetics Act, 1940 regul:tec theimport, manu-
facture, di stribution and sale of drugs in this country. Under the
provisions of this Act a1 d Rules froried under this nct, quality
control is exerciced over drugc thet are importei into this country
as also over those which re locally manufactured. The neture of
contorl exercised over imported drugs and drugs manufactured locally
are described below :-

2) COLTRQL .Exercised over imported drugs :

Al. drugs which ‘- re importec into tne country sre inspected
by the officers of the Drugs Control Organisation of the Central
Government posted at the ports at the time ol import. The labeks
of such drugec are scrutinised to see whether all the particulars
required to be shown on them includin; the claims for the drugs re
in conformity with the provisions of the Lrugs and Cosmetics act
the Rules. In addition, semples of imrorted drugs =zre deawn and
gent for test to the Central Drugs Laboiratory, Calcutta. In wase
the samples ontest are found not to te comply with the prescrited
standards, the drugs are not permitted to be imported., TLebelling
deficlencies are also got rectified teofore being permitted entry
into the country.

Whereas the conditions mentiored above are reguired to be
fulfilled by all d rugs at the points of entry into this country
before import is permitted, biological and special products like
gsera and vaccines, antibiotics, surgical ligatures and sutures,
vitamins and h rmones, glandular products, etc. are, insaddition,
required to be imported under a licence under the Indian Act. The
importer has to submit an undertaking from the manufacturer abroad,
wvhose products are to be imported to the effect th:t the conditions
of manufacture required to be complied with under the Indian iLct
are being complied with by him and that the standards of drugs and
other Ijrovi sions of the 4Lct and Rules will be complied with,

Before granting licences for import, it is ensured that the importer

has adequate storage facilities for storing
bioligical and thermolabile drugs. The licensing scheme enables
the Central Drugs Control Organicsation to keep a check over the
distribution of these blological products in the country subeequent |
to their import and in case any batch, during its movement in the
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country is reported to hrve deteriorated, the importer (licensee)
¢c'n he mrde to witldraw the defective drug from the merket.

3 gontrol over druge ranufactured in the country

Under the Druges and Coswmetics Act, drugs can be manufactured
only o uinst ¢ manvfacturing licence. livnufacturers should satisfy
the following pre-recuisite conditions to bve eligibe for a licence:-

1) Employ adequately qualified technical personnel to supervise
the manufacturkéng operations;

i1) laintain h; ¢lenic and adequate premises for the manufecture
of the various categories of drugs covered by the
licence;

1ii) raintain necessary equipments and appliences required for
the manufacture of the rug proposed to be manufgctured;

iv) Te¢st the raw materiuls used for manufacture and every batch
of the rroducts manufcctured and maintain records of the
test reyorts, The testing unit should be independent of
the manufacturing uanit.

v) -aintain records and registerc chowing the dictribution of
e nanuafrctured vroducts,

canufacturing licences 2re of two kinds, The conditions of
renufocture are moie ctrincent for bioln; ical products including
rera, ceccines, ete. thun for other drugs. Drugs Inspectors
inspec® ‘i@ canufacturing premises and manufacturing licences are
cranted orly if they . re satisfied that the requirenents of the
le irlction 2r1e¢ complied with. Druges irncpectors are c1so empowered
to visit tle rnufacturing establishnent to see 1f the necessary
safefuards t0 hbe cbserved during the process of manufacture are
s YOperly ot served anc«n also take u samples for test,

4) standards for drugs

The standirde luaid down for drugs which are imported or
wenutactured are the same and according to the Schedule to the Act
the Incian Pharnucopoela 1s the sole book of standards for the
drug irncluded in it. For drugs not included in the Indian Phar-
ni.copoela, the standards laid down in the pharmacopoeia which the
drug claims to be of, ap;ly. For patent or proprietary medicines
the stindard is the formula or list of ingredients displayed tn
thr prescribe. manner on the l:tel of container.
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5) control over lLew Lrugs i

Under the provisions of the Drugs and Losmetice act con‘rol
1s exercised over lew Lrugs. Importers znd nanuvfscturers of New
Lrugs, have to submit applicatiors geivirn; nedicel
literature including details of the phermacologicel and toxicity
studies ¢ rried out with the drug. The nedical litercetire, clinical
reports etc, are exanined and where necessary opinions of expert
bodles are also ascertained. After verification of the above
details only these drugs whose efficacy znd "armlescness rre
found setisfactory and which re being marketed in the country of
orlgin xe permitted to be marketed in this country., Additioral
caution is also taken by which the lebel or literature thst ig to
accompany the drug zre scrutinised and suitable caution note is
required to be inserted in the label and literature. In case any
adverse reactions are reported, the drug is not permitted to be

marketed.

