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1» Intcoc jetton 

The Importance of plante as a source of medicaments cannot 

be overemphasised.    Hant drug«  torrr. the mainstay of 

medicare programmes in many of  the developinq countries. 

Even in a highly  sopì il stirateci society like U.S.A.,  o 

survey has shown that 25% oí all  the prescriptions dispensed 

between 1959 and 1074 contained  (i)  crude plant material, 

(ii) extract of a plant or  (ili)  a pure active constituent. 

Over ninety crude drugs or extracte of piante and some 

«•verity six pure constituents were encountered in this 

prescription nurvey.    In  1974 the sale In America of drugs 

derived solely  from higher plante was to the tunc of 

$   3 billion   (1,   2).    A similar survey conducted between 

1959 and 1967  indicates that the relative importance of 

plant drugs has remained practica]ly unchanged.     In fact, 

from that figures of expert of crude drugs  from  India, 

it would appear  that the use of  some of these drugs has 

risen sharply in recent years,  particularly of  senna 

glycosides,  psyllium seeds and husk  and Catharanthus roseus 

alkaloids. 

2 . ffoj.e of Traditionen, Regedles 

The relevance  and role of traditional  systems of medicine 

in a country*t- health care progranane,   howevei,   remains a 

controversial  subject,    on the one humd we have the 

eupporterr of  traditional medicine who claim that  for 

almost evei y disease condition a remedy is available in 

these systems;   on the other,   the protagonists of modern 

medicine firmly believe that  the usefulness of such remedies 

is grossly exaggerated.    Both these views are extremes. 
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and the truth lies somewhere in between»    However,   it 

cannot be overlooked that in most oC the developing 

countries a majority of the population depends upon 

traditional systems of medicine.     In India it  ie estimated 

that over 7554 of  the population mainly consult the 

traditional physician; this  is confirmed by the sales 

turnover of indigenous medicines which is 1.1/2 times 

that of modern drugs. 

Important factors for the continued popularity of traditional 

remedies in any country are their cheapness compared to 

modern drugs,   which brings them within the reach of thfc 

poorer sections,   and the faith of the people  in the 

traditional doctor,   as he is a part of the community.    Thus 

traditional remedies just cannot be ignored and 

efforts will have to be madu to Integrate tnem into medicar- 

progrommes.     What is important is the cure of the disease 

or alleviation of suffering,   not thn source of a drug or 

Uif: system of treatment which prescribes  it«' 

A clear perspective of tho possible role of traditional 

rystems of medicine in medicare programmes of developing 

countries has been given by Dr.   Halfdan Mahler in a recent 

ir.cue of World Health devoted to Traditional Medicine [   3 ]: 

"For far too long,  traditional systems of medicine and 

•modern* medicine have gone their separate ways in mutual 

antipathy.     Yet,   are not their goals identical - to improve 

the health of mankind and thereby the quality of  life? 

Only the blinkered mind would assume that each has nothing 

ÈHHÈ 



to learn from the other.     Unfortunately that divergence 

between the two systems of medicine has almost exactly 

paralleled the division of the world between the  rich and 

the poor«     In some parts of t he world/  even when modern 

medical care is avs.lable,   the majority actually prefer 

the traditional healer,  whom they know and trust. 

Thie is why WHO has proposed that the great numbers of 

traditional healers who practise today in virtually every 

country of the world should not be overlooked.     For the most 

part they are already living  in t:-.oce remote communities, 

intimately involved with the  life there,   conscious of their 

neighbours1   needs  and trusted  by them. 

Let us not be in any doubt   :  modern medicine has a great 

deal still to learn ftom the collector of herbs.     Whatever 

the outcome of such scientific testina,   there  is no doubt 

that the judicious use of such herbs,   flowers and other 

plants for palliative purposes   in primary health care can 

make a major contribution toward:.;  reducing a developing 

country's drug bill. * 

Active principles obtained  from a number of plants used in 

traditional medicine are    now well accepted in modern 

medicine,  Outstanding example:,  being reserpine from 

Rauwolfia serpentina, psoralen  from Psoralea corviifolia, 

xanthotoxin from Ammi ma jus,   emetine from Ipecac,  morphine 

from opium,   ephedrine fro.T. Ephedra spp.,   vincoline from 

Vinca spp. ,   quinine fron Cinchona bark.     Further,   the  fact 

that much of the progress in modern drugs research has been 

based upon leads provided by the products obtained from 
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plants used in traditionell  syst era & ui medicino supports 

the view that there is need to investigate, traditional 

remedies and integrate them into modern therapeutics« 
3# BSSggfgh-OQJJgd^inal Plants 

We have nov/ to consider the* strategy to be adopted  for the 

scientific evaluation of traditional remedies to make them 

acceptable to modern physicians,   to sift out drugs that are 

therapeutically effective from the ineffective ones,  and 

to compare the effective ones with other drugs having 

similar action available today.     In this context it would 

be pertinent to point out that a differentiation has to be 

made between indigenous medicaments and medicinal plants.      In 

common parlance both the terms ore used  loosely and have 

become almost synonymous.     This has to be kept in mind in 

any programme of scientific evaluation of traditional 

remedies.     Most  traditional  remedies are compounded of moro 

than one niant drug.     The  commonly tollowed method of 

investigating each component plr.nt separately may not be 

satisfactory in every case.     It  is  not  inconceivable that 

different  chemical  constituents  oi'   a  compounded medio-ment 

may synergise the uction ot   c.ch other,   or the toxicity 

of  a constituent may by moderated  or neutralised by another 

constituent.     Therefore,   for   initial .screening for biolo- 

gical  activity it would be   -.dvisable to evaluate the 

compounded drug;;  as they are used in clinical practice. 

If  activity ic  confirmed,   then testino of  -ach individual 

plant can follow. 



5 

3íi        floua«hold t^i-A-üXuo  t     In case oc  remedies for non-acute 

condition©,  auch as cough,   cold and minor diarrhoea, 

Which account, for a largo proportion of the dis«aae 

conditions prevalent in -iny country,   even druqn thr.t ftrc 

somewhat   less ef i ecu ivo than modern dunja  could  be 

profitably employed if the«« are sufficiently ch«a&n« 

These could bo acceptas outright without an\' clinical/ 

pharrr ecological testing.     It would only be nîcoasary to 

ol-andaidise thee?» drugs both in reqhtd to r. >';hod of 

Êreparation á.ic final composition.     Cei.iralised produci;!::M 

c€  such drug3 would enmare that properly 11 antif .loci plartf- 

i.nç'redi*»nta a ru used in the proper proportion,   cid hopo* 

the final rroluet would be of the specified oU-.rv.iard. 

¿vi   re yard s quality control of conpouncled ren^iej,   it m;, 

ira difficult to evolve a method of chemical c*es:iy • 

bio^ncF..?y would bo nncassery* 

•'*••••        ? *- ^ccC .^V/l-^:"^-,.^valuteit J on of „drugr  »    l'or a nvm^'jr oL 

aon-infectious licuases FU en ao diabetes,,  hyr?eicenjion, 

oout,   drthriwir,   etc.»   ?t  ia relatively oaey 'co utn:c^f 

tV» clinical  jfficp.cy vi.  a drug«     neputrä traditional 

remedios could be    selected for clinical trialc,   under 

controlled conditions,   at two or three no3pit?0.o in the 

country.    Thcr.p trials would provide direct anawar3 to the 

therapeutic fiffectiveneaa or otherwise of such drugs. 

Since there -linean9 conditions  are net acuto,   if  a p&tiet'.. 

ia put on an oepc... irn^ntal drug for some tip* and the tria" 

is a failure,   no harm is done to the patient« 

ÉHBÉ 



3*3      Sí: í et y  rtjr Ipn   :    Another  important  a sport to be considered 

is the  o.-Icty of tr.-ditional  remedies.     It  io true that 

most of then Ivve been used tor centurias,   and the chances 

of their having toxic tíZí^ctc   are remote,      oat  utili,   if 

data could be provided regarding their safety,   their 

acceptability by modem physicians would be greater.     Some 

laboratories which <re adequately equipped for chronic 

toxicity end Phace I clinical pharmacology studies could 

undertake these studies on mort; commonly used traditional 

remedies,  pc.rt.icu3 arly those v;hich have to be used over 

long periods,   contain metale or plants which ...re now known 

•to be toxic. 
3«4       Broad bioloyiçaLjscjagnirui :     Another approach is to carry 

out preliminary biological evaluation of the medicûment in 

a large number of tes":   systems,   in vitro and in vivo, 

prior to cVLtiled trials.     This approach  is particularly 

appropriate  ¿for    horv< ¡nedicffftmnts that are not very commonly 

used.     Once biological   activity is detected  in the drug, 

individual component plants  can be put through the came 

screen to pinpoint the plant  respondihl-.< for the activity. 

Even plants  tor which no definite clinical or biological 

data is available   rhould be put through the name screen. 

Such a programme of rvoic;ical testing involves  collection 

of fresh plants,   thoir  correct  identification,  preparation 

of total extract,   -crooning o£  the extract  in a broad 

spectrum oC   teot  ::;:,tons(   P^rLocularly Tor tho^e conditions 

for which Mv; dui g :r>ay  *.-c r.c-:t. ion.xi  in literature. 
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Those plants tfii-i» -J:\O-J ¿f.'t.i.v.i.ty .1. -  »...• .. objected to 

more detailed evaluation,  which •'ncluden  chemical 

fractionation r.iCnitoroJ by biolojicol ^valuation,   followed 

by toxicity stai y of active principios and their clinical 

trials. 

Such investigations a.r* IíVJííV io lead not only to the 

discovery of new druno but,  «hat   is mere inportant,   the 

uncovering of nev tyoos  of r.!-• ,\nico.1 .structures having 

some biologic tl activity,  v.Mich in i.un   :oi.'ld provide 

useful los.:ìf> for rr.od?.:...^ iticr. of tno  -structure to enhance 

the activiiy/rc-Uice x5.c;.i---£rx-ctr> o±  tor r¿y:¿thesis of analogs 

having better activity.     Il-, would no-c be an exaggeration 

to say that i.o"te-.*n drifj ,;íN. . ¿.rch n  r: drf/'i heavily on such 

.leads obtains fror* •-rcìdit le;, Jì  r '.T^diïs.     I-any examples 

are known where  tr<   ~.;ar¿ing po.Lit  for  rynírhó.iis  of a new 

drug was a prcpnr«, c v-n ur.cd  in erf ' itron.nl medicine. 

