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I. SUHhARY 

'Ihe basis of this report is concerned with the as~ects of the 

instrume~tal equipment at the aDRL, bringing it up to a position where 

the instrumentation meet modern requirements for a research labor~t0I"J· 

Secondly the setting up of a working prograr.ime to be continued in the 

coming years for the screening of plant material which have ~een selec

ted for investig=tion was of importAnce. 

The conditions in Nepal are favourable for the starting of small 

scale production of plant products. However, rigorous stn.~dard methods 

for the control of the products must ;e develo~ed and a_pplied if these 

products are to achieve a market. A UNIDO expert in economic mapping 

has started a survey of ;re!Je.l and his investigation will naturally be 

the ~asis for the plants sel_ected for cultivation or collection. 

However, it is my opinion thc:t RDRL should carry on wit!: the collection 

of the esrential nlants from all ovP.r ~Ter:ial to establish a Nepalese 

standards (i.e. Cortex Grenati) now that the necessary instrumentation 

for phytochemical •·10rk is ?resent. However, whatever rich the flora 

of Nepal may l:>e, the amount of work necesi:;ary to esta>,lish own standards 

must not oe underestimated. 

'Ihe biological depcirtme:nts of the RDRL are the ·.o1eakest 2nd most in 

need of future strengthening. 'I'he:~efore some of the instruments have 

been chosen deliberately to enable the ohemic~l dep~rtmerts either to 

provide the section of .r_Jharmacolog"'! with purified ext:-~ct.;; or ''Pure" 

compounds - or to analyse more thoroug:1ly any extr<>ct showi:i.;. ;iositive 

pharmaeological effects. 

To replace imported pharnzceutic.sl ::iroducts '·:ith bdi[enous drugs 

require extensive pharmaceutic:;il/pharmecolo~ical te~tbg 1•1i thout which 

no success can £?!:, will be achieved. It is therefore stressed that the 

develo!J?lent and production of medicine ~ased on indigenous ~at~rial is 

a long and tedious process. .1DRL being the key ls~or?tory in this the 

development in Nepal certainly will need long term sunport to achieve 

the goals set by HMG. 

l 
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Specifically i~ also :::e:tioned the neces!5i t;; of ~ cooper~tion •oJith 

oth<'?r universities concerned with rese ... rch in phytochernistry. Such a 

con~e.ct could le2d to a joint Ph.D. programm~ ;:-nd f'cilitcte the 

exchnn~e vf Ph.D. students. 

To enable ~fepal to enter the market of pe:rfumery chemicals a 

number of essential oils are investigated. Total oils or :.cuts'' thereof 

may be successful products for r.iepal in the future. The programmed 

harvesting - distillP.tion snd analysis being done at present will be 

carried out into 19B5 and should provide RDRL with necessar; d~ta for 

product evaluation. This programme will be extended to other pl~nts 

containing essential oils. Instrumentation and methods for essential 

oil control has ~een est3blished, essential oil sta:-1dards have been 

evaluated .~nd a good start in the field of essential oil evaluation 

achieved. 

L~ the field of pharmace~tical drug control the instrumentation 

provided should be sufficient for efficient cont:::-ol, however, post

graduate experience from ot'.:er drug control labor:?tori~s is urgently 

needed for the officers. Furt10r-more support from tJ?!-experts is also 

stronf,'ly recommended l.Jeca'..lse the concept of st.<>te drug contro~. is 

depending upon international c~operation to ~e of any use to the countrJ 

it is a"lplied. It is therefore necessar- and recommended th?t regional 

coopero;tion between Nepal :ind Sri A'l'lke, 3hutan, ~a"l~;l3desh, Burma, 

Theiland, India, Singapore, !'-blaysia i:=; esta~:!.i.":.._e:i on a continuous 

basis. This cooperation does not only concern t'.-.e ?. meet of :iruir 

quality control, 1'ut should also include the esta'~li~r.merit of small 

manufacturing units ~~sed on indifenous plant material. 

Concern is given to the nece~"i ty of hc:.·:ir.g :i r"gule r su~~ly of 

chemicals, vector gases and continuous supnly e:ectri:it·.r '1tithout wrich 

the work bein~ done will turn out to ~e extremely inefficient. 

