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Historical backeround

Since the oarlloc! Lodinninss of ran Civlllzaﬁon, natwre

has benn an inexhoeiihio BoAIres of medically ~ Llaab e
substances that PO asell dditions G the woaporn:s

for the fight against pain ard disease, A« witnessad 1y

a great mviarry Flslorieand finids, ubserviat apng PEALONNG  man
has discovered ages aso that some plante ) corit anineg organe
can be usefuliy applied In the art of healing . Phoce whiy, in
antiqulty, practscd redicine usad quite o number of plants,,

and animal organs,

In the reign of the great pharaoh Djoscr of (e [et Dynasty
(2773 B.C.}Y, Imhotep, the phiysician later raised to divine
rank, used a variety of patural substances for medical pur-
poses. In the time of the IVih Dynasty (2723 & 25613 B.C.),
the court physician Iry gained great tame, Several medical
schools flouristied in Egypt; the clergy cudidvaled gardenss full
of medicinal herbsy edicine as well as the science of

embulmment were raised to rare pecfoction,

The Ebers papyri (1555 D.C.) list 200 prescriptions i which
radish, onion, garlic, saffron, pepper, cardanomn, ginger, niseed,
carawan -, fenncl, ponenranate, linseed, serma--lesf | lotus, castor
oll plant, thyme, ! tyand L Lpy figwe as heding ingredlents.
Leeches, mandrake, hyosciamus, Lrewer's veast were known;
the excroements of pelicans, gazelles, crocodiles, and children

were used in medicamerts,,

Among others, also Flavius Clemens of Alexandria (A, D.200)

makes mention of the high level of modical sci-nces in Egypt;




and points to the six of the forty-two sacred and secret
books of Egyptian priests as dealing with medical knowledge

and the science of healing.

Around 2100 - 2200 B, C., an unknown sumerian doctor
in Babylon has recorded i cuneiform script upon clay tablets
more than a dozen prescriptions in which thyme, and asa

foetida, among others, are the aclive substances.

Later As=yrian tablets mention reed, onlons, garlic, mandrake,
lotus, saffron, thyme, caraway, deadly nightzhade, Indin henp,
Inseed, human faeces, excrements of gozeles, wine of she-

asses, testicles of dogs asx medicinal substarces of vegetable,

or animal, origin,

In Indis, Vedic medical science has prescribed medical herbs
slnce time immemorial, The Susruta-Samhita, collected between
800 B.C. and A.D. 400, contain 760 prescriptions mostly

with ingredients of vegetable orizin, Tsharaka-Samhita, dated

at around A.D. 100, descrines 500 plants with healing properties,

rauwclfin among them which it deslgnates "the moon'.

Shen-nung Pen Tsao is held to be the earliest written remains

of a very highly developed Chines modical science. Ancient
medical krnowledge of the Chincse is contained In the 52 tomes

of the Pen Tsao Kang Mu, published A, D. 1597; there 1897
medicaments are described. Among dhers, Ephedra sinica, ginseng ,
chaulmoogra oil are mentiorned, the last as a medicine for leprosy.

As far as history goes back, Chincse physicians prescribed pig's

blood or pig's liver as a treatment of anaemias,




In Mexico, the medicinal men of the Aztoc and Maya

peoples widely used sarsaparilla as a diurelic, payotl

cactus tlal conteins mescaline, powdered tobaceco, cocoa
beans, the fungus Naracadl, and the red beans of the Colorines

plant as an aphrodisiac.

Peruvian Inca medical cclence appled penmivian balsam i, e,
the oil of Myroxylor: peruferum; {or malaria |t prescribed the
bark of the Quina-quina plant which is not the Cinchona troe:
as a laxative the frait of Uill-Cantoar planta used to be given,
for diarrhoea Ratantici bark was taken, and ‘he leaves of

the coca plant were also used.

The pharmakopeles, or Perb- collector, used to be an honoured
person In ancient Greece; Aristoteles (born 384 B. C.) was
about to become one. Hyppokmtes who llved in the IVth ce ntury
B. C, has left us a valuable scicntific treatise on vegetable
drugse. Theophrastus, borm in 371 B.r., y the founder of botany,
was also a Greek. In the Ilnd century B, C., toxicology has
been carrted to scientific pertection by the Greek.

Dioscorides (Ist century B, C.), of Greek extraction, was one

of the famous doctors of the Roman Empire, Fiiny the Elder

(A.D. 23) has reported the preparation of a munber of medicaments ,
among them that of plasters, and ointmonts, and mentions aconite

as a notable poison, In thesce times the use of strophantus as an
arrow poison was well known., Galerus, who lived in the IInd
century, acquired great fame, and has become the eporym of a
particular branch of dispensing and medicaments, viz, of the

galenical preparations,

In the VIIIth century, the Greek Hellodoros, and the Arab Djafar
became famous. Basilius Valentinus (XVth - XVith century) used




to study experimentaliy tne effects of the n.adicines he
prepared by admiristering them (o his patients and thus
can be redarded, nu doubt with some exaggeration, as the
founder of the science of clinical pharmae olody . Paracelsus
(born A.. D, 1493) has provided wome part of the chemical

foundations of moedical seience.,

Research, jusily daimed to be scientific, in the dormain of

natural substances began to flourish in the XIXth century,

A number of active substances of vegetlable, and of animal,

origin were then isolated; the fermntation industrles that have
progressed enormoucsldy since were then diven their scientific
foundations by Pasteur. A long list can be marle of the al-
kalolds then discovercd: morphine, by Seetiurner, in 1806;
xanthine, by Marcet, in 1817; sirychnine, by Pelletier and
Caventou, in 1818; brucine, by Orstedt, in 1819; solanine,

by Defosses, In i820; caffeine, by Runge, in 1820; nicotine,

by Posselt and eimann, in 1328; atropine, by Mein, in 1831,
codeine, by Robiquet, in 1832; theobromine, by Voskresensky,

in 1842; cocaine, by Nieman, in 1860; pylocarpine, by Hardy,

in 1875, hyoscine, by lLadenburg, in '880; ephedrine, bry Nagal
in 1887, scopolamine, by E, Schmidt in 1888; wescaline, by
Heffter, In 1896; lobeline, by Wieland, in 1921, Stoil's results

in the domain of thé foxglove glucosides and of the isulation

of ergot alkaloids proved lo be fundameutally important, The
method of producing great quaniitics of ergot by artificlal infestation
is due to the Hungarian Bdkdssy, Kabay, also a Hungarian,
worked out a method, in 1927, fo the extraction of opium alkaloids
from the dry poppy head. From ihe point of view of the manufacture

of stercids, the scienlific results concerning diosgenine, hecogenine,

and solasodine, are of great moment.

ot oot irs oo




Nor was the progress in the field of drugzs of animed origin

'ess gpectacular, In the second half of the XIxth century

the bile «acide were isolaled (C‘xmelin, Thenard, Bore. Lliuss

. . . s . . A\ . .
Liebig, Mvlius, Dicls, Wislic enus ) adrenaline wae disc overed

by Takambu: in Lo, hoeparine by Howell g, N Loan, in 1918,
and nosading b Froadbizne, A Bost, in 1921, Iy the discorsory
of the sexaal bl ny s ol b artico: tera ds e e thitrt e
and forties | aome very valuable cubslancos hvve bern addord

lo our stock i wedicaments, The discovery, by Rickes el al,
and by Smith, it. 1918, of vitamin~§312 has been oo of greal

momen’,

This brief historical sury oy cannot he bit very

P,

sketc!ry and
arbitrary indsed, since the scope and puarpose of this paper
would not allow o fudl treatment of ihe brilliant reasalts of modical

and chemicol resoarch.

Raw material basis tor biolojgically active raturad subsitunces,

———————- .

its particer significince for devedoping colviliies,

Nature, rotably it= world of plants and aninals, is an
inexh.ustible treasire-houao of o variety of medically otilizable
substances. Whon utilized to e pirose s thic fund of primeay
substances offers spectady  advantagoous possibilities in great
parts of developinag countrices, firet of all in hose which are
siluated m trapical o cubetropaeal sones, Thewe segions, where
at present 77 per o0 L the Yeaan race irces and where by
1980 more than 80 poy cont of it will Live, protfer important ad-
vantages over cowntries i (the temporate cones, for the procure-
ment of medically useful ratural prirary substances . A, Sitneicant
number of the known medicinal herb grows in these regions, ox-

clusively, and thore are many whichi are to be found, or can be

made to grow, also here. The following are the medically import-




ant plant:. peculisr o theco regjons.,

Asia Minor. Gall, apium, <alep, tracacanth,

Arabian Poninsela, Coffoo ) mvvrh, olibarmm, seona.