Salicylate-..;  ore tiv \:   c. - •'. <Jn to th- reported analgesic/ 

antipyretic act!••/it.y oC salir/lic  -.cid,   the active principle 

of the c>ce.ii.i il  ci.i  c-f :>vl'-.-ii ui^jôria.     The discovery 

of  local anacetho ;!>.>   vtnr.  -i  ir /n coc-aiv.e,   development of 

analgesics  can />e tracco tt; tvroaine and atropine,   and of 

antimalarials to q ji-iir*-     v.r. re recently,  detection of the 

anti-asthmatic activity of.  ¡vj.eliin bes  led to the development 

of croïïKxjlycic  acid which rc^ re; en te an entirely new class 

cf anti-astìuiòti.:;:..     Worid~w1ic it vestiqation of natural 

p products hi.s uncover d a:iti- cenar activity in a wide 

variety of  structura-  whicn,   apart from the possibility of 

providing anti-cancer dru?:7.,  »asy provide many new leads 

\ 
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e 

for synthesis of new anti-cancer agent3.     Thus,   this 

generation of leads ¿or synthesis of new biologically 

active molecule;..,   is one of  the most i¡rr,;.ortant aspects 

of research on indigenous drugs lr. particular and natural 

prcäucts  in genera 1. 

3»5 Another aspect of the work on indigenous drugs,  which is 

not  given dus significance,   is the: possibility of 

modifying active chemical constituents  isolated from them 

to obtain neu biological  activities.     Por example, 

Glycyrriiiza glabra has been  used in India for a long time 

for various purposes,  particularly as an antitussive agent. 

It has no* been fQund to be very rich in triterpenic acids 

which arc  quite effective in controlling/curing gastric 

ulcers.     Modification of  the constituent glycyrrhetic acid 

has  led to th~ development, of perhaps one of the most 

effective agents known today for the treatment of gastric 

and duodenal ulcers. 

3#6 Experience ol »où ou Indigenous. Drugs[ at Central Drug 

Research  Institute  :     One  of  the objectives of  the Central 

Drug Research Institute,   Luciunow,   is the integrated, multi- 

disciplinary investigation of  indigenous drugs,   and broad 

spectrum screening of such drug;;  is an important programme 

of the Institute.     In this programme about 200 plant. 

extracts arc made annually and passed through a battery of 

about 100 test?,  for antifcrtility,   anti-microbial, 

ant i-protozoal,   anti-helminth and antiviral activities; 

their effects on central  nervous and cardiovascular systems 

and on lipid and  carbohydrate metabolism are also evaluated. 

ÉÊÊÊÊ 
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Extracto whicn yUi.,;   act'.vity in tue pi.'áin>inary screening 

are followed up l:.y c>.<.;ni.':.al  rtactional ion in order to 

ultimately irolot» th'? pure  -¡cti"<.   principles,   the 

fractionation b->iu<j .nonitor«.] by tho biologic.il activity. 

Only thor.ie   it-.icticn.i/ .-VIJOUUIì^:  which ahow promising activity 

»ira then Inves-fcicafcTd  in (.''.tail,   both chemically and 

biologically*     I »TI a y ;:-cVJ (wie thut "H have not    gone into 

the etudy of eco.\ocj.íc¿ 1 Inccoiw.  yet... 

Vi« have ßo far ü-rr-an nf-l  about 2000 plants from almost all 

Over India;   screening c^t* on  IPOo plant« hee been 

published [4 - 9] [Appcr.lix    2-6  ]•    The overall picture 

of the distribution ui  thî»ae plaiiLc; within the higher taxa- 

te tip  follovt*.   i Hyrrr;î"yhr   ~>¡   ].r:\to^:.vi&  1;   Ptsridophyta  41; 

Gyí&oapcrrao 21 »n¿   \:^;.oípcrfi\ne 1.704.     Thcr.e plante  cover 

about 10C0 gennai, and  tho higher plinto   (angior.perrns and 

gynnccpernts)    baleno to auvxit ;75 f.viilies in terms o£ 

Pngler ->rd Pimpla olas*:: ili ice ti.:%     Although tho collection 

wan not  limited tu pi-:,! tr T-»nU on ed in Materia Medica 

but wtf;  base; c¡» *:ho av••K.V:ìì:•..-• icy of plant3 in a particular 

region,   593 of Luesc   pione; lave      been    included by 

Gicpra  in  'Indigenous *.)nqp of:   inliu* .    Activity-wise 

those plant-;  can hn  cU.s^.i.iie'.l   in nine broad croups: 

2:- 



Active 
'.Jeakly 
Active 

81 - 

20 40 

22 29 

2 1 

0 13 

12 9 

14 19 

- 6 

11 - 

6 1 

177 118 

10 

Anticancer 

CMS   (Depressant,   ant i ara h< -teline, 
antistrychine) 

CVS 

Cardiotonic 

Diuretic 

Anti-iiif lamrv tory 

Spasmolytic 

Hypoglycemic 

Anti-bcctt-rial/funyal 

Ant ivi ral 

lío plant showed  anthelir.inthic activity.     Plants showing anti- 

fertility activity h?»ve been grouped under throe subheads  : 

spermicidal  24,   semen-eoagulönt  20,   and  abortifacicnt 6. 

The spermicidal  activity of  a plant has  found useful practical 

application. 

Thus,   activity h¿ s been confirmed in 285 plants,   i. e«   1556 

of the plrnts  collected by us.     12. S% of tfv.ce active plants 

are included by  Chopra in  "Iridioenous Drugs  of India* and 

17% do ; ot tino  any mention  in mtrJical   literature«     In other 

words,   the percentage incidono«  of ¿ctivity  is almost  the 

same  in both groups of pi. nts.     This,   I may add,  justifies 

our method of  collection that of not restrictinrj ourselves 

to the plants mentioned in old texts only. 

In the follow-up  chemical and phonvK.colooical studies  117 

plants have been investicji:t;ed and ...ctive sub. tances from 36 

plants have been isolated and identified. 
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An analysis of the follow-up studies is given below i 

Type of 
Activity 

Total 
plants 
being 
investi« 
gated 

A 
Active 
consti- 
tuents 
Isolated 

B 
Fn. 
active« 
inactive 
consti- 
tuents 

4 

C 
Fn« 
active, 
inactive 
const 1- 

20 

0 
Consti 
tuants 
known 

Anticancer 47 13 8 

cm 22 3 2 3 — 

CVS 16 6 2 2 2 

Diuretic 7 1   3 - 1 — 

Anti- 
inflammatory 6 1 1 2 

- 

Spasmolytic 15 6 1 2 m 

Antibact. / 
fungal 4 3 — 

- 
1 

Cardiotonic 1 1 

117 10 30 11 

We have come across solubility problems; for example,  an 

active substance, though soluble in the total extract, was 

found to be highly insoluble in the pure state    so much so 

that its proper evaluation was not possible § 

We have also encountered plants whose fractions were active 

but Jure active constituents could not be isolated from 

these fractions«      This has led us to consider whether 

it is absolutely necessary to isolate active compounds in 

cases of very active plants where such isolation his bc>n 

found difficult or efforts have failed.    We feel that 

where potency of the plant warrants, purified active fractions 

could b* standardised and t-ken up as such for drug development. 
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We feel ti.at the   introduction into modern mecicine cf 

new drugs from plant sources would Indeed be a formidable 

task.     However,   if one  considers the resulta  in terms  of 

(a) discovery of   n«v; biologically active  compounds; 

(b) finding alternative sources of alrecady known drugs 

or their penultimate intermediates;   <c) providing new 

structures knowing activity and thus giving new leads for 

synthetic drugs;   and   (d) providing complex molecules 

[active or otherwise but of  chemiciil interest] which could 

be easily modified synthetically,   the  net  gains are 

substantial« 

I may mention another  approach which we nave decided to 

introduce in cur programme.     In order to make use of the 

experiences  of the physicians of traditional systems 

(Kavirajes and Hakims),   we.  intend to take up ^"or 

investigation medicaments    as    they are used in the 

traditional systems.     The methodology of  such 

investigations hâve to Le worked out.     Suitable assay 

methods  (preferably biological)  and test models would 

have to be developed for this purpose. 

This outlines our philosophy  mä methodology of  research 

on indigenous plants.     We are    following a three. 

pronged approach.     While wc are fully involved with the 

first one,   the other two approaches are in the  initial 

stages. 



Following  thu..v!  approach'*:-.,   intet oat üK,  onci ucctul  results 

have hoc    obtained  at  the  Ce  trai Dru(.7  Rase, .-c'a   Institute, 

which include   :   characterisation oí 0   lipid-lowering 

principle  from the resin of,   Uiggul   (Commiphora mu Imi)  [10,   11], 

spasmolytic sesquiterpene  alcohol,   himachalol  and  isohimachalôl 

from £edrus deodara,   [12 -   14],   a spasmolytic  coumarin, 

clausmarin,   from Çlauaena pentaphylla  [15,   16],   anticancer 

saponins,   coir; ios idee A U D from  Co lsia   cor ornando liana (17), 

sesquiterpene  lactones,   tagitinines from Tithonla tagitiflora 

[18,   19],   a naphthociuinone,   arnebin-1,   having antimicrobial, 

antiviral and   rcverse-transcriptasc inhibiting activities 

from  Arnobio  nobilis  [20 -   22],   a  cardiotonic glycoside 

asclepin from  /w;eb nla..  'urossaylca [z3  -  24],   a hypotensive 

diterpene alcohol  ooloor.ei,   ft am Coleus  l a matita [250,   a 

hypotensive    lkiloid   Ii-m< thyJ.crotüsparine  fiom Croton  sparsi- 

florus [ 20], 

PiüPJiÉLJJcU°Jd^_l£L tv;i:Jri SSÏJ-yÀtX.,o.g.a.in.t:   communicable disouseo 

Though a  number  of plants  and medicaments prepared from  those 

plants are u.*:.ed   by practitioners  of trauiti.nal  systems  of 

medicine orjuinst   ...  v..iiety  oi   caununic   ile  and  infectious 

.li souses,   only   a  few  oí  vhem have nainod     ccept.tnce in modern 

th'M..'prut.tco.      Given   below   is  a  ) ul  oí. pl.mts  th..t  arc 

mentioned  in the- texts of   traditional   v/stenc  of medicine in 

the   Indian  sul.wont inont  [2V,   28]   . nd   Cuba   £ Mexico [29,   3o] 

which is  followed by  a description of   some of those plants 

which aro  commonly u:;ed and  cae  of  economic importance. 
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4. i    piw*g for heMPth jflífectj 

TABLE-1 
An ti heimln the 

Infllff" sub-continent 

Adina cordi fol i a (Roxb.) 
Albi zzi a odoratissima 
Ananas sativus 
Artemisia slversiana 
Artemisia vulgris 
Aver r ho a carambola 
Argentone mexicana 
Achyranthes aspera 
Acorus calamus 
Ai Ian thus excelsa Roxb. 
Al 6 toni a scholar is 
Areca catechu (roundworms) 
Adhatoda vasica  (tapeworms) 
Baciarla prionitis, 
B. cristata., 
B.  strigosa 