':'he regular meetinJ;s of 3t;;f'f (every week) •:1hich are initiated 

to discuss problems occur~ed will furth~rstren~then the cooperation 

~etween sections. 
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It is the opinion of the ex,ert that RD~U. has been considerably 

stre!lr,thened due to the input of instrument~tion and to the disc11ssions 

~.rith HD:U.'s officers on the plcnni.-iB of rese<·rch activity. A:; pointad 

out research in the field of d::--..:,:- ·--~· erue; ,.,rcducti'ln is a lO!lt_:'-ter.n 

undertaking 211d need tr.~refore long tenn suprort. O':>serving the nead 

for ~~enal to develop production f:::acili ties f,.,r c""!eauer druf".5 this must 

~e co~sidered a lauda~le project. 

·-= i.;crc:lse in the speed by whic!: the :ioytl Drugs ~ksc:-.rch IaborP..tory 

turns into a modern drug reserrch l5':·or,,torv iarF"eb• de~er.ds upon a 

continued support by the -::m ar,:-encies. As pointed out durinr, numerous 

dizcussions thP. developing of accepta~le drufs is never a short term 

project, but takes many years to realize. The exriert will therefore 

most strongly recommend more sup~ort to be given to RDRL. 
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RECOi ~~"Di- ;:rn:·.s 
~---·----

1. ~:G of Ne11E.l has decided to start a -:::ro,'1:ramr.te to :nake the cou.'1try 

self-reliant of t"h-: :•essenti -1 ~!"".lG"S 1' in the fut:.ire. Such a 

progrc:nme, which i:tu2t be supported, i::: a. long ter.n !Jroject :-rhich 

will require exte.-isi ve sup~rt by the United : a.tions in the f::mn 

of expert assistance, purchase of equi::iment as '.•ell as sup~ort 

for ..,ost--;r,,.duate studies. 

2. :'he analytical 1ep2rtment/quality control must be further streng

th~'.'led re'.:~rdi...'1.G the a."lalysis of drug standards. r.!ore trai...'1.ing 

in projects, ':her:? a close cooper:ction between the ph.?.macologi' .1 

a11d anal~rtic2l deuartment is required, is necessary. 

3. 'i'he clo~e cooperc.tion ':>etween herbal f."'rms and the central labora

tory sh ... uld be continued as this is necessar,- for the evaluation 

of ':he essen':i::;il oil production. 

4. :~E efforts must ':>e concentrated on the problem of continuous 

energy supoly without which the work in an analytical laborPtory 

becomes very difficult. 

5. A su~~ly line for vect~r iases and essential chemicals should be 

established on a regular '1asis to ov0 rcome the difficulties wr.en 

RDiU. ru.11 out of ~ome ess::::1t5.<. i :~':'!-. A Calc1.i':ta-Kathmandu line 

seems the most obv;_ous solution. 

6. Other es _ential oil st.:md.:rds oug-ht tc ':Je -=iroc'..lr~d from the !!lain 

i:-.ternatior:c.l cor:ipa.."lies dealing wi tr. perfo1:1crY ~:aw materials. 

'!• The standards, which have to be ke;t in tl".e r)friger;:.tor, ought 

to ~e controlled rn.sul~rl~· by GLC-anrl:r2is. 

8. Closer cooperr>tion "1ith one or two uni·r·?r:=iiti~s in Euro~e is 

recommended for the :?Xche.nge of results ?Yld ideas concerning 

rese"'rch a."ld post-~raduate educ-<'tion. 

g. An upd::tin:: of tne lit~rature availo':>h in iie"'.'31 on indigenous 

~edicinal herbs is strnngly recol'!ll'1ended. A com~uter-based 

litere.ture search should be carried out. A revised list o! 

medicinal her~s should be made. 

I 
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10. Extend the contacts with ot~er drug control la~nr~tori~s in South 

Fast Asia. TI-tis is most essential fer t:t·:? de't"art:ne:-:t of Drug 

Quality Control. 

11. Maintain a stock of "essential drugs'- at the ?.D21. and continuously 

check their purit: . 