Western Aszie, Aso footidy | cochorer, Opiute,  rethrum,

East hudia, Adoc, arcoa nud, ivain hemp, coscia, cardooron,
caticm, cinchona, o a

- . 4
, crobor s coton,

ipecactanhiey, Raona iy, e nenper, e awvolfia,

FCIANE, SO secdare e ibher,

Coylon. Cocoa, ¢ vd nam, china, o wecwimon, coc s, colten, toa,
South-East indi:. Cour bonzoin, cotecha, peppor, -trvolinos,
Malaya, Guin b czone cocon, b clins, coiton, Cribeb,
myrictica, popper, oniibon,

North o odric o Conbeayy wo e vt g cotiander, enplat v eo o,
Opiwm, Sondarac e ito b, e

Enst Africa. ANoe, clove, coea, cotfog nnvrrh, olibanum,
strophaintues ) vontlla, ooy | cine e,

Westorn s\ica, Cotfce, coli, coltan, physostioma strophantus,
Centrai Avvcrica, Peravion balecan, jalap, «abadillh, jomolca
smidax, oot dioscoroe,

West Indics, Aloo, cocaa s coca, coftee, quosaa, zingiber,

Southh Amcrica, Copaiva, tola, ipecoacuanie icssiag, china, coca,
condurary: oy, quudlajo, ratantue, coca, hers ot

The developibn: countrics do nol ooCk e matorids of  ary
origin eithor, These Ta Corme aviiaine chuclly inthe courae of
the proces: . of tarm Anvenais s bt 5 chiendd bhe possible to
organize the praluction of meoedicamernte spoecally from s onake
venomm or ftrom agricultuaral rac madoriage nd ricudtural residues,
Orgarnis= mosthy of manpnalz. of higivr order will bhe proco=sed,

but in marthime countries aleo orvaree of fish o vield valuoble
basic substonces, Thw, tor insicnce, from e hoop ol a ruamber
of specie: .- (Hippmglossusn, Traynuas vidgars

y Darda chijbiensa,

]
i
j
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Germo alalunga, Xiphios oladiue Slteveolep g fobine o T

b
thynnus) vitunin. A concontrne ¢, bomaradacharod
Ther various orsans ol i aanonad . (it T T I B S
thaose most suitalde for N L S ST Av2 I IO T Foormv e enthicaal

industey, TYar oroar. y CF Aa O Ot e 1 (g sl

and process=ed e ho folbe: vy ey T S Gyl

and irlestine o) poare L L I Y L SN IPRTH TR Frest sty caoid

gland, pitaitary oo, bestiche, b,

FEE R il 0

Ci(:‘r\(‘:r(’lllj.’, oot of e de fw:.;in.-- I O L e bevara o d

tropic. zonco b Dlontes of ndic i RN ST LR

L T O L

some of he more wm Griard oo roo e hod e i,

BN
sk of prime Laportance onid b o o re Hiec o pine va e o

of medicinal herbi = to b tonnd ONMI v I D GO e o e 1
& mapping #nrcie Locizal ddentitioation il o e I T A A

quantitice are indispensable, For o oan Cyataclion of Heoo Gt of e
taterials of anitanl orioing nabonal doata o Crremtity gt o e
livestock, anet 1 yoorho ot alier of o sore s i TN P ITE BAIS RS |

oupht to be Lwawvia, i“ro e PO OF o o Do e, ol o
experlly collocted inoup-to - dote Slanetators hotsss withs o0 o old- iorase

plant can be takon bito coreadoraliorn,

Only a qualitative srvey of cercallurod residues eodod Do prhe e -
ceutical mmudachare i corally necoss oy Ance, e L rale e

subsitinces arc ovailable in quontiis Lo rocder e recar o,

After the ascessing of raw naderial sUnphessr peelinonry cua y e
of the market siuation arnd of CCONOGIE Scioncy st e conresd et
with respect to smallo =t profitable volmne of mormf o tare | proe e tinve
home consuniptior, nd ioreinn soaden, Tlis enoble v wdd o hurle e

costs, sometimes rathior el costs, of the collection v et e

storage of the starting roboricls,

Collection, and nandineg, of raw naterials of nalurel cricin are ertrome.




labour-intenisive operations which c¢an be tackled to ereat
advantad~ by developing countries wiliv a4 high proportion of

redundant manpover, ’

Required organmzatory measures for tho collechon, handling,

and storage of storting materials,

Collection, handiing, (od storace of row materiols of versetable

] NES 1 g
i or o ore hond, aned of cuiiaal ovicar o the sthor, rogoare
different micttioo . or lechinioues ) thereiore these ol b desat with

separately

Must of the ploabs used 1 e hiomie, ron wikd,  Their cotie ction
is o addiionad source of mcome for trne etriculturol population,
Thoe orgernezation o collecting roquiras caretul cind persey ing work,
Singe the woafal parts of the plants st be cleas, and of coeod

quably clce thew cannot he procs =od | lhiose Chvarsied withy help

by \

collection the corraect wodregu 2 nsl be toeiil, and of " i Ly
demonstrabior, s nat enonch that B plonite showddd e carrectly

wdentitied , Ihat then useful parts be collectod o worline e Manner,

also he Lost wovs of Handine: tne malorial co colleclod. ol how to
dry and now o torc it nowt e fedy e s sdoord, Quulbity doepends

al=so on e place oF ottt and B time hauvesting, Spocial care

must be kel i e ose of e colivetice o, drmving, cnd stopace

o

of toxic plants, Goncradly, vot ore of S vy poats of plant =hould

bhe collew texd at Hne tinee Hur ooy b proeparcd Lo drying org the

SAme o, becouse durimg Storasi s b He roay state hoat wili
genvrate ir the plent heap and this will cause greal damage in

it.

Af a rule, rootls will be sathored (ither al the beginming or at the

end oi the growth season of the plant., Iarks are collectod usually




al the beginning of thj= BEQSO . Lecvies pre hest picke d Levore
the effloreccernce of the PIart, and buda i e Lo r virdoidineg,,

Fruit, or =ccd. are COMoc b W i e
* ' N .

A nohvork: LR AT R A P R T G [ YR oo e fese

the colloctiu gy o2 nvchic S I \ .

or statior SU IV s st e b Lo SR R RS AN FY P IO PN ol I+ g
the aathorer— cogsdoy 0 0 i botedot,

{ ssur-\}ly i poonle who collectogt (o g Wi pleost v e
this they do bv vatira!l mean., SOme i gt ot cany Uloved
0o dry in direci suriiehl, Lot oo g o g B bt b ey o]

in a shaded, coverod . vdecuaeitoly e Lo

For the drving of plant celiver. | I treal cpeonbifie L cGHoCtion
stations could be provided vty tis e o SO o atas ol h
Wil macthy corsisl of diver< operalec by Licatine Dute of the
inspecior is o check the identity anc ctorior of . Fooant i tering
delivered, to Lrocures adeguate facililioms 1o <o e g T 1,
Pharmaciste. nurang ctoff, teachor s are CEnecwaly Ddtedd to et an
inspeclour= or station SHPOrVISOrs o Te Ol Hor o Yo e v NON-

toxic plant material could e OruoniZzc T ver s velallv Lo et Gol crgldren

under suporcision b e beoie vt s,

The demand for plant material uoually orocesead b aeot Guoaadineoe 4
cannot be met by collccting pluat thel rov wild., Consequontly thoese
are then cutivated in plnlations . Tie et nnport et Comcee s He
are the variouc specice of CHCHONN oca buel e I IO SRR
castor ou plant, penirivroval, COAPRSICH s T, TCT, G e,