Butea frondosa (ascaris) 
Caesalpiniä crista 
Cae s al pin i a sapean 
Chenopodium album 
Cinchona officinalis 
Croton tiglium 
Curcuma longa 
Convolvulus scammohia 
Citrullus colocynthis 
Calotropis procera 
Centipeaa minima 
Carum copticum 
Cocos nutifera (tapeworms; 
Erythraea roxburghii 
Bnbelia ribes    (tapeworms 

roundworms 
hookworms) 

Eclipta alba Hassk 
Bnblica officinali» 
Erythrina indica 
Ficus carica 
Foeniculum capillaecam 
Hibiscus carniablnus 
Holarrhena anti-dysenterica 
Hyoscyamus niger  (tapeworms) 
Ipotnoea turpethum 
Linum usitatissimum 
Luffa acutangula Roxb. 
Lang«naria sinceraría (tapeworms) 

Cuba/Mexico 

Allium sativa 
Annona glabra 
Asclepias curassavloa 
Chenopodium ambrosioides 
Coffea arabica 
Cocos nucífera 
Coluxbrina reclinata 
Caesalpinia crista 
Exostema caribaeom 
Ecbalium elaterium 
Luffa cyllndrica 
Mammea americana 
Manglfera indica 
Pourteria mammosa 
Spilanthes olerácea 
Simaruba glauca 
Vanilla oggersi 
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Mella azadirachta 
Morincj -. i. tarygc ¿pernia 
frusaha par ni 
Mentha samicata 
Mimusops  elengi 
Mella asedarach    (roundworms 

&  tapeworm o) 
Meile azadrachta (roundworms) 
Mallotus philippinen;is 
Morus alba    (tapeworms) 
Kyctanthes arbortristis 
Nigella sativa 
Ocimum sanctum 
Operculina turpenthum 
Oxyxylum indicum 
Piper chaba Munter 
Plumbago zeylanica 
Prong ami a glabra 
Piper nigrum 
Pegarmn nórmala 
Prunus armeni acá 
Prunus persica (threadworms) 
Ptoralea corylifolia 
pyrethrum indicum 
Punica grenatum  (tapeworms) 
Rheum emodi 
Ricinus communie   (roundworms) 
Swertia chi rat a Buch.-Ham. 
S emec ar pu s an tic at d i um 
Solanum xanthocaïpum 
Terminalla chatula 
Terminali a belerica 
Tri achy spermum c api 11 aec er, 
Tinospora cordiíelia 
Vitex megundo 
Zingiber officinale 

Butea frondosa Koen,  ex Roxb.  family Papillionaceae,   (Hindi namei  Palaaha) 
IFone of  the commonly used drugs in Ayurvedic system in  helminth 
infections.    Thir. is  a moderate  si rod deciduous tree found throughout 
India extending  to  the north-west   ramal ayas.     Frftsh ground seeds have 
been recommended foi   ascaris, infecticne;  palasonin isolated from the 
seeds appears to be the active constituent   (32). 
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4 «2    Drug» for Dysentery and Diarrhoea 

TABLE II 

ypdlan auh-contlnaat 

Acacia Aràbica (gum) 
Acacia catechu 
Aegle marmalo« 
Al «ton i a acholarla 
Aataracantha longifolia 
Bauhinia racemo«« 
Bosvellla glabra 
Calotropi« procera 
Camphor a of fie in arum 
Cannabis sativa 
Cassia fistula 
Cinnamomum zeylanlcum 
Cochloaparmum gpssypium 
Cordis latlfolla 
Cydonla oblong« 
Babilca officinalis 
lugani a jambo Ian a 
Flcu« bangalansi« 
Ficu» carica 
Ficu« glomerat« 
Mietere« isora 
Holarrhena antidysantarica 
Hyoscyamus niger 
KHASTÏ AMBA 
Malva rotondi folia 
Malva eylveitil» 
Martha arvansla 
Masua farraa 
Mimosa pudica 
Mlausops alangi 
Mussaandra frondosa 
Myrtus communis 
ocimum pilosum 
Phyllanthus madaraspatansi« 
Papever somnlfarum 
Plantago major 
Plantago ovata 
Polygonum viviparum 
Punica granatum 
PATHOON 
Ouarcos infactoria 
Rosa damasca** * sugar 
Rubia cordifolia 
Ruroax vasicarius 
vatarla indica 
Vitax trifolia 

Cuba/Meat ico 

Annona squamosa Lin. 
Adanaonia digitata L. 
Agar at um conyzoide« L. 
Adenanthera pavonia L. 
Adanttun tenerum Sw. 
Acacia species 
Achxas sapo ta 
Althaaa officinalis 
Anacardlura occident al a 
Annona species 
Arachis hypogaea 
Arc to staphylo 8 pungen« 
Argentone species 
Aristolochia species 
Avicenni« nitida 
Bursera ci maruba Sarg* 
Bur sera mlcrophylla 
Cuscuta americana L. 
Cadrei« mexicana M Roam. 
Cocoa nucífera L. 
Cor i and rum sativum L« 
Chryaobalanus icaco L. 
Creacentia cujete L. 
Cacai la species 
Caaaalpinia vesicaria 
?alea zacatechi^hi 
Calliandra anomala 
Canavalla villosa 
Cannabis sativa 
Capriola dactylon 
Capsicum annuivi 
Castale spaciss 
Cas ti 2. loa elastica 
Ceiosia virgatu 
Cenchrus echinatus 
Cephalanthus occidentalls 
Cere is canadensis 
Citrus aurantifolia 
Coccoloba unifera 

Coutarea latiflora 
Creacentia alata 
Cupressus sempervinens 
Cydonia oblonga 
CJurtocarpa procera 
Deanea tuberosa 
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^uba/Mqxico 

Desmodi un ampli folium 
Didymaea mexicana 
üiospyros erenaster 
Dipteryx odorata 
Qnilia  sono hi fol i a  (L.)DC 
Elaphrium  fagaroides 
Eryobotria japónica 
Eupatorium collinum 
Euphoil i a species 
Koeniculurn vulgara Millar 
(Jossypium barbadenaa L. 
Qalinsoga parviflora 
Oalphimia glauca 
Gaxrya laurifolia 
Gonolobus nuntnularius 
Grindelia species 
Hellanthus annus L. 
Haxnandia sonora L. 
Haamatoxylon campee hi anuro 
Ha limi um g loma rat um 
Hsdeoma piperita 
Hibiscus pen tac arpo s 
Jacoblnia apicigara 
Jateorrhiza columba 
Juncue Loureiranus 
Kohleria deppeana 
Kramerla species 
Leonotis nepetaefolia (L.) 
R.BT. 
Lantana cámara 
Mlkania cotdi folia (L.r) 
Wllld. 
Malus communis 
Malva scoparla 
Malvavi sen.a species 
Many!fera indica 
Mirabilis jalapa 
Myrlca species 
Nymphaea alba 
Ocimum basillcum L« 
Oryza sativa L. 
Opuntia Karwinskiana 
Oryz« sativa 

Pêchyrhizus palmatilorua 
palicourea denaif»lora 
pellaea ternlfolia 
peperoni!a galioides 
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4.3 

SûiÊâSËÊULaa, 

Paresia hebeclada 
Perse« iratissima 
Physalls coztonatl 
Pimpinella anlsum 
Pinaropappua roseus 
Piper sanctum 
Pithecelloblum albicane 
Pro tentili a species 
Priva tuberosa 
Prosopis dulcís 
Prunus species 
Psidium guajava 
Pterocarpus draco 
Quercus castan «a 
Rendi a echi noe arpa 
Riddali i a tagetlna 
Rosa gallica 
Ruellia albicaulls 
Rumex species 
Ruta graveóle»s 
•coparla dulcís L. 
Slmaruba glauca DC 
Sembucus mexicana 
Sanvitalia procumbens 
Selenlcerems grattiflorus 
Selloa glutlnosum 
fimaruba amara 
Spondlae purpurea 
5tachytarpheta jamaicensla 
Terminali« catappa L. 
Trlumfetla Usemltrlloba Jecq 
Talauma mexicana 
Taraxecum officinale 
Taxodium muer on at um 
Terebinthue longipas 
Thalletrum species 
Vltex species 
Vi tis   vinifera 
Malt her i a americana 
Zanthoxylum martirio enea 
(Lem«) DC* 

sub-contlnaat Cub«/frexlco 

Acldum areeniosum Achraa sapote 
«coni tun heterophil luna Allium sativum 
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Allium sativum 
Ariutolochia indie* 
At »dir »chi a indie« 
Berbería eriatata 
Caeeelpinia exl atete 
Ci noe hon a officinalis 
Oclraum baa i lie um 
Swertica chi rata 
Tinoepora cordi folia 

Andira species 
Andiopogon citratue 
Artemisia mexicina 
Ascleplas spec ita 
Beccheria "lutinose 
Bixa orellcina 
Bou vai di a erecta 
Bricktllia cavanillesaii 

Caesalpinia críate 
Calea species 
Calendula officinalis 
Cell landre apéeles 
Cary a illlnoensls 
Cassia occident alia 
Cephaiatithus occidentali» 
Cinchona species 
Cissus trifoliate 
Cltrullus vulgaris 
Citrus limoniurn 
Colubrina guaterai enaia 
Coutarea latiflora 
Croton speciea 
Didyniaea mexicana 
Diospyros erenaster 
Oorstenia contrajerba 
Kphedre species 
Eucalyptus globulus 
Euphorbia calyculate 
iKostenvna cerlbaeum 
Galphimia glauca 
Gelaemium sempervirena 
Gliricidla sepium 
Oonolobus nuiranulaxtua 
Qu azurne totuentoae 
Oullandia bonducelle 
He li an thus ennuua 
Heliotropium peruvienum 
Heterotheca lnuloldes 
Io Stephane heterophylle 
Iresine calea 
Juli ani a adathrlngena 
Lemna minor 
Lonicera pilosa 
Mentha rotunditolia 
Ml kan i a guaco 
Mimosa sensitiva 
Myriocarpe tetraphyllua 
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Nicotian« rustic« 
Persea americana 
Pec ti s capillari« 
Paparoni4 umbilicata 
Parazla h«b«clad« 
P«rzia gr«ti8«im« 
Paxaea «ngulata 
Phy««lis «ngulat« 
Pipar »actum 
Piquaria trinarvi« 
Plantago max ic an a 
Fluche« odorat« 
Plumbago «paci«« 
Porophyllura spaci«« 
Proaopis dulcís 
Prunus spaci«« 
Psittacanthus amarleanus 
Psoralca pantaphylla 
Randia echinocarpa 
Salvi« spaci es 
Sallo« glutinoaum 
S anaci o spacias 
Silybum maxian um 
Simaba cadron 
8t«vi« spacias 
Swi«t««ia mahoganí 
Tagetes spacias 
Tal «un« mexicana 
Verbena officinali« 
Zorr.i« diphyll« 