12. -:'rai.'1 some of t!le officers in in.str.me!'lt mc..i.::t,:n:::-..ce. :•:o:-e tha."1 

one person must have this as r.is/h;::r resncnsi'JL:.-:y. 

13. Continue to keep the ane.l.ytical result on t~e com~ut~r file to 

allow easy access to :"rcvious re.su::!.t on drug anal:•sis. 

14. Keep records on the usc-ge of solvents for t:1e ru>LC as this will 

change the purchase p~ttern of solvents considera~ly. 

15. Fncourege the officers to have weekly ~eeti.~gs to discuss problems 

r~g~rding their res~·rch projects. 

16. ["fake a programne for regul~r m~intena.~ce of the instruments. 



- 6 -

III. JOB DESCRIPTION 

To develop further the existing facilities for ti1e production of 

plant derived pharmaceuticals at the .:1oyal Drugs ~esearch laboratory 

Kathmandu/Nepal. 

The expert analytical chemistry/quality control will be expected 

to conduct quality assessment on pha:=-maceutic~l rrocucts. 

Specifically he will develop analytical methods for determining 

the content of active ingredients in ~edicin~l and aromPtic pl~nts 

and all products prepared from the~e plc-nts. 
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IV. ::;on·: OF .i.''.:l:: .tSFC~·:' ----·----· 

1. It is t::e ~olicy of ril':G to ma!Ce Nepal self-reliant of esse!:tial 

d:-'.lgs. Th.: foreign exc:::mge resources does no·- :ierrnit the acquisition 

the b~.sic needs of these essential drugs. One way in which this situation 

can be met i.3 in the develo!Jl!le!!t of pharmaceuticals derived from pl."''1.ts 

used in the tr.~d.; tional systems of medicine. 

2. _o utilize !'l.":tt derived phrrmo>ceuticals or chemical prod11cts 

the st~:ld<rdization of ~rnccdures an~ techniaues in the preparation of 

s1..ic'.1 extr~cts wo•1ld ":>e a fir.'."t step. In order to ensure the wide accep

tPnce of extr~cts ~y he~lth aut~orities in ~oth develoning and develoned 

ccuntri~s it wnuld ':le neces~ary to ensure the .:'nllowing: 

a. Authenticated plPnt material of uniform quality 

~- Strict ccnfoniity to prescrioed/preaertermined methods 
of extraction 

c. Rigid control of quality during all st~ges of production 
~~c in the finel products. 

These point must also be stressed '.·!her. rese.-rch on pl?nt 

material/plant products is cPrried out. 

3. The ~yal Drue;s .tese.crch Labo:-c:tory n;:is a sdit function -

one ~s to carry out re'-· arch into the usage of i~di~inous pl nt for 

drug production and essential oi:. pr0d·.:.ction - t"'.e =:econ<" one is to act 

as the national drug control la~or tnry. F<'r t::-.ese t·40 oper ·tions 

1'ack-up of technical main ':en~~.ce are nec<;>s::;-· ::::-:r. : .:r op r~ tion therefore 

started up as summing-up of t:Ce st::iti.4.3 'J: t1-,e ?.D:tL reg rdi."l~ analytical 

equipment and discussions ·!it!" counter'r-rts a;:::! t'?ci'.nic<l eX!)e!'ts as t" 

'.'low we best could imt'r,,ve the facilities. With tr.is aspect in mind foe 

list of equipment 1.1as c'~..-11e<?d to 118tter suit th~ immedio-te :irol:>lems to 

be snlved in RDHL (Fe?ru.?I':; 19?3). 

Since the functions of the RDRL must cover reseerch !PA 
national drug ccntrol it is im?ort~nt th~t the investme~t in instru

mP-ntetion shnulc' cover equipment to be used for l:loth purposes. 
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for an?.lytical, instrume!ltal einalysis. Three l.:.rge rooms h.:s been set 

aside for this section. Thro of the rooms acting as a la".lo~ _to~- !'ld t'.':e 

third one being used as a tempor,,rv si:"re. In view o!· the Let t'.':.at 

L>rger extra analytical instrumentetion would be ·;:ilaced on order a 

rep:iinting a!'!d dividing of the third r0om was disc•1ssed. ···ith Dr. ~.R. 