PODPLY . mustard, datur: slranoniurm, iy oscie s, danvceneler e rihiengen,

elc. Cultivation in plantation:s mist he divectod ia o s pert Lnce ot

invalves the growng:, handling, drying, and sloracao of plont maoterisd
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War o s e ol e tarad horbes, both At the collection station
and at e masafactar or'e, ar condiiioned store rooms of great
capacity =hould Lo ccailablo, e to thear tow wognt per volume
ratio, fov the francport of collectosd vinrds o rolher —uib=tenhiad

rolbn.:  Jdocic oo by ioed

The collecticn oF arnine ] orane o oo andertcicon by shaaninter -
houses oniv. The teroalaont of e orane collect 1 must he carried
oul accordingy to cortun specific measwees o ordoer tooarevent as

far as po=sisle the oo e desradadion of the acibre ot ztances,
Adter thie counal s Villed, e organ thal provide: the 1 av onderials
of a phirmacendical preparnhior, e cut ot cviely s oroor telt fashioned

tools, and separatod {(rone toreisn Hesuaeo, By aled oo

then

- organs, ©.f. pAauaKreas, ypophrrsia, conbtaning o vory  ovaesaly

2]

decomo)s et active =ubstonce, are pul o Jleep-treczo i

. N P ) . U <
minus 40 to 50 7°C, and twn ctored ! -t b, =TT

- organ: les: sencitive, o0 0 iver) lunss,) are pat indo rotngaerators

at -10 to ~‘3(;")C’

- less frequently orpans are put into orcanic covents {(in otoansl,
or acelone) wheraby they vill be dobiyrrate U el e e oids

removed {rom thcing

- and in some cases orgons are comminuted and dried (in spray -

dryin- apparatus ),

Organs kept 'nder refrieration cannot be otored but for o restricted

time, whoeroeoas orcons detvderatod wath a seheent, or Oroians spray -
dried, arve oo aore atallder Inoan cace s desirad e to Proc e s

the oroans o an mteracdiate =tse L, el to repare an intormoedicode

product which can bo ctored withoul incurrines e risk of decomposition.,
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One case apart is the colloction of snake venom carried ond L

snake farais; and anothor i Hae Brep aation of nsi e onl

carried out b subjecting: trecte or trozon [ ver too b ensure

or to Aan cxtractive procec.,,

Besiclea 4 ow ol Gpnointod seteeny Gf g LI LI S VT R S A SN

ator plant, a bodamontd codithon at the e

ordans consitobs e e sl o R S S P T

Iransport, and ot cold dorvoe fa il o b e weorl o o gy
pre=ervotion prior o proce - =g, .
} . : . N3 i ¢ : ¥ :
; Quality spe-cifications for e rochiomal forebis et g o g

4
fo bee processed muct b prccioe el heig Ao oy w0 oner

ot it should be posgibic lo o« b the s D e o ior gt o

material must be agposted S0 (ol Afler o reaan b ot ol Nt

and other work, tho aar o scluro of pitarm o entic ol prcyaarabons,

i snould be possiole at compette o conditions .,

Nothing, is said here ¢f the collection of atiior Laricndtam Droche b
or that of agricultural residues, sinco, in roneral. o nee i

measures or tectniques are noecded or o USTURYIETD USSR

General processes for galenic .l prepar dions  forceniabion,

extraction, and isolation of active increciont -,

Raw materials of naturag oriziny antendied for earmere ad ProOCesTing
should meet ther fundomental rocpaomernt thal e Cond e, dion of
their active ingredient showuld o ae biyen s peeneiblo o Suee o il
proces«ing 1s chirod! Consequencoe alsa of e oot ole e bl o

exacuuon of the colleciins and storace oporation., e b ooof the effeetve

organization of these,
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Comminution or milling i3 a verv important preparatory
operation. The active substance of a natural raw moterial is

to be found within cells, thorolore an efficient oxtraction of

the active —ubhstance Loecormos posable only cdtes the raw material
has boen commrmted, or oilled, 1t i importand that oo tdicle
Bizes should (Gl oeyween cotmite Loate becanese both oo

coarse and too tine anidlirey bandor ctorefar dors oxtraction,

—

Vegaoetlable stiatimg mntevind ool conerallc be radied e the dry
state. In excephona) caces | viz, whoen seasonal demond require s
the prompt processing of Srost baliks ot trest: plont, o eporatorny

work may becin wath coruanution,

Raw material of anvadd ovissin wo concradly delbcered a a frosen
state at the processing tactory where too preparatory work starts
with the milling or the comminution of frozern: or defrozted orsains.,
Organs dehiydrated in an organic solvent are Lirat midled and than

processead,

Quite oiten, preliminary to process=ing the raw netorial. aoast be

homogenized in order to assure the urutorm quality.

Extraction of thie active prinaiple from the comrmnuted or milled
raw naterial 1o usually the lr-t step of processing,. A departure
from this practice is the case of fresh plant from which, after
comminutionyr its juice is removed by precssure and only the fibrous

residue is subjected to extraction laler on,

The preparalion of vepetable extracis has traditions marny thousand
years old. The most ancient method s the preparation of decoctions,

this, however, does nol torm par! of industrial practice. Maceratiors

i.e. soaking ol plant material in water, more seidom in spirits, at
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room tempoerature is another ancien! mothod vory rorely resortead to bny micuectry

But percolation iw =il i oberatien widely procinod g the proparation St L hrnea;

medicaments, T emeence, Percolaon oo ca s Gueront catr S wder, o

wirth aqueous adeool, Wit S B N N TR (O N S 1 Y T ETRTE ST RN <
3 - - ]

batiery witlks ety te LR T L O R T RV PR N

VO Tiony L Y IR R O
extractions i ocGoa g g . TR [ ST IR vodo g, ol ey
horzont:lly or vertoally cogcrot o Gpectled s o e it hon of N

+

crevit gqueuttities, difbacion oo VRl mhaap e, U Db G oy bl =Pl (kanoi.

type) extractors e Boa, Dokl o o ey, P cree s A G ale

continmiois conrder - crarert cxtrochoys b paact R A LN R T N D ore.,

THhe extracts are Litered, pornops Glac clartied, e Bguied oxdrac e Hae 0w ey

may bLe roiuacketod g colonae LI DRI STRVATY o

) S STRURT X S S Hhovy pas ot hesd

¥

and the syrapy, or sl mor e cooncentrabed ey pe dhin old.,

If the isolation of acti e Veoetabde cubehons o fpom o ontinoo [FESLINY: GO, v s

methods are available, o, -, CVaLLLatON | e Ipitatror, aduorpt oy chromatosraphy
jon-exchange, liquid-liquid extriction, crystllivonon, hophitization or u =efil

combinations of these.

Isolation of active substances trom aniinal ovtarss also Legins with exfraction

of the commnuted, or midled, sabetrabo, Extroction ot woeter, or an organjoe

sotvent, or a mixthwe of thece o e eyt froguent, For e proce-coas cboesidra s,
¥ ? ‘ } l

combinations of the separahon  adhiods mentiono d aree resortd to, besides these

re-precipitation and .alting-out cre Important . cometim o= dian, s o mnd.,
Lipoid:s present in sroeal quontitic s Compared o that ol e aoivee ot sl
encumber the procoise of extraclting ties Lotter 1rom Amd 0cCoo e bt dhye
situation is further aggravated e o e port hob le vodure fF o o Al and

intermediates, and this endoer: Parbicalov coare sl o urdiey in e nin dorzrcal work
indispensable. Trroudh catisfac bory prosvcendive mooare s tie ab onee of Pt tonic

micro-organisms and of pyroceric mattor dn the tinal product et bee s ~oreed .,

Operations, and apparabis for the proce - e of godaral aab chre s v Whiether ol
vegetable or of animal orisin are Praciica by e same, yol i el pracotice

A

it is better to preparc these products wopiately,

Processing of raw materials of agricwdural orpin makes exlencive  use
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of fermentation as a hasic procoss, this - onsistindg either of the

procduction of an active substance or of the oxecudion of A chemical ]
corrversion, throush the 1 cvizaton of the binlegical aolasily o aucro-
ormanisms, The production of sedicamost, i carvied ol nainly oy
sterile, acrdbic forne nbatior, Soecnd cowe e b b akica vt paathosenic
microorgani=m.s of \’v’f’ii(.[;'ﬂn-' mcvthehiony cond proces —nth st beo carrvied
oul in lhe corr-e o the morafactire of vise cine-, Por e processing
of fermentlation brolhes, doncrally ) ot lior, ad-orplion, w1 procip dantion
are used or combincd, Since {ermcontation will he deall witi: by o

special workingt group of UNIDO, more detajled dizcuscion o this proces:s

can bhere be disponsed witi,

The {inal purification of many an active substnce produced from nalurol
souraes ie carried out according fo abocatory nethods scaled up, the
execution of these oneratiors tequires wreat care in view of the value

of the substancoes handled,

Rigorous observance of instructions that refer to technolosy, workehygiene

and work-~safety is absolutely imperative.