The regulatory measures under the Drugs and Coametics .ict
are in force for the last thirty years. Enforcement of the
regulatory measure in respect of drugs which are locally mesnufact-
wred or which are distributed in the country is the responsibility
of the State Governments and the Central Govt., is responsible for
meking uniform rules and regulations for observarnce by manufactur-
ers and importers, for laying down standards for drugs and also
for regulating the quality of drugs imported into the country,

In order to make sure that the standards of enforcement are uniform
and that the conditions of manufecture are same throughout the =
country, the Central Joverrment has established Zonal Officres end
laboratories to assist States in toning Drugs CStandard Control,

The testing facilities availatle wit: the Cent:'al Govt.
have been placed at the disposeal of *he States and the intention
is to apaist the States to develop their own testing facilities,
Several States are already having testing laboratories of their own,

There are 2,657 drug menufacturing firms in Indie, of which
about 125 are in the lxrge and medium scele se~tor and the
remaining 2,532 in the small secale sector,
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The total number of Drugs Inspectors in the country now
including the Central Lruss Inspectors is 4545,

The turn over of the drug industry in India today is
€stincted to Le of the order of BRs.7,000 million.

» prograune for training for Drug Inspectors ie conducted
regularly in the country ~nd so far 250 Drugs Inspectors hove
undergone such training. A training progremme for Drug
Anelysis is alsc conducted at the Central Drugs Laboratory
where training in the modern techniques of drugs menufacture is
imparted., 4 training Programme is also conducted for the
Drug Control Officere in the manufacture and testing of Sere and
Vaccines at the Central hesesrch Institute, Kasmuli,
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The drugs and pharmaceutical industry 1is highly research
intensive, very competitive and secretive. There is 5 very high
rate of obsoulescence of products due to discovery of new ahd better
drugs and the changing pattern of disease conditions. There is
thus a constant need to develop new technology for the production
of known drugs particularly for import substitution and self
reliance and glso to develop new drugs for disease conditions
prevalent in the area.

Research requires much money and time. Many products
should be screened bef6re one commerciall~ useful drug can be found.
It involves a lot of uncertainty. From the identification to
commercial exploitation it can take about elght years, if zmnot
more. One can understand the financial backing this would call for.
Developed nations spend more than 5 of sales turnover on RxD.

Since the sales turn over is high this represents g lot of mon ey .
In developing nations, where the sales turnover is low, the
percentage spent on k&D is less than one percent. One of the main
reasons 1g that the companies operating in developing countries are
subsidiaries of multi-nationals. The multinational have a central
h&D unit and do not encourage RkD expenditure in foreign subsidiaries.
The developing nations lag so far behind in this field that it 1g
not unusual for one to find g drug, which is fast on itg way out in
the developed world, being introduced in developing countries. So
it 1s not rewarding for developing nations to invest their scarce
resources in R&D to develop new drugs.

At present, R&D units in developing countries are
engaged in process improvemamts and in process development. India

has achieved some success in this regard. Even whan g3 technically










feasible process 1s developed, the cost of raw materials in

developing countries render the process useless and the e.tire
effort spent on developing the process will have to be written off.
Nevertheless, the developing countries have succesded
in developing their own technology for well known drugs and in
improving upon the technology they imported. The very fact that
these countries have set up facilities and have atiained confidence
to developed processes for "complex" drugs shows that given the
resources, they would also be able to compete with RXD units in
developed countries.
el Besearch and Development in India in the Field of Drugs:
The Government of India has been laying considerable
emphasis on the promotion of h&D and its uti)isation by industry
and has taken various steps in this directiuon. Apart from setting
up its own laboratories, the Government has also given incentive
to the industry in the fom of income-tox relief for the establish-
ment of R&D laboratories. 1In order to encourage commercialisation
of technology developed by National Laboratories, the Government
has recently taken a decision to exempt from licensing provisions
any capacity which 13 established on the basis of a technology
developed 5y a Natlonal laboratory. This facility will be avallatle
in respect of sponsored research undertaken by such laboratories.
Research & Development in this field is carried out by
three gypes of organisations -
1. Kesearch and development units within the industry.
2. Government research laboratories.

3. Institute of Technology and Post-graduat: depart-

ments of Universities.
R & D laboratories in the country have been set up

some of the larger units in the organized sector. In




the public sector. Hindustan Antibiotics Limited and Indian Drugs

& Pharmaceuticals Lim' -ed have thelr own full fledged K&D divisions.
In the private sector, research laboratories like Sarabhal Research
Centre, Ciba Research Cei.tre, and those assoclat:d with Alembic
Chemical Works Company, Unichem Laboratories, Ranbaxy Laboratories,
Themis Group, Cadilla Laboratories, Bengal Immunity hesearch Ingtitute,
may be mentioned. The main emphasis of these laboratories has been
on solviny jlant problems, process improvements, which includes
recovery procedures, bye-product utilization, process conteol,
import substitution of raw materials, enforcement of quality control
measures and standardisation of process for production of new drugs.
Some of the bigger research units are also working on development of
new drugs. The overall investment in R&D is estimated to be about
k.30 million, which is less than 1f of the turnover. But this figures
is far too 1lnadequate considering the nigh research needs of this
industry. Amongst the Government research laboratories, the Central
Drugs ttesearch Institute, Lucknow, under the CSIR, 1is devoted
exclusively to problems related to all aspects of pharmaceuticals and
drugs researchs It is one of the few laboratories in the country
which has g strong scientific base and the whole range of infrastruc
tural facilities necessary for new drug development. In addition,
the following laboratories of the CSIR undertake problems connected
with the development of technology for drugs and intermediates 3