Tàflhfi TY 
Afihyranth«8 «spera Albinia iabbeck. 
AB«ci« c«t«chu Cassia «lata 
C«lophyllum apetelum Cucurbit« maxima 
Cyclaa burmanii Irythroxylom minutifolium 
Dloscor«« «lata Renealmia «romatic« 
Tinospor« eordifoli« Zanthcxylum mart in leaos« 
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âchyranthea áspera Linn,   t ami J y Amar ant haceae (Hindi nam«» 
Latjira)  it one   .a  the .impôttan    drugs recommended 
foi  leprosy.    Jt is  a sme.ll  ht-rb, which is  found 
«11 over India,    The seeds, leaves and twig© of the 
plant arc reported fot   the treatment of renal dropsy, 
bronchial at tactions and leprosy.    It has been repotted 
that leprosy patients when gi\«n a decoction of tne 
whole plant showed distinct improvement in  their  ' 
clinical condition,  bacterial status and general 
health,  but the clinical improvement was not  as good 
as with DOS.    Howevei,   t he improvement with a 
combination of the decoction of the plant atnd DDS 
was better than with either alone (31)« 

4. S     Kai asar 

sBtttlB tMb-Çonta"«Pt 

Berberís asiatlea 
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Quit iva tion and production technology 

Mauy of  the developing  <..-.'-'.'&x io-; vr:i 1.;•  taoir varied 

climatic conditions  and  topography provide a very 

appropriate environment   for cultivation of a  large variety 

of medicinal plants,   and  in fact some of these  countries 

are the leading suppU-;..   oí.   verjct;«hle drug.:;.      India alone 

exports over Rs  25  million worth of   drug:;  of plant origin. 

In spite of  the cons irle rah le  a Ivances  that have tcxen place 

in the pharmaceutical  field,   especially in the   introduction 

of synthetic drug;  and antibiotica,   plants and prelucts derived 

from them have been able to maintain their position«   in fact, 

there appears  to be a     tendency .in  the  advanced  countries, 

namely West  European countries  and   USA,   to go in more and 

more for natural ílrugc   in preference to synthetic ones. 

In this context,   it   is most appropriate and timely that 

UNIDO hau decided  to hola  this symposium    - thus 

underscoring  the continued and growing  importance of  thic 

field.     And what  is moro   ii.porUnt   is  the  :oct   that many 

of thecjo plant.;  aro  now not  uso-I  as   such in the   countries 

of their origin,   but  arc exported tu more developed 

countries v/hiü« procer, z  tham  for choir  ¡active   ingredients 

and then export bach the  latter.     Naturally,   the price of 

the active  insediente   io much higher  than ¡.hat of the 

crude drug.     From various point.;  of viev/ such as  eliminating 

the cost of   transport,   development  of   indigenous industry, 

it would be useful   Tor   the  crude     ru-j  exporting countries 

to process  the..-o plants   to meet their  own requirements  and 

also for  export.     For example,  the  total imports    by the 



?.:• 

02CD co.ntrioo of  crr1:  -L-c s  c'a nog .1071 was   about 

Rs  710 -nillicn,  vùilo  too  tot«..l tra'ie in active 

ingredients  by  V.l.c   cix l^^ino.  ••^'•-•-••*t-*-4ü   - antcie:,  arno.int'î-i 

to Rs  5570 millioo   Cî<-r   297c ni 31 ion   irrc)0;tc and  Rr;   260Q 

million cxpoxtr ). 

While a  icirc-o number   of  medicinal plants  are mentioned 

in the ph. omocopecoz  o'    :i.'l^- 'Tt   count rie:---,   the principal 

botanicol   oVuo  onVr>~  i-'noir «ctive   a.-v¡ri-cUents  which have  a 

sizeable market  ore  not toe many a.rl    include   :   Aconite, 

Aloec,   Aimni rn^juo,   Belladonna,   Cuín   rknr.oin,   .ìucau, 

Cath^rvnthuo,   Ci.icona,   J io:;coree,   Ji.iitolic,   ßpheira,   Urgot, 

Ginseng*   i.yoscyorr.us,   ::/di..asi ic,   Ip- eoe,   Psyllium,   Liquorice, 

Opiurr,   Papain,   Po.lopliyl.ìar.;,   Rauwolfia,   T.ruibarb,   Senna, 

Strwuno.iiorn,   Valonan.      b„  xs,   taere-fore,   riccecoary to first 

concéntrete our at   -Mtioü en  Lnese ploróte.     Effort:;  should, 

therefore,   be rv. :o to promote  tho   -Ml:;.i\.vLicn/collection  of 

thene plontc,  r.oinly of p r :.-iu n-ion  of the„r active 

constituents. 

5.1 EELLADOi:.^   (A.   beLl^^cnno  e ni   A.   acuminota f-m.   Solanaceae) 

5.1.1    The drug   belladonna  xz ob tran ed  from òried  leoves  and roots 

of A» bc-l.^auonna  a:r1   tlv;   ¿vlot^ò apcciei:  A. acuminata.     The 

plant io   a peroiv.i. 1  norb  indio  ^ooo to control  and  southern 

Europe,   wooro it  ¿till  oro-o;  .vili   i/;  Haik^ns.     The related 

species  A. a curr. in at a   :.~o  been growing voile'   in th« mountains  of 

Janmu & Kaohmir an::5   H-jnachol  l-rade^u.     üovever,   the wild drug 

has almcst become  e;-rl:i:;ct bccou:3.-  of  indiscriminate collection. 
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«J thou •;,';)    .   r . . t   ». i.   .   :. J.^'i.j.    .;.    »-.ill   o. •;.: :.nu¿   ftor::  v'iid 

gro\/r.'n   in   Eriop-..-,   •.cr.       •'.'   r].,c   .. • i •; p ".. y   oí:   thi'..   drug   is   net. 

by corrane rcial  OJ.I'; rv,ní-, j M¡#   •.vhic'-i   i-•: nolnly ronfi ned to 

England,   CCL.V;íI:^. ,   !!a:^.;c)r y,   v.. echo:. ]tvt ..io,    joui;,   Jr.itcd 

St¿¿t«r»  and   Inaio.      IM   II;.^  JU   tuo   cui'', tv. rio/i  1;;-  confined 

to   fa.^u:   oL   éXn'.rv-. :.   .".,: : :.-•.:•» ;:••. ?„.cj.;'.::.!   Hon....   i1:'; \r.iv itior. 

in Kashmir   Valli;y wl/'i.t apr. reni, TIC tel y  2'  tonner   oí dried 

lc.jveo  are pi educe-i   ->r.irj...,l!y. 

Belladonna   is  cultivated  as  a perennial crop  and  it  is 

mainly prop<it;¡.-.:ted by  s¿-:xi.?..     Th<:  s e od s oro p2anteJ on  raised 

beds  either   in  early  eut'H.in or spring«     Seedling:,  are   ready 

for  transplanting witl.j.:"   3-1  months..   ...iter which they  are 

transplrfnted   in the  ÎioiJ   rît a d'^t^ncc? of  60 cms in  rows j   I 

which ars 90-ICO c^r   apcut.     Libor.-l   ¿mount or   fertilizers 

is  needed   for  opu^ur.i  growth end at   l"j;;t  4-6   irrigations 

are  rehuir d  ¿urit.g   "-h • peilod >.hen  tnere  are no rains. 

The  crop   io   kepi,   f :^-c  trocí •.ee-U'.;  by  régulai   interculture« 

The   t'ir, t cror,  oí   .i.e.:-ver.  ic obtained   alter  about 8 months 

of  growth   eft<vr which   rehilar  cuttings  can  be obtained 

every  2-3 ¡r.ortha.     in   K^hmir  1i-6  harvests   are obtained 

annually  in  the ¿nd,   3rd  «it. i  4th year.     The leaves    alongwith 

twigs  ar^  ru:rvu.-;tcd wher   the plant::   a- e  in   flowers.     The 

leave:'  at-, dr."'.sU  i.u  ;:¡  i ic   ct  flt-.-otrioilly operated drier. 

Normally once planted   lei 1 adonna  gives  oood he.rvor.ts  upto 

3-4  years,   mtev vhich  tic   rooty  a:e  ciiso harvested  and used 

as  a source  of  alkaloids.     On an average 600-800 kg    dried 

leave:::  ore  oLtt.inc.-u per 'acetare.     ilowov.r,   under proper 

management  an  yield  as h ion as   1.200   kg per hectare con be 

obtained,   h-.ivi.ug tot.,1   nlkal'-ii   coat ont of  0.4  - 0.5%. 
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5.1.2     PROCESS  » WS CR IFT If, : i   -     AJrîof   •'ascription of the process 

to be employed   for  the manu fact aro  of   Concentrated  Extract 

of  Belladonna  Iron;   dKLLADONNA LriAl'   it. p^eotnteJ   below« 

The flowsheet  appended to thi-.*   import   ludi, CM Los   only  the 

rnnjor  Of'.jlprni ni   rf^firei  for \ ]\>:   r>.-nulact arc oí   the 

particular pru wet. 

Extraction   :     The powdered  í>L,I,I.AüUNI¿A LEAF   (16 mesh )   is 

charged into a percolator wherein the material   is waohed 

with alcohol for complete extraction of alkaloids. 

Concentration   •.     The extract is   concent rated initially at 

atmospheric precr.urr   «nel then  ander  vacuuir to recover the 

solvent.     The  liquid residuo is  a&sayod  for alkaloids and 

packed. 

Raw material  consunption per con of  product  i 

 Material Kg/1000 Kg of product 

1 Belladonna   I', af lO,üüO 

2 Alcohol 20,000 

Major Process. Equipnent 

1 Grinding machine with 
sieving  arrangement 

2 M.S.   percolator 

3 M.S.   jacketed distillation unit with agitator,, 
condenser.,   receiver ¿ril   losing tank 

4 M.S.  a*-, ore go tank 

Service  Equipment 

1 Vacuum Punp 
2 Steam generating plant 
3 Refrigeration plant for  chiliad water 
4 Circulation pump 
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5» 2 Cinchona   (family Ruiiacede^   :   Stem bar* of   Cinchona species 

co;it.u.i;',r>  a nuint;er  oí   aikal   J ir:,   t.;>: . ....".   importuni, of  w.iioh 

are maini y   .>.'ini.'i;j -nnci   ;,üiniüi".e.     Although more thòn a 

dosen specie--,  a 1-.:•.• knou^,    -n».   mont  d..w on species  exploited 

throughout the  weld are  C. jedgeriana,   C. suceirubra, 

Ç» cal i soy...  ui'ì a 0 nur ¡te;   oí   reioto'   sp e'.:3.0s  ana  hybrias. 