Commercial extraction of the active ingredients of naturd substances
involves the circulation of graat amounts of organic wolvent. Therefore
the recuperalion c.g. by distillation, of cotvents is an important
complementary activity within this manufacture, Solvents lhus purified
may be used again, However, solvents=, or solvent mixhires, so heavily
contaminated may result thal thew puntication will be discouraged on
economic grounds; these solvents can be destroyed by burning up at

a place well away from the factory premises,

In many cases the residues of extraction of vegotable or animal raw

material can be utilized in agriculture either as manure (e.g. compost

from extracted poppy head) or as fodder (e.q liver afler extraclion),




Examples of praceseing the most usual

LW _materials

We shall refrain here from a dscussion of the proparation of caleraca)

producis cmice the metbeod s e o g PR e desereedd n

detail i1 phorm HIGPOCIAas, or n natbomag tortclaric s, Howevor, aome

characteristic exainples of thoe propoeation: o Tedioare o et o

from naturd ources it be jretroe tive,

Preparotion of o nan_ Aadkaloide

Dry oy b bor SO0 NS bherr rermovod, o oafraetod witl

watcr ool DEote, i =lope « xtractor, the solithior. . gt e iy

actchily has by bl red, b evaperated N o COoncerig ole O kot

15 specific oravity -, produced, Sleroinoo g G dond L e eeirone b

with alcohol, or o Gler Oroanic cobcents ™Yie e e ey nt o

evaporated arid the cosidite je Aded i beaes o o 1 s nEb of tag

liquid is adjusted to 9L Crue Pocipodartie b o Sopar ddes and e fittered
) !

off to be purified by re-procipiation oand Chaoatication, Secondary

alkaloids are: racovered from the benzeine phiose,

Preparalion of erpol alk-loid.,

Ground ergot 15 de—fatted with a low=-bouing petroleoarn fraction, thien the

ergot powder is digestod with the agucous solution of an Allendine earth

hydroxide., The disested mass e oxtracted i counlor-coroent apparalus

with an orvanic solvent, Brom the oroonc sobhvend extract e ac tive
substances are reextracied inle areaguecns solution of fartarie o,
wherefrom a mixture of the i o Ui precipitated Yy allealification,
Ergotamine, and ergotoxine are sepasated by odoorplion chiromstosrapiy
and then purificd. Watersolable ereometrine - recovorod from the

extracted residues,

Preparation of quinine

The ground Quina bark is admixed wilh sliked lime and moistened with
a solution of sodiurn hydroxide, and allowed to swell, Then this imos

QO . .
is extracted with henzene at 60O o 67 C, ard the henzene aolution s
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. . . . LS . . .
extracted with dilute sulphuric acid at 607 C. The acid solution i
heated to boiling point and s acidity bufferad with o sohdion of
sodium hydroxide, The crude guinire sudphote ihat sepiaates aftor

cooling i+ purificd by clanfication arnd ro-crystatlization,

Preparation_of theobranine

The fincly graoand shelis of cocoa henrns are woaked in water, digested
. . . . . BTN . \

in calcium hydroxide, cond extivacted Gt 50 o 500 Cwan waker, From

the comparatively conconlrated exitact which can he mraducad in the

diffusion battories theobromin » is procipitated by acvdificebion,

Preparation_ot the slucosides of Digilalis danata

The milled herb i= digested with mapnesium oxide, and exiracted with
cthyl acetate, The extroct is evaporated under mild condihons in a
filr-evaporator. The aqueous residue s dissobved in alcohal and this
eolution ins ohalken with ether —overal times, From e agueous solution

the mixture of Janalosides A, B, and C cparates in cry=tals,

In order to produce lanatoside-C, the mixture g dissolved in a mixture

of methanol and chlorotorin and this solation is shaken withe water, The
supernat int aqueous mothanolic phaose s collected and evoporaled to

yield mainly lanatoside-C, uporn evaporation of the heavier tnertbwsriol-
chloroform plivie manly bnatoside-A, and =B are recovered, The crude
products are taken up in methanol and chlorotorm several thnes and
shaken with water, Five repetitions of this process yield pure lenatoside-C
recovered from thoe substanco of the origanal agqueocuws methanolic phase,
The soparaticon process here outhined can be carried oud, more simply

and with o mmimam of lows, accordng to a moditied Craig method, by

fixing the waterv phase,

From lnatoside—A acctyl digitoxine can be prepared with .ain enzyme

isolated from Digitahs. An agnoeow-alcoholic solulion of Janaloside-A




. g SRS B . .
is allowed to stand for 3 days at O to 257 C admixed with the ercame
preparation, The mixture s Aagitaterd Gecasiomally, Failtration foll. W, (he

filtrate: ts <hiaker wilh ctidorotorm,  Tier Chiorofor, . XUove e Wit b woths

@ solution of codium clhidormdey ovapoadod, e ro Loe e Wadeors v gy

Othiarnol 23418 «‘ig{it-"lft.‘d IRTEY S TN fr.- Filv 1w Yol e s Soebietre o 0 leact

trydroxide, After filtration, o 1 usog e bt e iy e

b

evaporalion and tie eocidi o) e ccdabe s e ted oa oea] time s

with clhdoroforme Thio combined extroe b s o Gt erberh Cond e e rdes

aoetyl dinzitoxine L puridied b, Fevcate o rcorve Wi ot

Breparalion of Lelunc bydroo sior de

Molassess e v ood on o ote o | cete cobramg ther holoane will he
adsorbed tosolhes withy iveoec,ongge - o, b von with  hhiateo Ircelroee U o e
acid s followed by evapor dion o dryie - of the colulion s oblainced,

the residuc is extracted witte Lot olhanol and from thie. oxtract hetame

hydrochleride is recoverad by crystallization,

Ereparation of insuiine

Paorncreas in deep—frocso ic connnimatod without defrasiing in A suitable
apparatus ond oxtracted aith accrone or owitb acidified ethanol of 6O to
7O per cent wrrawtitn M oo e cvaporated ca et it acid pH
= mairtamed, Salting- out the 1o proxbuce oo e alives wich s
then dedfatted with an orosora, alvont, cnd L ericaoare solation by
acdification. The pi of o abndion o e tod b, o 3 to 574 (”]"
iso~-electnie point)  and ar ol e procipititesg 1t as Crystodbived trom

solvents in the recence of a0 e sall,

Preparation ot pepsine,

The peeled off mcons menbrane  of pie’ « stomach is illed, then
subjected to autolysis i the presencoe of trydrochloric acids From the
viscous solution thas obtamed pepsine i, separated by salting out, or

by precipitation with alc ohiol, or acelone,
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The ~colonc-ur, powder of the anterior pabalory of pig is exbracted
withy il il v e b T Co Whien crc cdonee s added 1o e exdract,
impuritiees procgabodo Adbor Gdtrabior ol b ether g cddea 1o tha

filtrate cond ACTH paecaatate o uatoer pooificeobon of the crodact

carvied oat by odaor shons and  counter-car rent cstnbution methaodas,

Produchon of dry prersarclion - from crdeu s
The organ, ook, poaooreas, testicles, thivrow oliad, cte, is dehydrated in
Qre orgonic sobeent, e droced) aad eronand o powdory or the raw ordan

i mlled fo o firee pdp oaand dried e o spray-dissoer,

Breparation of hoparie

Finely ground lunsn of cattle are anfoiy2ed, and extracied in the presence
of sodium chloride at ol 0795 and 60Y ., thoero botted, After Niltraticoa., the
protein cordent of the colabion s adjustod to the rogumoed value by the
addition of cadonan aonss Adtler ropeatod filtrabion, protein e removed by