1. National Chemical Laboratory, Pune.

2. Indian Ingtitute of Experimental Medicine, Calcutta.
3. Regional Research Laboratory, Hyderabad.

4. Reglonal Research Laboratory, Jorhat.

5. Reglonal Research Laboratory, Jammu.

6. National Botanic Gardens, Lucknow

7. Central Indian Medicinal Plants Organization, Lucknow.

These laboratories have helped the industry by (1)
standardizing technology for the production of known drugs and
intermedlates; and (1i) establishing proper agronomic conditions
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for the cultivation of medicinal plants and evolving new varieties
of plants. A large proportion of work in these laboratories is

sponsored by the industry.

7.7 tection and exclusiy

Patents are granted to inventors so that the organisation

which has spent money for the purpose would have exclusive rights

to use the invention for a particular period during which it can
recover the money spent and can earn a reasonable profit. This

kind of protection fostered development of new machines and processes.
But 1t can also be argued that the inventor firm is allowed to have

a monopoly and thus exploit the community.

Patent laws differ from country to country. The US
provides protection to processes and products. In India patents
are given to processes only. In general, more the protection,
greater 1s tie development activity in a country.

Tr 3 developing countries do not suffer more due to patent
protection given to a company than a rival company in the developed
country itself., In fact, the patent laws should not be of much
concern to developing countries at least for quite sometime to come.
The time lag between the time at which a new drug is patented in a
developed country and the time at which the drug finds sufficient
market in a developing country so as to warrant indigenous production,
is at least as long as the protection period. Therefore, in effect
the patent laws are not a major hurdle to Drug industry at least
today. There are many cases in which the patent period has expired
long since but still the know-how is not avallable at a reasonable
price. A few companles who have the technology use various factics
like charging very high price for intermediates and outright refusal
to sell the technology so that the developed country finds it
cheaper to import the finished products. wWhat the developing




countrie: have to fight is this kind of collusion between interna-

tional manufacturers. It is only by intervention of Govts. of developed
countries that such problems can be solved.

Mhe foregolng refers only to the patent protection granted
to processes and produccs in developed countries. as regards the
patents granted in developing countries, if the protection does not
exlst, no entrepreneur or subsidiary of a foreign compuny will
introduce a process. S0 there must be some protection to the processes
developed.

Since the aim, after ali, is to see to that vetter drugs
are avallable to the society at reasonable prices, the Governments
should use controls which would ensure adequate supply and reasonatle
prices. Price controls are already existent in some of these countries.
If the Government feels that the demand for a drug 1s more than the
quantity a company which holds the patent is willin: to <ell (or 1is
capable of producing) the Government may force the company to transfer
the know-how to another which ig willing to produce it, seeing to
that the company which nolds the patent 1is able to seli the amount
it intends to sell.

743 Wmmm_mﬁrdLMM
fachnology gaps.

As already said, 4D is a costly and time consuming activity.
Developing countries which have 1less than adequate resources can not
afford to waste money or time. S0, the governments of these
countries have a responsibility not only to see to that individual
research units do not duplicate efforts or engage in non-priority
drugs, but also to pool their resources together and develop drugs
and know-how which they need. Left to themselves, the RKxD units
may engage in drugs of low-volumes-high-value luxury drugs which

have no priority in these countries,




It 1s essentlal therefore that the governments in these

countries draw up a national priority list and allocate work on

each drug to a few lwD units, In this manner, duplication can be
avolded and the resources could be used better. Secondly, these
governments can fom a consortion of "Concorde" t;pe so that the
burden of research 1s snouldered by more tnan one country and the

benefits also spread to more thau one country.




6.0 SECTION - VI s JNDUSTAL.d AND INGTITUTION AL DoV @OPHENT
Drugs and bPharmaceutical Industry 1s essentially a consumer
product industry. Like all consumer product indpstries, it is it-self
a consumer of a lot of industrial raw materials and services. Thus,
it is dependent very on chemical (including starch) industry for
raw materials, on engineering industries for machinery and equipment
(for manufacture, storage and transport), and on packaging industry.
It requires expert main power to design, fabrlicate, Operate and
maintain the machinery and for R&D in process development and improve=-
ment. So the following are some the essential infrastructure needed

for setting up a viable pharmaceutical industry s

a) A well established fine chemical industry

b) Packaging industry

c) Engineering industry

d) Bhgineering institutions-botn educational and
consultancy

e) R& D institutes.