The plant 3.a  a tree  indigenous  to mountains   of  Equador and 

Peru at an altitude of  3OO0-90OO ft.   and also cultivated 

in  Indonesia and   India.     There aie at  least   30 Jcnown species 

and hybride.      In Ir. lio  it:-  cultivation ir;   confined to 

D&rjeelincj district  in ¡forth   Bengal,   and  Kilgiris  in 

Tamilnadu.     Hills  in iiumid tropical  arcas   a¿.e ideal for 

cultivation of this  tree. 

The plants  are propagate:   by st.c.'is.     Selected seeds  are 

planted  in beds and  the   seedlings  are  ready for  transplant- 

ing after two years.     The maximum alkaloid  is obtained from 

the trees which arc   6-9  years  old.     In  India the  first 

harvest   is  taken a i ter 7-í?   year-; when  the  sters  are cut  near 

the  ground level.     This  givej  rise to growth or  several 

shoots  near the cut  ends  and  another harvest is  obtained 

after which tri.es  are uprooted   ano  replantea.     The average 

alkaloid   content  ranges  between 6 to  7%.     However,  trees 

are known to have as much  as  12-20% of  alkaloids.     There are 

20 different  alkaloids which are known to occur  in Cinchona, 

However,   only Quinine and   üuinidine constitute the major 

portion which are being exploited commercially. 
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5. 3 Ai.TÜ ii:>J.A 

OrrU.ir. ¿i-L-c•••.••. e:-   ;jv.eri.vi   ,    .¡ir.'.,   >   Q¿ i.t-j/v 

A.   c.tn*c   •.-onfir»  l-'¿;:-    ^   .:• • i- -i".     £-.r_J_._»    °-     *-'•''   :-' A '' 

.ivscttìf  O¡.
-
 '   ';K- '- J v -.; 1     .,.;)  vu.-   c-.'-^ral  /vji-'»r. 

ar.t     -V'.-Mi. 

opccxPû A.m.iC.ltii'C   i-     to-v.---.    '.*<!••.   jn   ti-.;,  r.'^r,t -in:-   o; 

Iridia,   P¿' >-.:!. xn  -ir»-     --'   '  •'••   ' •"•     •' --" • °    '<'•  L-*''' 

frem   KuiTKion te    :.:ohn.t   «ir      'il  *¿   i'-   :'• i r."    r-oj! '.•.¿..s  c£ 

Pakist-.--..   onìy O.«.   pianto <.ro.-;i:u    m o:i'i un;l  .'^.ì-ariu     roas 

oí;   I^siiMi.'.     :-\./.J.'-..WìI.   M   i.     K.    i¡:.ii ,   A£..i.ur.J.sL'.r. r.n J 

^luo-ict.-n  cc.^ìi.-i  •  :- ..•-•-'-   .Mount   «•:     .. ..    -—r>.     Aì.tMou^ 

a number of   .-.U ei,,;-U:'   huvi   •   .-.   ¡..;    •  , >v    . •   ;.; VìVìO.:   oí  t..le 

plant  in ¿ursi?   a:,  wol ,   v    i.>.'.a,   M„-   y^-.i  "-   c< r.tcnin   from 

tno cultivo--} /a:t-^i.;if.  i-   ^ncra.y poor   Tri nost   of   tho 

*ipr;.i:   oí   sf!-,v/'j n   i.     c-i-.u---i-.-i.  ^  -• *-v    •---•-•"' i'ourvl   yrowi^o 

wild   li: t!.v    oc;.'   -...»•'.    -,-j!---<:..r•;.!  ove-   o¿     l"1      J,   TO^.;L a.   ¿:;;d 

USSR.     'Ae i^.int   ¿.a   •;v:.*.ìr. '• j •;   .olir'--.-     •,.:.-••-   t...    :.: ovvi, i^ 

are -just t^I." •   i.-" ,    :;- -t.-,    ünopon-ví 

flowers  conte.,-,  tur iva>-*¡.-^rr. ..v/.c-ur.t   of   '-.>.-.      L<V> 

5.4 AH!il :;AJ'JS 

'J;.4.1    The plant   i:,  Im'xr.K HO••• "  to M;! :i»--'.u~t r   npi-. ially  Kgypt 

íir.'í   c'joi'.r::,  ;. - ....   »••).   '-.•   i.t  -.   -^.iix'-   f,ì 0;,. .••.-_:   >ìì1?   in   the 

nervi-.'ri i   -\.- '.-.'l't-'j.     ¿..•.••••du.  ^f  thi::  i'icnt.   cr•••.L--Í1-. ü'_v..,r\ 3 

Courwrins,    tïiu  .-i.:....   i.n.v: ' 1-. rt  ;\;    >v.lc\'.    i .e   XL.wtì^oxin. 

The plant   ìJ  ot   ¡--rcLT.i-it  eilt.' v,*f.o.:   ir¡   b : ..i<,    In-ia   unci  to 

tome   o.vtvnt     i:i   i.  Y^t.      I-.   i..     i.^o  «~:-:pl':. ^....> :   from  rfil'J 

growth  in   ScjyM.   a;\'   : >;:n evi rJ J:"J  •_ r.-v-.".. 
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The plnnt \/hich  in  ^r. anin.uú herb,   i:    cultivated   at a 

stumor crop   in  temperóte arrear,   like US3R wh'ireas   it  Is 

cultivate 1  ^c  a  winter crop   in 3emi-tropiCül  arear,  of 

Egypt and   ludio.     In  India   the  secchi  are broadcasted in the 

months  of  Oct oh or   ¡ni   ¡îov<mber.     The plant  re'/uirex at   leaet 

two  irrigations  ¿-nil «a modei:.;te    dose of nitrogenous 

fertili2ecfi   (60  kg pet. lactam).     The  umbels  are  ready 

for harvesting during the month;-,  of Hay-Juno.     The seeds 

are thrashed and cleaned before proceuaing.     On an average, 

about 400-500  kg    e<  <•, are obtained per hectare.      However, 

under good management and   in t'ertilo soils  as much as 

10O0 kg 3eeda per hectare  can be obtained. 

5.4.2     XANTHOTOXIN 

PROCESS  UESCUlPTiCdí i    A brief  description of  the  procer 

to be employed  for th-   manufacture of   Xanthotoxin   from 

Ammi Majuii seed   is pre. ented  below.     The flowsheet  appended 

to this  report   indicates only the major equipment  required 

for the manufacture ol.  the particular product. 

Extraction  j     The pc/wd-rod   'AMHI MAJUS SEED1   ic extracted 

with normal h< xane in .¡ Goxhlet  type extraction unit.     The 

extract on cooling    give,   a mixture of  coumorinea  which  is 

filtered  un 1er vacuum washed with hex-me and  subjected  to 

dealkylation. 

uoulkylatlon   :     The  cournorine mixture   is dissolved  in glacial 

acetic acid and Sulphuric acid  ir  added to this solution 

under ctirriny.     The reaction mixture  i;, kept for  some time 

and then treated with cold water whore the precipitation takes 

place.     The precipitate is  filtered,  wa ned  and dried under 

vacuum. 
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y^-'jl^í"---    :      '"'••      'J:.V'   •   :"'" i    't,'t'.'    i:.   tre, •..-. !   with 

benzene an¿  the ristare  un iiitr .1.io-»  rives   X-oil.     Tbo 

sop.ir.-ted X oil  i:;  reiluxed  ./ith distilled  acetone. 

Pot<.<.L - -,u;n  (•..'LTUü'.t.;  ou-;   Dimethyl   -aiphót!:   are  ,-JCC   to t¿ie 

refluxod mi:.1.'.; e ciivJ  he. t.t;.l  for t./o t>> tr.ro     hourc  until 

the corivei": it ;• of      \~o.il   te  /¿-nthotoxin  io   complete. 

The reiset ion mi;tur..-  i:;   concentrated,   coolf-1   ~nd poured 

in col'-   wot er.     Vrv-*  r-v.'p   •..v.-;;J   .\.--. «ti. ;*-.o;:in,   oLtai.-ied  alter 

the filt-ction oi: vho  slurry,   is dio colved   in benzene and 

the solution  i.; p^..,;t: i t: irono', i " column of  aluminium oxide. 

The li'iht yellow coloured  motorio!,   or. conni lete     renoval oí 

benzene,   ir;  dried  uid   lisrolve;  in oc,tone.     The  acetone 

solution is treated v/ith   charcoal    ni  filtere d.     The 

filtrate  i.:.,  pour ••-•i   in wotor   . nd the prop it ut;.'  is   filtered 

off.     The •-•ulto crystalline xonthotoxin cò.ke io    Tied under 

vacuu-   ..-vi '••.:};îï'. 

"•5 DIOSCí^liA JPSM;ü 

5« 5.1     A group  o*""   ¿noci.. r  o:"  üioccorea lu:S   ixicn  recently  u¿c¡  as 

source  oi'  steroidal   oüpcvronin,   Jí.,.,íJ  nin.      rhrí. e   incluye 

D. f lcrjùv :r..'y,   d. c-np xita  a-> .   tho  minted  opecies 

D. spi culi flor:,  --ivi  :J. _.iyi-.\i'ic\\: t^ial.'l i»     "''»'••        art    founct 

growing uild   in Kexico ani other central Anoricrn countries 

like CU'itemal.1 - nd  : orio-.ua...     ;-¡o:.t  oí  thp    . rJo of  comrerce 

come;»  from the forests  oí  Mexico -:nd  thr  control  American 

countries.      'lav/ever,   cultivation :•-:,lois  h.-vo  :x;:n developed 

for Dioscorea floribunda,   J. cotaposit."  ¿mu  ü. up i cu 1 if lora 

in Mexico,   Unite! atùt'-s   end  Indici and email plantations 

have- been established. 
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Sapoyenin boari: .g  Y. JUS  on ¿je pi.o¡>..gated  Iron seeds,  tuber 

pieces  as   ..eli   <x.:,  sinqle  noie   r.Lisn  cut-.inn-.     According 

to-American  authorities   y.cir.i  proportion  io  very  economical 

in cene of  commercial plantations,   w\creac  tuber propagation 

or stem cuttings c:.n be  used   for multiplying high  yielding 

clones.     Ili  In. i io  J-t aas been  found th..I planting tuber 

pieces is more succès, ¿ul  than seedlings.     In case of 

seedling multiplication,   seeds  are plantoi  in tr   ys or 

pane  either  in Juno-July or August -September.     These 

germinate within 3-4 \ie  ks.   Seedlings are allow**! to grow 

in nursery  for about 3-4 months a-ter which they are plante d 

in the  field.     Rainy ~cat on  Auga; t-ieptember or spring 

months of  Febru.,ry-March  are   i.le.,1  for planting.     The 

seedlings   are plontcd at a distance of 60 cms from plant 

to plant  in  rows which are 70-90 cms  apart.     In case of tuber 

pieces,  50-70 gn\ tuber pieces  -re sprouted in sand and the 

sprouted tuberr  are planted   in the  field.     As soon as the 

vines  start  growing,  these have  to be -rovideJ   in the  form of 

bamboo stick" where they are  a-'ailable.     The ideal plantation 

should be  provided with wire  trelliv.  supported on 6-8  ft. 

tell  stone,   iron or wooden pillars.     The plant requires 

liberal supply o~   í!an¡iy rd nanuro an J mi:rture of  Potash, 

Nitrogen and Phosphate  for <   xting optimum yield. 