the addition of codium ctldoricle, ond hoparine s procip tetod with alconol,
Proteins 1 the procipiiate are removed with the help of proteolviic onzvimes,
then crude heparin i obtained by precipitelion with alcohol “rude

heparine is sopaorated from colonam jons, fats, and picmests, hon gt s
purihied by repeated procipitation with alcohol, and by chienicad  lreatment,

finally the pyropenic impucithies arc removend,

The examples briefly deoscribed are but illustrations without aiming  either
at complete acssortment o1 at lechinolocical dokiails, As iHustrations, thogse
want to show the variety of operations anad processes on e one hand,
and the similarities on the other, which are involved in the processing

of natiiral substunces,

e

g e et

A i g i bt L i ol i e
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Besides the production of he pure active substances, an cspoecially

profitable business consicts in the preparation of medicaments thod
contain o= active ingrodient varions exirocts, of vepotable or arnimald

orissin o2, the propacihion of  faxative tablot-, cmti-cow 'y SANS A FTRICH

airttrnont:s,

(zenoral lay-aut ¢ f__;}“L{;_p}'f*_fﬁ()hr*_w_(‘i!_lu_f_{g:j};r'il‘)g;{_fl(tlwnmnl Proparafions,

phytochemicals, and biochenicats

A saitable lay-onl for such o manifoactarmng plont e <hown in Dieawving 1,

D wing to the great bulic of raw materials teo e processed, i je advienlide
to chioose the cite of the factory in thie vicinily of the most Hnport it
collechion-contra of e vocatable or amimal ron materjale e tion,
An advartaioous site, if avaiioable, would b one b oon inchaat il aren
~ble to supply e connecuon possibilities of basg onerios, bavceking
such a joanction, another advantagcous chioice would bo g cite on a
river, mainly to sorve oo waler supply aand G receiver ot efthent s,
Whem choosin s and procuring a site, spance tor Lder expoar son miust be
provided [or. Location shondd ke accornmt of e featurcs ot (e
swrounding country=ide and prevailing wied in order 1o minimize noxious
or disagrocable consequenceas of air pollution, ruer ronds and  those
running alonsside, chould recularly be mado dostdroe by sprayirng with

waste oil, for instanc e,

Supply of tundsmental forms of chiergy must be assuwred else laillure of
water-, steam- or electricity supplies will cause considerable financial

Ins=es,

Tranzport may be by road or reil, in the latter casc factory sidings
should be built, When drofting up, allowance of floor space for <torage
should be ample ndeed =ince 1he main raw material- are very bulky
mnd cince tefrigoration of animal organe is mdisponcable, To reduce

carriage, store-houses anrd workshops should be ncar cach other, For




the great masses of solvents in use, or awailing recuper=tior), a

separate tank park not tar from the work=hops will have to be installedk

Plants de-idnod or the production of bacic chonic als will be - boesideos
their division o rooms accordne to the veeds of o proces: - divided
into to storcs, cdvaatas mows o by ron oupborte, Dhaidingses Jor firiisinngs

too arce dividod into twvo o tores o by sbble buildoy b nertis,

Also upon two doress and o separate badding of e own, the
conral and il rescarch toboradorics - hodd be ar comodaterd, s vell as
the manading oftice - for swhack, Laoweser. o coparato enbrance (o
wiside night be provided, Vo ady antacceonsly, moreaser ol office -,
laboratories, plants and ziorehoni-cs may be cornected with coverced

passages bolh for  traflic and hawage,

A properly equipped mechanical workshop fit to cope with repair and

maintenance is indispensable,

It is advisable to provide concrete surfacing for the courtyards betwoeen
storehous=aes, service <hopez, and repaie shop:=, while buiiding intended
for procdduction, control, rescardy aned managerinl work showd be
surrounded by gardoens or wn, Howoever, this conversiorn, onto park-like
arrangement must not be such as- to obstnict freco access to buildings  in

case of fire.

It is expedient to accomodale dressing-1ooms ana baths for the pooples
that work in that building. If o cafeteria and kitchen 15 noces=ary, It is
hest to put these on the third zlorey of the monacerial building, or o

build separately for this sorvice,

The whole site, and all the building:, nside and out, mus=t he kept in

perfect order and state of cleanliness all the time, this <hould Le a

fundamental principle of manufacturing pharmaceutical prejsarations.

3
]
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Proper ventilation of the buildings is very important;

suitable temperature and mojsture cortentt of the air must be morvtorsd

- with a feww excoptions - Iy Alr~condifioring,

Should the plant site Lo a Cortam distane o Wy o we tieer <’ cheolig e

or housires estote, adequnts conve s ince for fuen, stcdd be moadhe oL inbe

and it is well 1o have a certiin numsor of pPer otriel hvo i cedge o)

resicence: near the tactory  =sifn,

1

Besidey consideratione CrpOsod oy ity i L ooide 0, e ihe b e

ceonomic desit, the aostietcal tavression ade by the v oo It

should not He for otlen., AP omcrds wilion ban o

ol bee dine e o

mostly Ly cornsadorabions of toc W JOCAal Lo i e

A shorl raview on s‘l,vw(‘_ﬁll‘__g‘;g_u'n_zl_;_\_ctur_nt_:;_nu:»H.urls 1o

i sk Phaomoenn. o

Rreparations of nalural origin

The finishirig oporations used i1, Hhe Monutacture ot pharo@c cnte 0 provoe oo,

containmg an active mipediont of jdural o IO e prachoally o same -
those uz.ed for otlor phiatmacoutical preponations, Ga eyt rO oW,
forns are applied in herapoutical Lractic e,

Injections (aqueous, or oly: powdoer ainpoote)

sulutions,

sy rups,

tablets, coated tablets,

capsules,

ointments,

plasters,

suppositories,

powders or granules.

Active substarices of natural origin are very otten colowed, and smelurg,

In such cases fLirushing sho.dd be carried out in =eparat.on tronr that of

other substances.




Seveoers! of the active ingredhont= of il oncun are sensitive to hieal
and, i consequenc e, cannot be  stenlized by heatines, Therdore a
olublion o A poavder contuninge sk 0 cabetimco e moesh e marnatac tured
mid o hed andhor S amaephic cotditieo s, e sy waol oshvo =
cptovees pea b v o boad a slisadec bt bathy et bove gt ot
o -r)};‘;: cJonbime s, gt e d Fraave ol oy e o sl Lovening o Se
awl mouth Liofore allor cd b oonder e benibe ravee for worke There a

wovtert ol o called wintxblack o e o s and Praatros mu=t ve

v taled b coe it e s roguoinre e,

Very arn of the nabiral aclive sunodances nave strane phivisiological,
not celdom darcserne Iy toxie coffects conzeguently employees handing

iche due et b paron il it adequate protective ogoiprent,

Mary, natwal chve cuabctances, oopecliy those ol anunal ongin, tend

lo decompose waetr o agqueous medin, Therelore these are marketed
o opowder tortn, seaica rto plass - ampowies their solvent bemg hilled into
soparate ampoadoe=, Aupaontde . may  be fillled Ly weirshing the powder, or
by Lophhheation v the ampoule of thoe colaton that contlan- the pare
active snbvlonce s, bopinhiz ot alleews ore acs urate dosage and

Crisll Cs SUch Y corsmsionee of the zubstance in which b = very  easily

soluble,

Considering, that in tropical remons cyruns will often start {ernmenting, in
order to makoe fthen adaptd for hnger storade, their sobid rmigredients
are tilled nto wide noecked bollies, and this mixture of =olids 1 converted

nlo a syruy. by addimney, water 1o o betore ase,

Feor ropical ceenone jilmecoated thibiloets are more sntalde thean those

coated with o the toorer herwey more caolhvantaseons also by amsarting
M ° N -~

aomore unlcrm ond pleas g oxlernor ) the tablels, Wit Ol coatings

resorpl.on e the stoinoct, oo regorption i the inleslines, or  retarded

roesorplion may be eas Iy ettected,
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In the choice of the carrier substances used in ointnents or suppositoriew,

the high ambient tenperatures of the tropical climate showld e trken into

Aaccournt,

In the course of tinishing - except in the case of hyections where s b

given - perfect closure of the containcr or bottje st Lo cnaarod as
pradection against he deletorious effoots of e om ard dpremd g, In
the packages of substances oarticnlaels sonaitne to o no tre, by eroscop e

material, e g, silica gel, is included in sl LOraree o,

~

O the labels, or directions of viso o imedicams s fe delivered to poatients
it is advisable (o ilucirate e methioe of abnplicaton by prebires should

illiteracy be still prevalent in that reoion,

In plant= where various preparatione arc tirished, work mu=t be rozorasly
programmed and supervised lest confusion produce A mix—up of the dme,
No compramise shodd be alloved concerning strict disciplings, cloandine:s .,

and order,

In all the work-phases of finishung, care must be taken that opordors do
not touch the substances by hand, With up-to-date machin»ry and

appliances this is comaparatively easy 1o provent,

Snce most of ine natural active subotances are Fryuroscopic, temperature

an t hunidicy of the air in plants shioudd be controlicd and monitored all

the time.