A brief description of the status of engineering industry
13 presented as Annexure-l1. The design skill India has acquired
has been is described below s

8.1 Detailed inginearing s

Detailed engineering of a project involves the conversion
of the basic engineering data or process package obtained from the
process licengor into designs and drawings needed for the procurement
and construction work. Various disciplines involved in this work
basically relate to civil and structural, mechanical, heat exchangers
and vessels, piping and layout, electrical and instrumentation.

In a professional organisation spaecialising in the
implementation pf projects (Bngineering Contractors) these diverse

activities are carried out by speciallst functional groupse.
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In general the activities of the various functional

groups are as follows

Livil & Structural ¢ This group is responsible for fina-
lising the site development, architectural features and
detalled desi:sn of bulldings, detalled design of equipment
foundations and preparation of jocuments for civil and
structural contractse

oF: ¢ The mechanical department provides specialist
service ror the selection of bought-out equipment such as
pumps, compressors, conveyord etc. and furnishes design
specifications for custom made ejulpment such as vessels,
agltators, heat exchangers, etc. They alco check the drawings
and perforaance data furnished by the equipment suppliers
and fagbrication contractors.
Blplnz ¢ Thepplng group is responsible lor preparing the
equipment layout drawings, pipinyg layout drawings, specifi-
cations for plpes, valves and accessories, quantity
estimates for the installation materials, specifications
for thermal insulation, painting etc. Scale models of plants
which are now-a-days extensively used for finglising the
plant layout, piping routing, valve locations etc. are also
prepared under the control of the piping group.
Blactrical ¢ The electrical group is responsible for the
preparation of specifications for bought-out items such as
transformers, switch gears, cables, lighting fittings etc.
single line dia~grams, power distribution layouts, light-
ing layouts, and schedules and quality estimates for the
installation materials.
Aostrumentation : The instruments group prepares specifica-
tions for all the instruments, instrument layout drawings,
layout drawings for instrument panels and guantity take-offs

for the installation materials.
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8.2 Consultancy, Process Engineering, Desigr and

—""" Project Management

About two decades oOf technological planning have
brought us now to an intermediate stage in technologiral
develoupment which can be considered as a take-off stage
for achievement of self-reliance in the Chemical and
Pharmaceutical machinery industry. The country shoudd
now be prepared to be self-sufficient in all aspects of
new project m nagement. New project management involves

a number of activities like 3

a) Market Survey

b) Selection of Location.

c) Selection of right process and know-how.
d) Planring for finance.

e) Detailed process Engineering and Design for
equiprent and plant.

£) Procurement of right materials and planning for
equipment fabrication.

g) Man-power planning recruitment and training.

h) Installation of eguipment.

1) Test Run and start-up of Blant.

j) Regular Youtine production,

While all these activities are paris of successful
Project Management, the main pr.blems that are faced in a
developing country .like ours centre around the selection
of the right process know-how and process engineering and
design 0f equipment. These are the efucinl activities

which ultimately make At .
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the project a success or otherwise. Even where a good
process knuow-how is available, the next important factor
for the succesc of any project 1is proper process engineering
and design. The problems faced in the country in regard

to process engineering and design are fimidable. Hardly
and proce-s data are available for design purnoses. Thig
situation heeds immediate attention. Creation of "data
banks" should be taken up immediately for all processes
that are av.ilasle at present and for the new processes
that will be developed in future. This apilies to both for
processes develoned in the country as well as those purchased
from overseas.

Development of accurate data on process heads extensive
Research and Development activitity and Pilot Plant studies,
Here again, facilities in the country are very meagre. FPurther
Research and Development and Pilot Plant studies are not
vell planned and directed towards definite objectives,

Even where design data are available, non-availability
of right kind of material for fabrication of equipment and
lack of development of sophisticated manufacturing techniques
for specialized equipment pose serious problems.

Firms taking up projects for manufacture of chemicals
prefer to choose a short cut in in buying the entire know-how,

process, design and engineering details and even equipment

when they contract for transfer of foreign technologies to
this country. These firms, justificably .or not, want to
avoid even the slightest of risk factors involved in

supporting and developing indigenocus design capabilities.
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Not only there is a market absence of desire to encourage
local talent for engineering and decign activities but local
design engineers are not even ascociated in the technology
buying process. This shows that managements inv.lvec are not
innovation minded. They also do not have the desire to wrk
with the Indian design and enginecring firms. However, the
recent trend i1n Government policies towards s.lf-reliance is
culte encouraginc and it is hoped that Indian engineers would be
associated in all phases of new project activities starting
from market survey, engineering, design, constructicn and onerate
ion. Only with a bold policy of tzsking certain calculated
risks, it 1s pussible to develop local talent for u.adertaking
new projects in all their aspects.

it can be added that even if a country has to buy a new
technolocy, it should have capable engineers with a experience
in a variety of design and developinc activities to bargain
and get the bcst technoloyy and know-how from foreign

countries,




8.3 Iralning
It has been emphasised that phammaceutical industry is

technically more complex. Apart from the operation of machinery, there
are complex tasks like testing of in process material, which can be
performed only by personnel qualified to do this.