6-8  irrigations ¡.houle!  be giv^n uuring the period when 

there are  no rains.     The tubers  .re harvested after a period 

of  2-3 years.     On an average 8-10 tonnes of dried tubers 

containing  2-5 per cent    Jiosgenin,   are obtained  from one 

hectare plantation a ¿ter two years. 
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S. 5. 2    PROCESS üBSCRIFTIQU  t    A brief description of the process 

to  V'f1 empio- '' !  in-  «i-r--- »nnnu i'odture c?   ' Diouy^nin*   from 

DIOS COK HA TtîP.Ek   í... prient ed  b«.low.     Tho   flow-ühect 

appended tc this report  indicates only the major equipment 

required  for U\(* manaft'oLui. t oí  ihr particular product» 

Hydrolysis   i    The water soakrv!  and powdered  OI0SC0REA TUBER 

is hydrolysed for 6-7 ¡irs with 5-Cj£ solution of hydrochloric 

acid. 

Washing and Drying  t    The hydrolyaed matCLial   is washed 

initially with watet and    then witn 10* soda  ash solution 

for the complete removal of excess acid.     Tho acid-free 

material  is dried and tt-.en taken for extraction. 

Sxttaction and Concentration  :    The dried material is changed 

in the extractor and    washed several timos with solvent oil 

(boiling range 5rj-llC°C).     The solid residue  is discarded 

and the  liquid extract  Lr¿  concentrated  for solvent recovery. 

Centrifuqation  t    The concentrated liquid extract containing 

dlocqenin is cooled  an i thon ccntrltuoed.     The centrifugea 

material   is dried and p, eked afte" assay. 

5.6 Ipecac 

Ceph-el'••  igococuor:,^.  eon 3 i sta of dried   rhizomes of Ipecac 

(iira^ilian ipecac)  or Ç. acuuunat ~-   (Car togena,   Nicaragua or 

Panama   ip<>cvc).     The  pi ¿at   ir  ,:   low perca: ii al   herb with much 

branched  annulated roott   C. ipecacuanha   i:¡  indigenous to 

Brazil and cultivated  in  India and Malayasia,  while 

C acuminata is  found  growing wild in Columbia,   Nicaragua 

and  Panama.    The roots of  both tho ppecier.  contain 2-2.5* 

total alkaloids consisting mostly ame¿.tine    and cephaeline» 
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In India  the plant  is  cultivated  i.i Rango  and îîungpoo hills 

of  ^arjeclino  .li.....r ica   (/..••rLh  bcn<)l;. 

The plant  can *.e    prop,. ,... t       both by  sera  as well   as  by 

vegetative propap  tion oí:   soot  or  loaf  cuttings,     Rich 

loam soil  having pieni y  oí humus   is   considered  j.ic: 1   for 

cultivation of  this  plant,     füll^  in   the humid tropic:, with 

100-20O"  r:in;:    ...   wiLu  r.inor  Jj.:f       nc<j b  tv;e...n  day  - nd 

night temperature, provide the optimum climate for the  growth 

of  this plant.     In case  of propagation by seeds,   the seeds 

are planted  in specially prepóre1 raided beds containing 

soil  und  leal mould.     The   naroor/  Led   i:; protected  from  sun 

by artificial  shjde provided by thatched roof or bamboo- 

splits.     After the plants hrv'; grown,   they are transferred 

to the permanent beds.     ïhe idei way to cultivate-  Ipecac 

is  from root or leaf cat-,i inga,     'mere  cuttings  are raised 

in special punr coûte.mine  sand.     After Die cuttings are 

rooted,   they are tn.ni.::ui.rô   to nursery bec"  containing  leaf 

mould,   soil  and sand,     './ell established cutt-.ings are then 

planted  in pern, nent beds,   -..• dich  .re  speci .lly prepared and 

fertilized -veil -ith  led  mould.     These, beds are also 

protected by creation of  artif ici il  shade.   The plant    is 

ready for harvesting generally e iter   3 yceirs,  when the  roots 

are dug,   thoroughly washed   und   .ried   in sun. 

5« 7        Mucuna prurita boob, is ;in annu-.d. twining herb belonging to 

the family begur.iinosae. 

S.7.1    Mucuna prurita caav.only xnown as Velvet Beans  is  a climbing 

herb found growing wild throughout northern InUa,  mostly 

in the  foot-hills of  dttar Pradesh and Bihar.    The plants 
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heve o  thick  Gter   which bif IM::. " tar.  into branche,  after 

attaining  o ¡i .-iaht oí:  .,bout  50-60 ciac.     Under wild conditions, 

tl»*¿  bi"...¡i'~:iti.',   tv/i;.  .'.:»•'   •:''. imb   n-,      Ioli  j-   10  to   15 me tero. 

The pl< nt  har;  bren   i::». !   in   indiar--!-   rys-.teiii  oí medicine  t:or 

•.i  considerable: period  of time.     However,   recenti:/ it hat be*n 

found a good .source  of b-iv-.pa.     Mont of the dan and of this 

drug  i''.  oM'.'-iiie t   '. y ••.':> '.»iu"   C-J;O\/'-1 ;«     bow'-VO;;-,   tin; p.Vint  '"in 

be cultivated  easily both  J.n North at* well  US South India. 

Tho plant has been found to grow in dit feront types of soil. 

The plant thriven b< ,/,¡:  in   sonny  lea.;   /ed I ••. ! rained soil3. 

Tho l;.nd   .should U_ ploughed tw Í. <-•.->  in th*? nonti» of April. 

Whan the  soil  becomes    well, pulverised,  the  field should be 

well  levelled.     The roed?,  uhonld  be t;o\/n in  rows at    a 

distance  oí:   3 umtrr-,.     Át   e--', eh  row p'.t:.j     of   30 otir.  x 30  ana 

should  bo dug  and two  batirte  oí.   •ioli   retten  iornyeri manure 

should  be mixed.     ¿ee'U.   niouJd  be sown   in thr» month of 

May and    vine.     Uowuv-.-r,   iJ;.  c n .A1;;O be  .^own   in 5 ep torn her 

after tho  rain:-   but   the  growth will be  poor.     Soecìu  should 

bo  sown  at  a depth of   .-jbuut   3.0  to 4.0  oris   in  tho  üoil. 

The  aeed.    at art  gor.*!.-\\.iri'i  a t >r   Ì-S   by:;,   Oie shoots 

appear above the nro ind   in  about lü-lr>   h_.ys.     About 2000 

seodo are requit"::] for p Imitimi pot. Ivctr.re.   When the seeds 

are .'..toi-eì for too loac  tiiuy loo:,c; t!ioir viability very coon. 

Therefore,   • v. L y  \-f.;,^   fresh  rjeirdü  .diould   be  usad  for planting. 

Ao  coon at;  the   vine's   start   proving,   they should be provided 

with support of.  ût  loa:;t 4   ft.   toll in oak r to allo w the 

vi;i«n to grow with flowers   end  fruits.     Flowering starts 
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from middle o:"   Jec....-.".. er ¿¡nJ  continues upto :»ay.     *>eptOi.i.jer- 

Cci.c cr planted  cix-p   ¿.'io'.a'i...   1   tt  i.i ¿....iUury.     Pod  i'or,r..:.tion 

s'c^rt..   : '"'¿en.   . •.•oat   J.'j   uo  .. •   J..ys   of   f lov/t .. j.rv;   . n :   t.;.?y   : et 

matured  in the months    of  April  apd üay.     Ir. Joui.lv-in India 

tv/o crops  e. y, r ctn Lie obtc i ned«     The poti,   a."0 harvested 

as  they mature.     The leavsj ùì. L.  go.-ieiwlly affected hcrvily 

by yellow mosaic virus.     Aphidr.  a li-o at.-.ck the plc-nts 

decreasing the crop  yield cons i.s evenly.     D ¿pond in y upo.-,  t.ie 

nature and fertility of the  soil on average yield of S-lO 

quintals seeds per hectare nay bo procured.     The crop 

require.-  5 to 6  irrigations.     :;owcv-'r,   depending upon the 

we:.tlv..L   conditions,   2-3 times   from April  to  June  and 

2»3  timei      from  Oc-ober to ¡larch» 

5.7,2    Process Description  :  A brief  description of  the process  to 

be  employed  for the  extraction of    L-Dopó from Nu cuna prurita 

seeds  i'   given b low.     The flow   chart  appended to  this  r«port 

indicates  t.io major equipment   required  for the particular 

pro duct. 

Pulverised   (20-60 nesh)  MiJC <:ii\  P.aJ.-lTA ¿eeds   (black variety) 

are  extracted   /ith  1% acetic acid solution containing sodium 

metabisulphite.    The- clear extract is  concentrated under 

vacuum of 60 nrr. to <.•  desired concentration«     The concentrated, 

liruor i,':  coole.:-. to 3 C ¿or crystallisation.   The slurry 

containing L-Dopa is  filtered.     The mother  liquor goer,  for 

further concentration and  crystallization.     The impure L-Dopa 

is  further purified by recrystal > isotion trom distilled *..'ater. 



S 
b 

m 
u 
¥1 

g 

< 
Z 
D 
Ü 
D 
E 
S 
8 
á o o 
I o: 

IÜ 
o 
o 
A. 

O 
lü 
Id 
</> 

OLttOOOUt- 

8e 



'•!9 

5.8 

! 

5.9 

DATI IR A ;inr~t. 

Dfitur-   mot'--     -••-,   ¿¿, . ¡.genou-;  to Mid ¡lc-LVy.t   \fr.tc,.  .md   found 

grow.i.no uiiJ   in    l3,..on:it  p.'rt:;  of   Eqyvt,   jir.'ii,   Ircij, 

SyriVvl,    IP. !in   -it.  t    Pt.M.,^.,i!'i.        It    Í; ( ' I! 0'~OV/í;í<, tno:;c.ly   or 

waùtc   I..rid:.,   in   i;iq l\,l   , n !i.-Li. J..1C   I   ... The plaint 

is   ólr,u  cuJt i" . t.-'   in  r.irt.'ir,   Can. pp.-n  coniti: io. .     The 

Cultiva'"..ion   p'.'iiv.i-     h-V'   i íJ. ri     :o\ i •! o<  e :    XP    IrrMa.      KODCVOr, 

no commercial plantations  have- been established,     in cune of 

cultivation,   the plant Can be pror.ug.ited   through satino. 