Analytical and biological control methods, and laboratories

A principal characteristic of phormmceatical moufoacbas e quility control of
raw materials, intermedinacics, and hirostes] e oarations according to

rigoraus prescriptions. Qualdity =pocineations are resalated by pharmac opoeras
and by similar official or semi-ofticial pre-criphions, and by criteria set

dowii in the technological directisns of the rroarufacturing Hrins,
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Conirol tests are carricd oul accordns to physical, phy sico-chemical,
pharmacclogical, and clinient meihods, Quuality specifications prescribe
thoy phiyeico-chemical coaotinte of the subatan e e method - for the
Acv tamnton of et coomend ideniuy sl oty P tolerabde Tt s

O dparstie s, Thies o dev deal ach i, e Juods of Diear anpicasant

secorkluay effect -, arl Ure Saadara aphear e e andd o gpadity ot

~aclkac ngy matersbs et oot e Tanhet oo et
R .y i

T mosi ovamied me e Lo e cmnioy o e iy coneot. Conventional
picthode vor fundaioabal boets are ceneealty ta he fourd i the

pPhocrtaac cnocias, 3 iy mograrerente hiowesier, Lecome aon o stirmgernt
and ncee cophicbc oo yoae by oo, Blecrdes tormer plasene At er
Clunicad, or b act al tecls o heoo e clascical, Arvibybicad practice

is. canpliticd by inotrosental preycico-chemcai iosts, turlbar by biolosical
assey nothode, pectrosonpy, goaec iromatodraptn,, paper- anel thin=layer
chremat ooy, jun=eacthunie, izotope lechniques, etc., recontly the
tools f eciontitic recearch only, have by now becume routine work in

quality contdrol labortlories,

Preparations for erepteral cdmmictrationn must be checked in respect to
sterility, pyroo:2 o eftect oy soimotines, toxicly., For several

substances inade 1ro enin gl orcans a requirciicnt stated a0 fev years ago
io their wuncrobiolog’cal rnalysis in order to check the abhsernce of

pathogenic organiciu .

Mosl often the detormination of . active Lubstance content of mataerial to
be procesced in commercid plant s not carried out the ¢ with scientific
accuracy, buat Hy a preparative reproduction in the labortory of the
proces:s roalizod oyt taiory, e vields achicved 1 production are
gene dty determmetcd U rousi a comparison with such mboratory results,
Especialy important (rom toe poiot o oew of these actermmations 1s the

sirict adherence to pus wriphions concernmnd sampling in order to ensure

A representative and aathrontic saonple,




Also intermediates produced in the course of Nanuafactare will Lo

rigorousty controlled, likewise any auxiliary aubstances and those
that are recirculated aater recuperation, will ne cubjoected to cpudily

tests,

This control necds cood orsiamisation, oxoediency, and Acouracy,
=lse rate and eticionoy of marndachire ) suffer, prodaction and

selling ahke will <low down,

Results of tests must be rocorded in docuumentary form, also reforonce
samples must bo stored for o lons time oo sy stom et keeps, thom

easily acr esogble,

For pronouncemonts on gquaiity the fieadd of the quahity  coniral
departmoent must be held responsible pocton, thorefore only

expert with the best qualifications available, with Adoeguate experience

and judg=ment, ounht 10 be appoinlcd o this noset,

For the equipment of contro) laboratoric = applinnces, apparctiss, and
5 F * t ’

instruments of proven worth sre av cdabile, it is advisable to bove

separate departments ~ach for chemical analyoin, phy arteo—c by vl

tests, and biolodical~ pharmacolssical testi, To the latter o breoeding

house of the test animals 1o usually  attached,

It i important indecd th have up-lo-date inctrumentation in contrnl
; laboratories in order to ¢hiane quick and accurate work, Besides
the usual classical tems, thoe ctanderd <tock of instrients i o
quality control laboratcry will have to mnclude a specltrophcrometor,
a spectrograph, a polarograph, a gas chromatorraph, an amino-acid

analyser, elc.

Recently il seems to have become A customary arrangement that

rare and special analyses which require special instrumerts and skill,
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are performed on order, cither occasiotdly or on a permanent basis,
by some scicntific institute, Howewer, primary respon:sibility for the
accuracy and correctness of <uch vesulty sl rez's wirta the flem

whicih =elis the neoda tinvolved,

There arc conmb-ies where the qguality of phocmaceutical preprarations
is checked by a nationo inolibde, nd oot onldy ab e Uine of s
registration but, on random samplo s, cat Ty e wie dve tomee e
preparation is on =ale, Shothl uneotisiactory somnple s bhe toand,

an order is issued for the withdrawa! frou circulation of the product,

Other p=pers to be given in the course of thie sympcesiuam will deal

with the question of official supervisior.

Organization &thomei‘ of the onbzropcise

(O —

Manufacture, and sale, at a high standarcd ol oxcellence of pharmaceutical

products require protessisiial campe.enae and up~to-date orianization,

Drawing 2 is a scheme of the osganiaation ol a pharmaceutical
manufacturing enterprise. Its goenesa! princip's (ollow:s trom the
requirement that the general mariager as the chief executive, should
be enabled throdch v dep tics entrusted cach with one 3eoup of
activities to grasp and to co-ordinalte their vark 5 that the most

effi cient utilization of all the resources bhe oasupred,

Activities connected with resenrch, quality conlrol, production, energy
supplies, maintenance and investment, showld be co-ordinated by a

chemist or a pharmacist as the technical mandager.

The business manager will direct gales, home and foreign, will provide
and supervise scientific medical information accordirey to the strictest
rules of professional ethics. On him at devolves to direct and

supervise the procuremcat of raw- and auxilary matenal and the

activities in cornexion with storage and transpo-t,
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The financial manager will direct and supervise financial transactions,
accoaniancy, labour questions, wages accouanting, and the caretaker' s

-

offic o,

In & comparison with, a usiigl induestriag undertada: o, e woell

provided
scientific library of the pharmacoutcd firnc anst e derovetnon! (or
scientific medical inforneticn .o Mo Gf bahy edined prolessional

emplovee:., will be notod COMEhici s Loy,
An advantazoeous plan of work will PrOVOe OnG siuft ror arlnnrusiralive,
and research stoff, (wo <huft e (s e pianta conrrol L iharatorio:s,
storeho1zes, and maintonar o shops (the st o T 1 STF RN SIS
peersons on duty durinst the thard ShiY vl oo cpift - for boasic

manuacturing planie and energy  sunpliers,

The organization schome shovn s mten-led to serve as an illustration;
local and personal circumstanc es should o flexib:ly taken account of

within this scheme,

No compromisc, however, is allowad concerimn:g the management of the
production, coatroi, and rescarch units, thoso positions requre univer ity
graduates of gnod qualification. Phoriaae outic.al Atodnction it characterized
by the high, not less than 10O to |5 per cent, coneniration of v er sty
graduates in its total slaff, Sirolarly indi: poovnbile 1 a proportionally
numerous {orce of techmcians, laboralory ac-iotants, foremen, and skilled
workers, Lack of proner tranmet and practicoe 1o oot to cause in e
pharmaceutical industry damagoes, botl, mor.Jd ane hevacaal, much above the

average and may lead, ultimately, to the complete disablement of the

undertaking,
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Training of the required staff

It would be a rare occurrence indeed if a newly established pharmaceutical

undertaking in a developing country could hire all of a properly trained staff
on the local labour market. As a rule, the realization of the establishment

of the firm, or the level of partection of this realization, depend on advance

training activities well thouaht out and accurately performed.