As a long term measure, developing countries will have to
set up educational institutions in the fields of chemical engineering,
Chemistry, rharmacy etc. When talents for even teaching are hard to
find in a country, those for running an industry, will have to be
imported for some time. Where the talents are not there at ull,
experts from other countries can be taken on a short termm contract and
during their stay, local personnel can be got trained. Also, qualified
nationals can be sent to factories of reputed fims in countries
where this industry is developed, for a short term on the job training.

Developing countries who do not have either the pharmaceu-
tical industry or educational institutions catering to this industry,
should start both on a limited scale without wasting any further time.
Only when such a start is made countries lagging behind can hope to
become self reliant in a foresceable future,

It is worth pointing out at this point that some countries
which are developing in the sence that their percapita incomes are
low are falrly well developed in this regurd. for example India has a

good institutional set up for education in most fields of science and
technology. Also, Indian Pharmaceutical Industry is also developed to

such a level in which it hag competance and confidence of handling

complex machinery and processes. In the field of D not only have
Indlan firms been able to improve upon imported technology but also

to develop economicgl processed for many known drugs. For a late




comer with less than adequate resources this achievement is commen-
dable. It hardly needs to be poimted out that countries of the
developing world can use the experience India has gained, to their
benefit, Co=-operation in the fleld of technical training betwean
developing countries woula be cheaper and the knowledge gained uy a
trainee would be more relevant in his country than that gained in

a developed country.

Apart from this kind of co-operation between two countries,
some countries of the devcloping world can enter into regional
co-operation and set up a pharmaceutical plant management centre in
a relatively more developed country of the third world in that region.
A proposal to set up a Phammaceutical Industry Development Centre in
India with unaid is being discussed. Such centres, needless to say,
would go a long way in helping the under developed countries especially
those lagging behind in Pharmaceutical Industry in becoming self relianes

in man power within the foreseable future.
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3ection VI (a)
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Type of Equinm. ot

—e

Present status

1.8) Vessels, ' rcssure
vessels, o orare  teanks,

silos, bins ctc,

b) Specialised equipment
glasslined, rubter lined
plastic coated and

"breglass based

equipnent

c) Agitators of various
types with reduction
gears and various other

mixing equipment

2. Transfer equipament such
as pumps mske of SS, rubber
lined, PVC, M8, CI or Bronge
blowers, conveyors elevators
and other material handling
equipment,

At present there is adequate
manufacturing facility as well
as desiyn capability in the
country for fabrication of this
type of equipment in MS, Monel,
Copper, Aluminium and 8.S. One
of the shops even offers tabri-
cations in tantalum, zirconium,
tungeten etc,

There is adequate capacity for
rubber lined equipment and the
quality 1s also satisfactory,
Glasslinea steel equipments are
gvailable indigenously from
some manufacturers, However,
only one unit has been developing
in an organized way. BEven this
unit needs a lot of experience
before it can make and deliver
satisfactorily equipment speci-
ally for high temperature
pressure operations.

A number of companies fabricate
all types of these equipments
tc customers' design end speci-
fications, 8ome manufacturers
offer designing facility also.

Most of the types of pumps are
manufactured within the country,.
88 Castings snd forgins acti-
vities have also started and
this has facilitated development
of indigenous manuf acture of
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High vacuum Molecular
Distillation wquipment,
Vacuum Lguiprent 1jike .sater
ring vacuuw pumps, stcaa
e ject

pump.

'8 and high vacuua

Separation equipment in-
cluding rilfer presses,
centrifuges, screens and
dust collectors,
clarifiers, liquid/liquid

extractors,

cyclones

Heat Exchangers, Distillation

columns, Evaporators and
Crystallizers,

Thermal equipment including
rotary vacuum dryers, fludi=
zed bed dryers spray dryers,
drum dryers, etc,

SS Pumps. Diaphrasm pumps with rubber,
Neoprene or Teflon Jiaphra ms sre made
extensively by a numb r of comranies.
4ll types and sizes of eonveyors,
blowers, elcvasors, travelline cranes
and cther meterinl b ndling equipment
are made indi cenously,

Laboratory size nolccular distillation
2aulpment 1o svails=ble,

Joter ring pumps, @ jictors and other
high vacuum systems 4arc indiggerously
available,

Plate and frame filler presses in

wood, CI & 35 etc are mece indigenously.
Also made are 53 pressure filters of
sparkler type. All types of batch
vertical centrifuges snd fully auto-
metic sugar centrifuges are made in

the country. So slso dust
c.cloneand clarifiers and most of
pollution control equipment,

collectors

A1l t pes including shel: and tube, fin-
tube and nlate heat exchangers are

made in the country. Design for

some are nroprietory and rostricted

for use. Zvaporators and crystalli-
sers can be obitained of standsrd

sizes or built to customers' desigas.