Seedlings are  r.-i:;ed  on r. iv '•  bod    dnri.ig   the monta:;  of 

May  t.no   Jun^-i  or. i   ..J..uted   in   tin    liei I    . iri,^  ¡tiny   ..«.^on 

in Jjly-Auqu:Jt  v/hon t.:<jy .-.re  4-'  we«-k.<¿  olà.     Seed) inga   nre 

planted  at   i di..t..me-.:  oí  60  cm3  in  rows  which  ,ue 70-8O  ans 

apart.     No ir   ig, Lion J :;  rcvuinr.:    uring  tho iv.ins.   liov/e1rer, 

2-3   irrigation..    ,r      i:o^r i   .,iL'.«r  ti: e  r.iny sea: on ir,  over 

during the month::.  í ron Oct-über  to rieren.      The  crop  is   ready 

for hai. centina  .nom o tina    during the month  of  October  ./lien 

it   i:;   in  llowerr.     U   VCî   .-J.   nr./ith terminal twig:;  ore 

picked up by ;Uc,li: ut   l.n.U< .      r.nr.:    üueh  crops can be 

obtained düBlng  the '.rowing periti of  nine months.     The 

leaves aro dried  in shade.     A hec are of   crop gives lOOO- 

1200   kg   ¡rie.'   ,  . .^ •..       ,-A.r',  u.4       <.;. 6v„ ti;t,il  all;., lobi;/ , 

70S of  vi iici i   1'.   ;:'/cucine. 

RAUWCLi IA SEKPIirJ'. lh'A  ;  Tt." pi ont   is  .:rcct   ührub indigenous 

to  Indio ana   u-iiujladerii.     It   it,  ïomv:   nrtjwing wild  in   the 

foreots of  Utt..\r  Pr.idesh,  perte of   Hihar,   Bengal,   Assam, 

Andhra Pradesh ond. iteralo.     Mo^t oi the present requirement 

is  obtained  from wild growth.     Very few commercial plant- 

ations have been established.     '.lowevor,   it has been shown that 

the plant cm be grown com.norci.ally» 

*•*•* 
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5.9.1    R. serpentina is  a  tropical niant and t,.riv,s well   in hot 

humi¿  clim^e.     Plein:. o£   den^l.   ;s.;am and the coastal aroas 

in Kera. if TW.i.Uv,i-i  ani Am nra P-adesh are   ideal  for 

cultivation ol  this Plant  in India.  The seca:    uro pitted  in 

flats or   raise l  beds durino tue ,*»&\*  oí i-.ay.Jane.     These 

germinate •-ithi-,   •>  period of   15-"0 n.,y5.     2-3 month« old 

seedlings ere t .,.^planted  in July-Aucpi.it at a   usance  of 

45-60 ans  in rows which »re 60-70 ens apart.     The  field   is 

kept free from weeds by regular   interculture   end the crop 

is harvested after 2  year...     Roots are dug,   washed  free of 

soil  and dried   in  .van.   A brotar    of good crop  ci vea 800-1000 

kg dried  rootc   containing 0.6   -   1% total alkaloids. 

5.9.2    Process rescript io»  ¿or :---^rPinc  ;    A orief  description of 

the process to be «ployed for the extraction of  P.eserpine 

from the roots  of IíAUV/OLFíA SiUiPariTIHfc is presented    below. 

The flowsheet appended to this report  indicates* only the 

major equipment  r.3¡-.uiiod Cor tho p.uticui.ar product. 

«««•.faction and  absorption  :     Cut   ^.uwolfia  roots  are 

attracted with 10% acetic  acid   sol-ition in  a  battery of 

extractors.    The extract is then passed through a  battery of 

absorbers co..taining ion-exchange resin.     Alkaloids present 

in acetic acid extract n::,* absorbai  in the  resin and the 

residual wet::;.-.  ç,oe:,    tor /(.covery cf acetic acid. 

Elation und concentration  :    Absorbed *l.:¿loi^  ere eiuted 

from the  resin by alcohol-chloroform nixoJ  solution containing 

dissolved ammonia.     The eiuate     is concentrated at 40°C and 

60 mm.   Hg pressure.     The resin  goes for recovery and the 

alcohol-chloroform mixed solution is recycled. 
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Extraction  ny t ;'tù.:. ic    .cid  •:.o.atloa  aixi  chloroiorm   :  The 

concentrated   jjuatf   iu   ve-jgfco'tly  t.<. •-• '.co  at 40~50°C with i% 

tarta-lc ¿veri solution,     ""he tartaric  extract  i.-;   -ub¡r, oqiently 

cooleu   : nd  extracted   yitìi chi oro! our:.     The chloroform   ext r.: et 

is   .'.r U".1  uà-i  cc-iC 'PAt^t ,i  •.;•.: 4o"C u:¿ c   IOC rr.r-.   lie*  procaro, 

l'ho   •£>„•:.:,•!•.-: ..xi   ci a o:: j.í '••.. •.-   90  r-    fo;.   j. o;, e. 

Extraction by ;
;OU.L ..IC and cry.' ¿ li i.-, ¿.tic:; of  crude  resocpine : 

The conc-a'. r¿. teJ  chloroform i\?;,i-..a.;   ¿:; rope, to.:ly  e::t:acted 

v/ith '.•<ei;z--'iii: at. Co  c     The  benzene extract  is  concent r. t>xl 

and tt»3 recoven..'   ¿Hp.tr .ne rjoa::   for   ríju.;e.     The residue is 

dis -olvcJ  in  :;':.'r>l  alcohol   -»nd  the  aclutio:'.,    .¿ft».«r   filtrati->n, 

ir.   allov.'od  to ciry;;. al ! izr.     Th<.   r:.l.:rry  ir   filtered   for crude 

(tcchnicrl)   renetp^.r.c  ani  the  alcohol-mother  liquor   is 

delivered  .Cor  i'jriluír tr: atrent. 

fiirif icatlrn of  ro-:. orpine   :  Technic:.!   restine  i.c  dissolve'} 

in  acetone»      ¿'¡iti  ; ^.ii-"... .r4i   .i.t.'•:.."    ict/vateu   charcoal  tr   -tmunt 

and  liltrvcion,   -jüCj   í:oi   cry: t-....l   taction.     The slurry  üí 

filte.  x)  .'or r •:::•_• ni ine  un.   the mother licuor  i:,   delivered  for 

further trcatrvr.t.      riltured rev. rp ine ic washed and  dried 

•t  40-45 C unkr   vacuum. 

5.10        LIQ'JCtViCS   IGLVCY.. MIIZAÌ 

5* 10* 1  LicoriCí»  i.      Ott. i î ..-.'   ^i'crn --jricu   .. ,'n/;.    ->nd   Lriisorue..   of 

Glyc^r't;jj?.a gl«¿b;.'¿-   (í¡:..'Mi.::i ¡.¡.co-ic)  oc cy^l^ra vai. 

gland)le:>.r.!   (r<iu:-.-.ia^ Lico-lce),   ta-- plant  ir;  a  perenaial 

herb   indioe-iaa.    :o  T :¿:.'.y,   Or .¿el.,   di'ae,   l.-iOi."  and   '.I\3.,.-L. 

Most  of  t-.i.o LinuoriC'. of cammerce  ìL   obt inod  fror Turkey, 

Iraq,  3yrio,  /.V;oanJ£,t;.i,   J3.:. and .V^ein,  where  it   Ì3 found 

growing     • wild  in s tni-aricî  and  arid areas. 
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A¡.  r,á     ,ciriit  amount-  oi  'i.     -'rao.  i;-,  avüablc  fron the wild 

grout i..      ••'.-'•   le/   Wi'ieu-:..!       J..Miai, ion::      i.   "       he"..   i::;t:.. ni :i{5hod.. 

I/jwcv   r,   '.ripari WOT.     }   •<•.<•' . •.- -1     '.^r/t.  ').,:;    "in- ctope.t  tor 

cultiv  t ion o*.     the  cton   i     eo;:nt t i •*'•   lì'to  Indio v/ho-e 

the  pi i 11    };•     r.o*    J o i ;.' en   :       te   uhi.    i."-Qion« 

Rhizom.   cutting,  a--.- oia.it<. .   .1    OUUIììHJ  or i'no  r\ iny season 

at  a    ,. tone»-'  of  70-90 <v   in   row."   -.¡Lcn  arc 90-100  an:;  £¿p;v t. 

The cron    loos   nut  runr1   ,.ur      p((.í.ú  c ;r<;,   except  th. t   it 

should   bo  kupt  ¿ree-  fien     o<.:s   in  n  rly  et --.geo.     The crcjp 

is  rea i y   Lor  harvev-f ino ..line   :-'-3  y  r:.  -.'hen the-  rootii   and 

rhicor.K-       r»     kia,   washed   rt<-     o't ho  £;oil  end dried  in tlie 

eun.     The plant  o rows bet'.cr  i.i .'J end-arid and arid ar< as 

havino,  li  ht  rsoil. 

5« lOt 2  Proce      üoseriptien  ;    A iriot   iuscription of the procese 

to be unployed   foi.     the production of     Glycyrrhitic  acid 

from Cdycyrrhi^u  .jlabra  ro^t    ( liquor: tie )   i-., presento d below* 

The f lo-r. heet  attn.hed  te  '•.'••    r nor .   indie 'tor; only the major 

equipment  r quire..'  lor tho  port leul  v product. 

The pr paration of   glycyr, hit lc aci l   involv.v   numerous 

proco:,- '•:-..     The powdered   ' i;l i cyri hir.a calibra'   root   Ì3 

ext r-. et ed  with hot  wot-ot,   the  uifjoo ar.   "xf ort  conco.ntr<t ed  to 

a  :;m   '.    j> dnrv   , ,( i   i r.. at-,   v.vith     o;.'   »ntr -'. e Ì  sulphuric acid 

to rive   ehe   crudo  glycosi'•.   <v£   glyc   rr hit ic  acid.     The 

glyco:;i   e   ir    Jioiolvo-;   in   -.;eoteoo ,mJ  hydrolysed 

v:ith G/.   ,ulphuric  :,iii!.      ¿n .   ! t  ictio.) mixta  e  i:,  extracted 

with hot chloroform.     fternov. 1  of  tiv  solvent and acetyl, tion 

of tho  re  idae with pyridine    .rid  acetic anhydride,   yields  the 

acid í c. t  t • which  io cry:,t   lulled ^von rnothanol chloroiorm. 
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Oeacetylôtiop. of this ¡nòte-rial v/ith methanolic KGH followed 

by precidi ..tio;. vir'- ayiron-.lc.-:;.': ac.:.I ¿M crystallisation 

fron methanol   chloroform  g i vor-,   cha- title compound. 