Similarly, as a quite rare occurrance it happens that young people are sent

to foreign universitics and are placed, after graduation, with foreign

manufac turing houses to gain the necessary nrofessional experience.

However, in most of the cases a pharmaceutical undertaking, in a developing
country, either about to be establisihied or about to expand, seeks the
acquisition of the necessarv know-how through co-operation with a foreign
pharmaceutical manufacturer. In this case the training of the personnel
needed may take place in the plants of the foreign partner, In order to
ensure the startin eup of the new plant without a hitch, and 1ts steady
operation once put on stream, not less “han 10 to 20 per cent of the
higher technical, and not less than 5 to 'O per cent of the labour force
to be employed by the new company should be so trainec. Duration,

and time, of this traimng should be arranged so that the recipients of

it should return when the manuactuing plant is about to be assembled
and installed, in order that they ma, take part in this work and thus
gain thorough knowledge ot the plant they s=hal have io operate. The

assembly and installations firushed, the participation of the experts of

L A

the foreign partner in starting-uon cperations is advisable, These experts,
together with the local personnel tramncd abroad, will put the plant on
stream and help the tramng of the local labour force. The period of
this start-up and training may be awthing between 3 to 12 months,
depending -~ among other factors - on the abiliies of the labour force
locally hired. Ttns process may be significantly shovtened and facilitated

if, after their returning home, the foreign trainees offer theoretical and




practical courses of some weeks' duration according to a well thought

out program to their fellow workers to be.

Considering the vajue ol special troining and skill, no matter whether

acquired abroad or at tiomo, atirac' e torms ol employment should be
offered to puorsonnel really possessiy these, in ocder to indice their
loyalty to the firra, Even when rather  altractive lerns are dranted,

20 to 28 per cent o the tracoecs arc apt 1o leave in search of better
employment and thiz must be reckoned with whern the nunber of those

to be trained is o tablished,

If new manulactiring plant ie realized with foreign cooperation, the
possibility occasionally to resort to the counsel and help of the experts
of the [creign partner, or to Mave local people trained at and by the

foreign partner, =hould be secured by contract,

In order to ensure smooth oporation of the new plant it is indispensable,
first, that techrological operational instructions cshould be writter: in the
langnage most used on the premises, or be made clear by drawings or
pictures, and that these he affixed at proper ponmts in the plant; second,
that employees ontrusted with the comoarabvely more delicate operations

or activities should be given systematic theorntical and practical instruction.
This needs tinie and costs money, yot is an awvestment recovered many

times over in the prevention of darade and loss due to ignorance.

The most suitable steps to _establish and to dovelop a pharmaceutical indrustry

Establishing and develoning a pharmaceutical industry with a minimum of risk
is best accopmlished stepwise. Study of the pharmaceutical irdustry of any
developed country wil show that the laying the foundation of this always
began with dizpensing and packaging, .o, with the (inishing operations, The

underlying reason of this is twofold, naanely
- finishing is a rather profitable businmess which requires but small investments,

~ {inishing is mainly repetitive work which is much more easily learnt than

operations of basic production.




30

¥ gradual unfolding of demand allows the stepwise realization then it is
advisable to begin with finishing operations. Even withir, this frame a

certain staggering misiht be necessarc., In the firal instalment, the manufacture
of powders, syrups, ointments, plactors, suppositories, tablets, coated tablets,
and capsules cou'd be infrodir ) ther, Ty gradual proaross, the production
of solutions and of injecticns could be thckled, to leave for the last stage

the ascptic produ.tion of parenteral medicainents,

Following this, the prepearation of basic substances of natural origin, and the

manufacture of the more simpe fermentation products may be introduced, The
final sthge of development - should demand and intention prevsil - comprises
the establishment of manuncture by syntheses and the more sophisticated

fermentation techniques,

For the establishment ol a greater pharmaceutical factory unit this graduation .
can be realized through the suitable timing of the different steps. An

undertaking with ample capital resowrces at its disposal can venture upon

the cimultaneous realization of these several stages, but the augmented risk

hereby involved showld not be left oul of consideration.

No doubt, the most difficult task is the pionoer creation of a nicleus of
pharmaceutical production. However, thiss once achieved, difficullies met

on the rcad of further development and exnansion can be negotiated with
less effort. The partial recomp.nse for neavy costs and great risks irrvolved
with the introcuction of a pharncceutical mdusty, various benefices, e.g. the
gift of the site, temporary exemption from tlaxation, o favourable system of

duties ! referential dealing in state purchases, should be asked from and be

4

ganted by state administration, considering that similar help scems to bhe

S SR 50

willingly granted in several developing countries wiuch have the interests

o O e

of public health and industrial progress in mind,
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The following wre the two fundamental pre-requisites of pharmaceutical
manufacture which wtilizes natural raw materials:

- a thoroug survey of the supply of nedicinal herbs which can be
collected in thoe couniry, and an oraanization for the collection operations;
- an extensive network of claucoterhouses and refrigeration plants, and an

organization for the coliectiryy and ctorage oparation.,

Provided these facilities are reliably available, prior to decision

- a market survey, and

- a feasibility report
must be procured., Tor the latter, help may be asked from an UNIDO expert,

or from a foreign partner willinz to co-operate.

Decision, arrived at after due Aanalysis of the necessary data, will be
followed by its carrying into effect. The most important steps in this are
the following:

Preparation of projects

Callingg for tenders, and evaluation of them

Drawing-up of contracts for cdeliveries and services on the basis of
the most favourabie tender received,

Erection »f buildings

Training of personnel abroad

Installation worlk

Commencement of home training of operators

Technical inspection and taking over of the plant

Starting-u onorations

Occasional consultatior: with experts

Regular vocational training of employees

Realization of further developments based on proper results or on

those acquired by purchase.

This enumeration is very sketchy indeed, and only the expending of quite
a considerable amount of further efforts not named in this list, will see the

project througih.
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The necessary efforts in research and developrent

Pharmaceutical industry is one of those that consume any amount of
research, the progress, even the continuance of thus industry depends

on ite research activities,

In the beginning, ard for a short time after, a smaller company may stay
alive, even progress a litle, by the purchase of the results and
technological experience of others, but at a certain stage of its

development it cannot but establish a research organization of its own.

The necessary R.1), activities can be provided for by an organization
within the firm, by a scientilic establishment or institute, on a contractual
basis, but most expediently by the combination of these two arrangements.
It may be mentioned at this juncture that the internal research organization
will not be able to work effectively unless it works with a suitable
concentration of efforts, and to ensure this it will always be necessary

to rely also on the well considered acquisition of results from other

sources, with special regard to the developing international division of labour.

In the first step, and prior to everything else, the introduction and progress
of research in the field of pharmaceutical technology should be fostered.
This is indispensable not only because no new compositions or forms of
medicaments can be elaborated without i, but also because without it

the eventual diffictalties in manufacture connot be obvialad, the uniformity
and stability of the product cannot be ensured, and nrogress in the domain

of finishing operations will stop,

A further step consists in the organization of research in the field of
phytochemistry, and biochemistry. In the bedinning the relevant departments
will endeavour to oplimize the processes actually practised, later on the
elaborating of new or the adapting of [oreign processes will become thewr
main task. If grown strong enocusgh, these departments will do research for
the more efficacious utilization of specific raw materials found in the

country througi 2 search for new active substances in them, and an
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elaboration of production methods suitable for the best recovery, etc,, of

such substances. At this, the highest stage of development, an efficient

pharmacological research departmert wili wwve to be created.