Most of the equipment has been fabricated

indigenously.




10.

1.

oize r-duction equipuont
including; crushers, ball

mills, tube mills, hardi.g
willsz, pebble mills, hama.r

mills reducticnzers etc,

Elrctrical cquismnent

ircludin; 1otois, -encra-

vors, dicsel -encrators, ¢

el>ctricul trancfermers,
switch ear, various ty ~s
of ctarters, coblen, ev-
rlositu proof nntors and
acc 'sourics,

Pince, valves and flvtin:

of varicus tyn.s and of
different ._toerizls of
consuvruction,

Ventilation equipnecnt
including; fauns, biowers
and air nandling equipment
2tCa

Services equipament like
steam boilers, refriger-

at:ion compressors and
0il free air compr. ssors
codling towers etc.

itc @ nuab.r of companies huve
deve loped design capabilities and
fabrication of 8ll types of size
reduction equipment., Of recent
develcopment is the fabricstionof
rofuctionizers,

all types of el-ctricsl equipment
including diesel ;enerators uvpto
a size of 150 KVA are being made

within ta- country and the tabri-
cration capacities

4 large numbor of comsanies are
canufacturing pipe fittings and
valves nade of CI, Ruboer lined,
Poly-toylene lined valves 33
valves of different |, types and
3lesslined valves neccssary for
tue drugs and pharmaceutical
industry are uvailable,

A large nuuber of companies are
manufacturing these to customers
8izes and in some sizes there
are standerd desirns also,

There are 3 to 4 companies making
well designed package boilers

of different sizes, Manufacture
of refrigeration compressors

upto about 500 tonnes had just ™
been started, Production of dl
free air compr - :cors from 3000

to 5000 cft. ;1 minute has been
started by onc or :two companies,
There are onc or two compinies

are also adequate,



1%. Water deionisation,
softeninz and effluent
treatuent plants,

14, Hydrozen Jells-Zlectro-
lytic cells to prc luce
hydrOJeqktc.
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There are one or two companies who are
able to undertake designing and building
ccoling towers to customers! ne: ds,

There are number of companies manufacturing
water softening and deionisation plants,
Resins required for deionisation and delka-
lisation are being manufactured within the
country. At least two or three units have
designing and installing capability for
cffluent treatment plants,

There is one comrany mukin~ electrolytic
cells to produce hydroren and they slso
of fer turn-key services,
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waClaU Via

Policy Imperatives-need for clear cut National
Health Policy-specifying b undary limits to the

industry,

National Health »olicy

For any programme toO succeed, a defenite objective is
a must. Only then the nersonnel in charge of implementaticn
will Lhave a clear idea of what their job is. Also, such
a ctatcar-nt would cnable the evaluation of the proyress and
correc iond and rempedidcl me.cure: to be talien vhenever
necuet. o0 a definite Netional Health policy is called for,
if the Govt. seriously vant:. it. citizens tc¢ et the bauic
nealth needs

“he national health policy should snell out the kind
of facilities the citivens are to be provided freely, the
extent of coverage intended, the priority health care is

be given in national planning and drugs which are ~oncidered

ecsential and therefore must be available at rear nable vrices,

the minimum health standards the Govt. would try to -~rovide
to every citizen, the percentace of national income to be
spent on health etc. GSuch a statement would help the Govt,
and others to estimate the demand for drugs and thus help
in plenning. It would also give the Industry a sense of

stability and clear direction. The officials would be @ le

to .function with a clesr direction,
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8.3 National science and Te€chnology Policy
The w&T »olicy of the Govt, sets the direetiin of
recearch in more than one way. Firctly, it set: the outmut
erpecte. cut ¢f the re:.earch efiort:. secon'ly, itr rets
the ~riority among variocu: recearch nr:jects. “hirdly, it
sveci. "es what :iind of technoleoy (e.q. labcur-irtensive,
autcmatic etec.) the Govt. ic looking ture. & clear uncer-
sterding ¢f the view of the Govt, reguriin these in
the minds of administers of .&D labor<tories is a muct 1if

the resource: spent on ~&D are to yield any ureful recults.

In the lndian context, the Govts, emphasis on «&D
in Drugs Industry is on develoning indicen.us technologies
for druqgs which are of an epidemic nature in India 1i -e
chlorccuin and primacuin for malaria. As for as other
fields are concerned, the Govt. wants its laboratories to
develop technologiec which would use the resources

avalilable in the country 1li e man power, cattle, miner: 1s,

coel etc,
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9.3 _admipistration of National Health Programne

Security of citizens from deseuses is cne of the primary
“asks of any Govt. The task of Covts. of developing o untries
is more difficult bec.cuse the p.or incomes of the we: ple compe 1
them to like in unhygienic conditions and have unhealthy focd
habit. thereby cre.ting conditicns facourzyle to attark and
spread of discasel. Unfortunatcly, the disease prone pe~ple can
not afford to pay for their hea th care. Govt. hospitals are
the only source of remedy to nust pecple.