5.11      3B!MiA 

5.11.1 Senna consist:;  o£ dric:i leaver  an.I poi.; oí  Cassia acutifolia. 

(Ale;:--¡i:"!ri^n  .3onud)   or C angusti! olia   (Tinnev -..11 y 3-nna). 

C. ecutl'olia  ij  found  growing wild near the  :iilc  river  in 

Sudan ani part-,  of  Egypt while   C ar.gar.tifolia  ic  crowing wild 

in Somalia,*;^   Arabia  ani   India.     Most  of  the Senna cornei; 

from vild g row f.   in Su-Jan or t ho  coltivatori crop  in Southern 

Inaia. 

In   Inaia  it  is  adi: ivate.: irostly  in tVv- di.-trict of Tinnevelly 

.ma surround ino .-raas,  mootly a?   a ^ry lan-I crop v/ith or 

without irrigation.     Hoover,   it  ic scrretiirio-..  also cultivated 

in wet  land  aat^r  a  crop  of  rico.     S e'ids   arc broad c sted 

or  J ri}-, "i led  in  coil   at the   r~ta   of  li  uq pc • hectare.   As 

the seed coat   ir. tough,   it  ¿c generally damaged by pounding 

with i mixture of sand.     The crop  is  ready for harvesting 

after 3-4 month .     Wh^n tho leaver  aro fully grown they are 

strippe-.? by hand.     Another crop  of    leave-,   ic obtained  after 

another Month,   ;,.t.;r which the crop  is alüowed to mature 

end  the pod?;  are harvested  at the end.     The  leaves are dried 

in than lay-re   in shade,   while the podn are dried and beaten 

to  remove the  sfed.   On an averse about Coo  kg dried leaves 

and abc't iCxD }-.g pode per hectare are cbtrine;'..     However, 

under rood men. cement 800-1200 leg dried 1 aver, and 150-200 kg 

pods can be obtained.     The  leaves  and pod    contain 2-2.5% 

glycoside*.   Alexandrian Senna ic   g-ncrally  .-richer in glycosides 

than Indian Senna. 
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5.11.2 Process DeacrlTjtlon  »    A b-ief description of  th.» process 

to be employed for che production of  Calcium sennosides 

from Senna  lc,c-:£/pod  i« presented below.     The tlowsheet 

attached to t'iis report  indictee only the major equipment 

required ::or. the particular product. 

Senna leaf/pod  is extracted  at room temperature with a 

suitable solvent.     The  extrart is treated with a calcium 

salt to precipitate calcium sennosides.     The slurry is 

filtered and the 3olid cake is wa.hed,   dried,  powdered 

and pecked.     The mother  liquor ia distilled for solvent 

recovery. 

5.12      STRAMONIUM 

Stramonium consists of dried leave;;  and    flow top of 

Datura stramonium often  called Jimson' weed,     it is    an 

annual herb indigenous to Caspian sea and has become 

naturalised in Europe and North Ame-ica.     The plant is also 

cultivated in Central Europe and South America,     in India 

most of commercial supply cornea from Kashmir Valley where 

the plant has been found growing wild on waste lands as a 

weed for a considerable period of time. 

When cultivated,  the crop is  raised from seeds.     Generally 

seeds are broadcasted or dibbled.    After germination the 

seedlings are planted at a distance  of 60 cms from plant 

to plant in rows which are 70 cms apart.  The crop can also 

be raised by raising nursery and transplanting the seedlings 

after 45 days.      The crop planted in March-April is ready 

for harvesting during June.     Leaves  ôlonejrith the twigs are 

harvested and dried in shade.     The dried leavri:;  contain 
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tot fi   a A Kit Ir.1 J'I:,  'ijjtü 0.4   -   (•• L>/¡>,   Ow-TO'/» of   wiiicii   iü   »tOM.ly 

Hyoaf^ainine wi ^  ¡tü-JO/i ¡¿YO-CIP.^.     On  nn average about 

100-8OG   ¡:q oí  dried  leaver.   ,v ^    .bt.iiruid   Crom a hectare. 

30LAUUM SPECIE   :     A group  o)   Solanum  spocics containing 

steroidal  al ko Luid Sol'.ino i íiiv huv-o Leob cani • iderod 

en altern-vte sen reo íor sterzo î •!• .1  drutjs during the recent 

yeare»     The :-.pecios wliicb h;;ve bc-n re-ported to contain 

Solar,odine,   belonci to both tempii,   to  <\r, well  ¿IG trop led 

groups« 

Only the tempérete    spurio:;    )> v    beon exploited commercially 

to certain extent  in uome  Sisrop". u countries;  mostly  in 

USoR,   Czechoslovakia  emù     llu;.<i  ty.   ThoLie  include S- iaclntium 

nnl  the  re.ic.tod  specie'   5« avi cu lare«      In these üpecior,  the 

alkaloid  ir    líutributed tl.rou-.ivju       ti .e plant and  both Iahe 

loavcu   i i w^ll  a^  ber rie.-   ce it   i:i  appréciai.1 e amount  o£ 

active  constituent.     Only 1-• V'-  ute expl »ited commercially 

for extraction oí:  Solado -ine,   a-   ;:-3  crop"  can be easily 

obtained during th«; cropplm  :J'••'*..on« 

The plant is prop;; net ed through i->< ody.     3eeda Eire either 

directly pl.¡nte ;   in rows or    -oil. inns   ar<> raised  in autumn 

or spring  and planted  in  <;•. ilv ..,->rirui o.   summer«     The 

sec?dlings  are tr-m^plcintoci  «..•!:   a -lj.r tunco of  70-90 amo  in 

rowa v/hich     r<   90-100 cms apjt.     Se*».Ulng:> planted  in spring 

give the firrt crop ot   leave-  in oorly ;;umroet.     Two more 

crops  of  leave:.,  arc    o» taine ' beiore the onset of  Winter« 
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The plant reruircs  liberal doses of nitrogenous  fertilizers 

in order to get optimum yield of  leave.;.     It  is also 

effected by a largo number of  insect peots and effective 

control measures hüv: to be taken  in order to get an economic 

return.     The plant has  }>een tried  in Kashmir Valley several 

times during the last ten years  and  it grov/s well in that 

climate«     Hoveier,   its  cultivation on commercial scale has 

not been possible because of  low yield of  leaves and low 

Solasodine content,   which is 1.5%.     A hectare of good crop 

of Solanum yields  1000-1200 kg of dried leaves.  The leaves 

contain 1-1.5% of Solasodine.   Although the crop has been 

cultivated  in East-European countries,  the acreage has gone 

down recently because of a large number of virus diseases 

which are becoming a  limiting factor in cultivation of    this 

plant. 

The Tiain tropical species is 5. khasJLanum which is found 

growing wild    throughout the  Northern Indian plains from 

Himachal Pradesh to As.r.am.     It is  an annual herb having 

thorny leaves,   stem and  yellow berries.   The berries of this 

plant have been reported to contain    . 5% to . 1% of 

Solasodine.     However,   on an average 1-1.5% Solasodine has 

been obtained.  A large number of experiments have been 

carried out throughout the country for cultivation of this 

plant in the North as -./ell as South and some pilot-scale 

plantctions have    air ¿dy been established.     However,   it  is 

not possible to exploit it comr.ercially as a source 

of Solasodine because  of  low yield of ber:, ies and low 

Solasodine content of t he comr.-.ercial crop. 
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The plant if» prop-.c-'^uü throur^ no; i°.~     ..<   .'i.vvr;-. .->.re 

raised during the months oí îicy und June end planted in th;: 

field when G-lO weeks old,   rjo.nocimf:-   in iTU2.y-Augi.i-:':.     The 

caodlino.; ;:re pL  :-'• 1 &*•. a cUst.-mcc oí 4j-Go ano  in rown 

which ar«2 60 cr/.a eps*"t»     The r-xp  ir¡  be;. >  L,i?o Crcv, woods 

fcy frcç.iPRt iutercultute.     ¡'..'.»over,   *A;r.y little irrigation 

is requirod in r-toctrjjrn India, ?t>  it i.r=.  ^.'w in rcdi^y 

season*     The cr->p  .Ir;  eff^cte1:! by a Ir.r-^t rvurber of:   insects 

and diseases ami this.-,  .is one .,•;" the li:,; ¡. :.jo..   .r.uc.Uo:.a in 

cultivation c^  chis    crop  ¿p< dally in  ''ertben IrrU-u 

The berric3 are  ready for harvesting seta;, timer,  in November- 

December.     A bsctôr.*-*    o£  con crop  jf 3, k^oni^n"«) yields 

COO-3QOO ki dried bcrric;   c r.tc.ining .1-1.!;.% Sole-.«oaire. 

Ilowovor,   t'nete lie.' •• !. c-jn  -'•-,r>or;li:'.::nt>..l plant. tic:ib  to ahow 

an yield an hiyh *-.:;  ?oco >tg pe- h< ct'are.       do of the m-iir 

limiting farto.: - J..     <] ':iv tion ...    '.. .j .,    CLOP ij pre3«ncc 

of  v.  larç/; TY:.••'..'IL-  L-L   th"~r~r vM'.'i   r~.]:<•• b   vv->- lag  very 

di£ricu]i..     c Vr rcj.-'.c'!  r,;>?cj.<-. -;¡-.iCi) ; - ,-o"  ¡ ••.•&)'  reported 

to contain riolaGodi-.-,   at» a.^i;^:^..!,   :v¿£5L2J£LÍL c'rul ¿- 

X'tnthocn rpum« 
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Conclusions 

1» In view of the relatively low cost of medicaments used 

in traditional  systems of medicine,   and the dependence of 

large sections  of the population of developing countries upon 

such remedies,   it  is  necensary to take  step.-,  to include them 

in the medicare programmes oL  these countries wnich would require 

(i)  standardisation of the production and quality control of 

important medicaments,   (ii)  evaluation of the safety of drugs 

that have to be administered for long periods,   (iii)  clinical 

and biological  evaluation or drugs for which evidence regarding 

therapeutic activity iff  insufficient or doubtful,  arri   (iv) broad 

spectrum biological screening of plants. 

2. Since plants are an  important renewable source of drugs 

and other chemicals of economic value,   their cultivation and 

production of  their active constituents would be of  great 

economic benefit to t.;.e   icvolopiuy countries and should be 

promoted.     About a 3core of  such plants have been identified. 
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