At the beginning, suitable staff of research departmerits minht be 3 to

O per cent of the total juu -er of Cooiovees, at a nigher atasoe of
development about £ to 1O ver cent will sufficeo, Within s research ataff
the suitable proportion of universily graduates to laboratory, aswislants is

l: 2, or rather 1 : 3 if possible,

At the beginning, allocation of funds for research may amount to 2 or 3 per

cent of the turnover, later 4 to 5 por cont may be justified,

When R.D. activities have attained a certain level of proficiency, the erection
of pilot plant will be necessary. When pilot plants are not vel available,
experiments on larger than laboratory scale will huve to be carried out in

manufacturing apparatus, with a vroper prosramming of activities,

Full expansion of R.D. activities will necessitate, acoording to results
habitually obtained, the use of the services »f a patent adency, or the

recruiting of a patent agent into the staff,

Lively, and worlid-wide, competition is a prominent festure of pharmaceutical
industry, consequently the prices of pharmeceuticel chemicals in bulk drop
generally 3 to 5 per cent avery year. Thus, in order to maintain a
competitive position an incessant strugsle is imposed wherein intensive

R.D.work is called to lower production costs,

$ome economic_aspects

The economic success of a manufacture of a medical preparation from a
natural raw material largely depends upon the prrciase prices of the plant
matter, or the animal organs, used. Since the col'ection of these fundamental
raw materials is a labour intensive process, it can he carried out at

relatively lower expense in the developing countries whore employment

rate is low,
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As mentioned earlier, there is a great difference, from the point of view
of possible profits, between the basic substance and the finished
preparation made of it. To illustrate this, the folowing examples may not

ber out of place,

Eraoolamine tartrate

Selling srice of the substance 2.75 US$ /gr.

Praoduction costs of the substance

materials 2. 20O
wages 0,06
overhead 0,15 2.41 US$ [er.

Selling price of Ergolamine Tartrate 0.5 mg
Injection, | ml., in
packages of 100 L 26 US$

Production costs

materials o, 20
wages o.lo
overhead 0. 50 0.80 US$

Selling price of a combination,
12 coated tablets o.30 US$
each composed of
2.2 mg Ergotamine tartrate
0.3 mg Phenacetine
0.15 mg Amidizophene

Production cosls

mAaterials 0.02
wages 0,005
overhead 0,025 0.5 US$

Theobrominun purum

Selling price of the substance 3.1o US$ /kg.
Productinn costs of the substance

materials 0. 50




wages 0.95

overhead .45 2.0 US$ [kg.
Selling, price of A combination

3o coated tablets o.20 US$

each coriposed of

o P 04
0. N8
0,02
0, 25
G, O
O 20
l.oo

0. 15

o Direnioeetye !

sr THe-obromre

3r Phonobartintal

mes ok, By chin, sice,

ar Papaverine

mw Exti, Boedadonna sice,
ms Aloin

mao rhdr_l'fy’r)-xhuxy

pherry Laatine

Production costs of the combination

materials 0,05
wages 0.0l
overhead 0.04 o.lo US$
Lanatoside-C
Selling price of the substance 3.56 USS$ /gr.
Production costs of the substance
materials l.60
wages 0. 20
overhecad b 20 3.00 USS$ [gr.

Selling price of Lanatoside< tablets

40 x 0.25 ing 0. 40 US$
Production costs of the tablets
materials, .03
wages o.ol
overhead 0,99 o.13 US$
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Betaine hydrochloride

Selling price of the substance Lto B$
Production costs of the substance

materials 2,70

wages 0,03

overhead _0:65_ L38 WB$

Pepsin | : 3000

Selling price of the substance 4,30 B$
Production costs of the substance

materials 2,00

wages 0. 40

overhead 1.5 3.90 US$

Selling price of a combination
lo tablets, each of

o.1 gr pepsine

0.4 gr betaine hydrochloride 0.20 US$
Production costs of the combination

materials 0.0l5

wages o255

overhead _o.0l5 0,935 1JS$

As these few examples show there is a difference ot about one order of
magnitude between profits that accrue from the sale of tie aubstance and

from the sale of the preparation nade from it.

Bulk sale of active substarces from vegetable or animal origins yields a not

profit of about 5 to 6 per cent ; amortization of investment takes from € to

12 years.
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When the company can effect, in about 50 per cent, the sale of its
products in the form of finished preparations besides sales in bulk,
its profit will rise to not less than I5 (o <5 per cent, and its irnvestments

will be amertized within 3 to 5 vears,

Only companies which manufactur- fini. hed preparations in a significant
propo.tion of their output, and seli these throush their own sales

organization, can expcect to operate profitably,

Conclusions. and proposals

It can be statced that doveloping countries are in a favourable position as
far as availability of vegetable, and animal, raw materials, and as ftar as
possibilities of tiwe establichment of a pharmaceutical industry on this basis
are considered. Tre introduction of this industrial activity, and its gradual
expansion will, no doubt, favourably affect the foreing trade balance of the
counlry, and seems to warrant that alsco the investing conipany will gain the

profits due to it.

In a technical and technological respect, and in respect of the special
training of the siaff, laying the foundation of pharmaceutical production wil
necd co-operation with a country that has well developed such an industry,
or with a pharmaceutical company in possession of extensive experience.
Further progress in the period after proper experience has been gained
may rely mainly on th-ir own efforts, nevertheless io stand aloof from the
ever increasing internationsd give-and-tike of scientific and tec hrical

information would be very bad policy indeed,

The pioneering introduction of pharmaceutical industry, and its further
progress, can be signiticanlly supporied by preferential treatment granted
to it by state authirites.

The preparation with utmost cir ~umspection of market survey and feasibility

report is very important and not less important is the speedy realization of
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decisions arrived at on their basis, It is very useful when the principle of
gradual realization can be folowed =ince this gives a beller foundation of
future progress and 1s, at the sarc tires, lees risky, Besdes the organized

ard well serviced prodiuction sid2, a succesaul  wies orgarwzation and an

honestly convincing  scientific information serice are indispoensable.

Very important also is e special trainitey of pes sonnel at various levels

before, and thieir sy stematic instruction atter operatons have  started,

Should the realization o a pharmaceutical nanuiactiuve which, will use vegetable
or amimal raw material be s ided, dhen e inost important asenda will be
= suneying the home rescurces of raw material with respoct to quantity,
quality, and availability:

= Preparation of 4 market survey with special rezard 1o demarnd in nearébe
countries, or in those within the same economic group;

- elucidation ! the extent and rature of preferences to be expected from
slate author ies;

- preparation of A feasibility report;

- deciding, in principle, upon e establishrent of the manufacture;

= selecting the partner with whom to co-operate and contracting with him;

- selecting thoe factory site and ohbtaining it;

- designiny,

- asking for tenders and contracting with the most advantageous tenderer;
- constructing the buildings.;

= trainingy of osrsonnel abroad;

- assemhbly work;

- prelimary training of local labour;

- mspection of the plant in view of take-over;

- putting tho plant on stream with the co-operation of partner’s experts:

- regular technical instruction of personnel in charge of the more imperiant jobs;

- expansion of the activities on the hasis of supgestions coming {rom the

research staff or on the basis of know-how acquired slsew! ere,
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A smaller plant may be constructed in

one step, Medium, or bigger plarts
require gradual realization in -rder to raise

economic returns and to minimize
A corresponding scheme may

Stage L Erection of buildings and assembly of far dibes.

risks to be incurred, be the following,

ot cnergy supoly,

maintenance, finshing operations, storauwse. ayud Fihoratory contrnl

of qualitico:.,
Stage 2. Building of workshops for the sroduction of codernical

. pintochemicals,
and bioch micals; establishing tho research ind or-daries,

Stage 3. Expansion of existing tacilities,

Should this scheme be realized, the produclion units of Stage 1 can alreadw

start operation with substances purchased while items of Staze 2 are still

being constructed or assemt:lod,

In no respect can this survey claim como'etleness: its aim has boen (o draw

a general picture with which to awaken interes=t, As suggested in s shacly

when the intention to roaljze has become definilive, further broad and

detailed technical and 2conomical enalyses becore indispensable,

The particular domain he-e tr rated of the pharmes eutical industry rerjta

special reflection whenever the industrial expancion of A drvveloping courtry

is deliberated upon.

Production of medicaments is not simply a technical-economtc al activity since

through its benclicial effect upon public fealth it touches and is touched by

moral and humanitarian principles, Production of medicament

within the bound -ies of byoth

8y whon praclised

sound morality and reasorvible oc onomic “, is a

useful means vith which to further the interests of the commiin.ly ac well as

those of the individunls concer ned,
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