Many factors complicate the task of these Govts., Unhgienic
conditicons of living and unhealthy food habits have already
been referred to. The innocence arising out of illiteracy is
anot.er major fuctor. The population of the developing
countries is huge relative to their resources and is spread
over vast arecs.

The Indian Govt. hes a full fladged Ministry of Health
and Family Welfare whose activities include not only cure or
prevention of diseases but also to administer nutrition programme,
family pianning, mecical research and regqulation of dealing
in dru.s.

Health .s a concurrent subject in the sense that both
state and Union Govt., together administer health program e,
Bach didtrict headquarters has a Govt. Hospital with specialised
facilities. Apart from these there are various Govt, hospitals
supplementing these hospitals. BEmployees of State and Cenral
Govts. are covered by employees state insurance scheme and
Central Government Health Schems, in which a nominal amount

is collected frum all employees and any amount of medical

servioe needed is provided by Govt. hospitals to the . families
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of tnese empluyees. For the general public, ost neclth servines
arc L[ree Or are providec at a n.».aral c st

l.ost Govern .ent hosnitels are luccoted in urvan .nd seiti-
urban area: because only in tie.e arcas, the infroitr.i~ture
recuired for mainteining g. od h svitals 1s av. ilshle. 3Jut in
any developing country, due to tue acricultureal Srientd: n,
more thin 706 of the peunle live in rurel arcii. 'hus ony
a small part of the population nir caszy ac~er:s t+- 'he - ~dern
health facilities the Govt., o fers.

It is to remedy *his situaticn tha. ‘he Guvi. 1 s ember-ed
on a Rural Health uciheme.

This s~hele invilves training a few v 'unter. 1in
identifying diseases from e:xternal : ymrtones and dispen: ing
simple i dicines. The idea is tint at le st -nuse dircase
wnli~h chow easily rccougnisable symptome and for wnich wel)
established medici es exist should be cured as a first step.
The volunteer Who is trained is not pursortcd to be a doctor

at all. The volunteer gets Bs. 600 worth of nedicine: free

every year.,

.
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The development of pharmaceutical industry in any country
has, of necessity, to pass through several distinct phases. The
phasing would of course depend upon a number of factors, such as
the status of the supporting fine and heavy chemical industries,
production of equipment and ancillaries and avallatle expertlise,
public health measures and .n addition the resource position

The pattern o1 phasing of development of pharmaceutical
industries in developing countries could be i
Ehase I
1) Initiation of national health scheme, including family

planning programme.
i1) Identification of essential drugs
1i1) Import of formulated drugs, including vaccines and sera
iv) Evolution of distribution system
v) Drug control organization for enforcement of quality

control for the drugs imported

Rhase 1l
1) Import of bulk drugs
11) Production of heavy inorganic chemicals

111) Production of packaging materials

iv) Production of simple family planning devices, such as
conduoms, IUD's etc.

v) Production of formulated drugs, including creams and jellies
for family planning programme from imported bulk drugs

vi) Production of vaccines and seras

vii) Expansion of activities of the drug control organization

to ocover licensing of production units.
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Rhasa 111
1) Production galenicals, phyto-chemicals and simple

animals' products, such as l1iver extracts.
11) Import of penultimate intermediates and production bulk

drugs therefrom

111) Production of simple pharmaceutical processing machinery

iv) Heavy Inorganics.,

Rhasa IV

1) Production of synthetic bulk drugs, including oral contra-

ceptives from basic stage
11) Production of heavy organic intermediates
111) Production of sophisticated pharmaceutical machinery
iv) Production of antibiotics and cr«.-
v) Production of sophisticated formulations, such as

sustained release preparations

Production of phytochemicals involves relatively simple
technology and can be easily taken up in the first phase of
development of the pharmaceutical industry. Even if some of the
plants used as raw material are not indigenous to a particular
country, they can be introduced if the agro-climate is suitable.
The equipment required for the production is also not sophisticated.
It is true that over the years the number of plant drugs used has
declined greatly, due to replacement by more potent synthetics and
antibiotics. Yet, there are a sufficient number of them still in
use in modern medicine to sustain a reasonable =::'i industry.

These are 1

1) Ephedrine
i1) Caffeine
111) Morphine
iv) Codeine

v) Rutin




vi) Strychnine and brucine
vii) Sennosides

viii) Digoxin

ix) Berberine

X) Ergot alkaloids

xi) Hmetine

xii) Quinine and quinidine
xiil) Papaverine
xiv) Xanthotoxin
xv) Vinocamine
xvi) Glycyrrhiza products

Moreover, some phytochemicals are used as starting materials
for the p roduction of various drugs. Such plants could be cultivated
for the isolation of starting materials for further processing within
the country and perhaps also for export. These include Diosocorea Spp.
Solanum spp., Costus. In fact the production of simpler steroids
such as testo-storone and progesterone, and some intermediates for
more complex steroid drugs, can be easily taken up by those countries
which can grow Dioscorea spp. or Solanum spp. Some plants are also the
source of some pharmaceutical auxillaries, such as mucilages and gums.

Both from the economic as also from the public health point
of view, effective use of sera and vaccines 1s in the long run & much
better i nsurance against disease. Therefore, considerable emphasis
should be laid on the production and mass use of immunologicals. Even
in the research institutes greater emphasis should be laild on the
development of immuno-diagnostic and prophylactic agents.

In addition to these drugs accepted in modarn medicine, a
number of plants are used in every country in their traditional
systems of medicine. In fact, use of traditional house-hold
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remedies is strongly entrenched in many developing countries. If one
were to estimate the amount of money spent on modern medicines and
traditional medicines in different countries, themoney spent on the
latter would far exceed the expenditure on the fommer. It is,
therefore, necessary for those countries which have well developed
indigenous systems of medicine to consider these problems and to try
to integrate proven traditional remedies into modern therapeutics.,
After all the basic purpose is to provide medical relief at a price
which the people and the country can afford. What perhaps could be
done 1s to standardise the methods of production and formulation of
traditional remedies and prescribe speéifications of quality and thus
promote their wider use.

Shoice of Techuology

Phamaceutical technology is one of the most highly developed
and sophisticated of technologles among chemicakbased industries.
There 13 no denying the fact that developed countries have greatly
contributed in this field both in terms of development of new drugs
as also development of technology for their fommulation and dosage
forms. Therefore, ideological considerations should not be allowed
to stand in the way of availing of such technology and expertise from
fims in developed countries. Wwhat is Necessary is to take due care
in delineating and selecting the areas where technological collabora-
tion with firmms in developed countries is inescapable and then to
regulate and direct the operation of such firms. This should of
course, be restricted mainly to bulk drugs. 4and out of various forms
of technology acquisition outrig ht purchase leads to 1least subservience
to foreilgn technology as has been shown by the experience of countries
like Japan.

For promoting technological development, the decision raker |
in a developing country i1s sometimes faced with a difficult choice.
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On the one hand, there is need to develop quick production of an
item, on the other it 1s equally important to develop self-sufficiency
and self-reliance. Development of all technnlogy by a country on
its own would not be advisible because of the time and cost fgactors
involved. It would be necessary to import technology into the
country for certain products, but at the same time create an R&D
organization which would be able to recelve the technology, assimilate,
modify and build upon 4it. Terms and conditions for the import of
technology should be ruch as not to lead to economic subservience.
outright purchase of technology with the usual performance guarantees :
would be best in most circumstances. ‘
In this matter cooperation and technological sharing between ‘
developing countries can be of great advantage. Firstly, the |
experience of a developing country is likely to be more applicable
to the situation in another developing country, rather than the
experience of a developed country with its much different socio-
economic background. Secondly, the type of technology which 1is
suitable to a developing country may be quite different from the
requirements of a developed country.
Although the alm of any developing country should be to
achieve self-sufficiency in production, there cannot be any absolute
self-sufficiency, particularly in a field like pharmaceutical
production. The discovery and introduction of new and better drugs,
with consequent obsolescence of exlsting drugs, 1is a common phenomenon
which has to be reckoned with. Therefore, a certain amount of dependen-
ce op imports for new drugs and new technology 1s unavoidable. All
that a country can strive for is to develop self-rellance in technology
and to produce the majority of essentlal drugs required in large bulk,
but to allow import of these drugs whose indigenous production may be

uneconomical due to low demand and other factors.
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The growth and development of the pharmaceutical industry,
particularly of basic production , is intimately linked with that of
the chemicai industry, bulk drug manufacture in fact is an extension
of the fine chemical industry. It is, therefore, necessary to integrate
and interface the devslopmert plans of the pharmaceutical industry
with that of the chemical indw try. There cannot be any set pattern
of such interfacing the pattern will depend upon the availability of
primary raw materials and the status of related industries. In
countries with rich coal resources, the industry would naturally have
to be mainly coal-based, while in countries with large oil and gas
reserves, the industry would naturally depend on petro-chemicals.
Similarly, countries which have a large base of mineral and vegetable
resources would draw more on these raw materials for their chemicals
production,

It is well-known that multi-national drug firmms and their
asgociates often exercise monopolistic control over the production
of some key intermediates. They can hamper the devel opment of a new
bulk drug industry which is dependent on imports of such intermediates
by charging artificially high prices or even by not selling such
intermediates. The example of chloroquine is illustrative. Although
technology for its prcduction is available in India, non-availability
of the intermediates at a reasonable price in the world market has made
its indigenous production uneconomic. This furhter emphasizes the

importance of developing a strong base of the heavy and fine o rganic

chemical industry to feed the pharmaceutical industry.
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