Adhikari 211d Dr. S.3. Malla. As soon as the i·ie-:-n:le:>e fisc.?..l ye, r would 

st3rt this third room would ':le mede re;:idy for new instrurne!l;:ntion (July 

1983). As instrUI:?e~ts like computers e..;.:d Fourier il-.?nsform Infrared 

reruires reasonable dustfree surro•mdinps it is 

at le~st one room ~e kert ~t th2t stcndFrd. 

importar.. t ths:t 

The third roo:r: \lc.s then divided into two w:iereby one p<-'rt was 

to ~e tre ~lace t0 ~ut the microcomput2r 2n0 the Fourier Transform 

i':icroproce::::sor, the '.Jther ·"as i:1i:ended t-:J be storage for snare -rFrts 

for ":1-:e 12r.'<:•r i!lstrurn~·:t.':. The three rooms are all equipped 1 .. ith air

condi tbners to e'."ha!ice ":'-e sta'Jility of the analyticRl instruments. 

:he section of instr..mtental a."l.s.lysis iias ;:lso c.:rrying out 

simple !'!l":~.sureme,.,ts like pc det. nd routi!le spectrophotom~tric ane.lysis 

re·:::..ired '-Jy the sect:rm qua:: it-· control/!'ublic an? lys:i.s. After discus

sion "ith GT. ~.2 •. ~dhik.';'ri 9;-:d Dr. ha::.la it was decided to dirride one 

of t~e la1or-"'t-,ries rm t!:e ground floor to m?ke it s•Jita~le f':lr tr.ese 

rr,...itine ''1a 1.:rses --nd t!-.. _-t thi3 ronm ""as to be used 1JY the section public 

anal~rsis/qua~i ty C'.1ntrnl. 

3einrr a l~nr!locked cou..11tr:· .. -ith transport:--tion pr0blems it is 

o':lvious th t the running of a re~earch la!::lo~drir:· will crP.ate prablems. 

Regulcr supply of vector Gases and :hernicals is crucial to a continuous 

op~r?tion of ":~e :a~orctriry. 

Zven ·.1ith the best of pl.:'"'"Uling it is inescap2ble th~t a 

shortAge of sun··ly- of certain chemic~-ls will occur. It i.s t'.ie!'efore 

of utmor:t im:,iort.:·11ce t'.·L<-,t e. sup'"'ly line from India should be me.intained. 

:'his SU".nly line would al10•·1 JDRL to e;et chernic::ls within 2-3 weeks in 

co!lddered nee Jsser-1 ?y the expert • 

. ~.t the sc.me time a ru.:.ning of the store in a more efficient 

wa:r will also 11ecorne a neceic;sity. ~o assist the adrninistratl.on a 

micro-cor.i!Jut·)r "thich ,.,,.,u2.d gener-"te stnck lists wl"uld be necessary. 

l 
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Another espect considered under the h.::<>dinb s>m.,:-.'.'l pr-::c::•.:.tion.~ 

i3 t!'le co-ntinuous sup::ly of electric~_ ty ( 220 V, 5c=:z). In t:-te spri!lr;: 

ic~3 only some breaks du1·ini:; tr.i:? wnrking hours '1ccured a"'.~ t':e nro!--le~ 

was not c1:insidered too serinu.s fnr ~ 1 e out"'.'ut of the resi_1lts. :::c"•·ver, 

di.;.ring the pre-monsoon and tre monsoon piarioc, t11.e si'-uation 11eceme 

worse .:ind irregular breaks in: electric.; ty everr da•r was eXP'?rienced. 

This kind of irregular po1.:er supply is disastrous to instI".lIIle,..tal anal_ 

sis. It seems a,solutely n.,ces~az:r to i1»Ve a gen2r<-tor as a :im,er ,?ck-up. 

I".ro ;;ener~ tors have ljee"! ordered, ho'.·:e•ter the one b te!'!ded for t'.i.e i!lstrt!

me·~tal section hes to ":le ~edified to ,e suitr-i':'le for ?20 V, 50nz. ~is 

!1:-.s Oe~n Oiscussed ,,,i th t:'"'..e C?!~. 

-
Through discussions with "':h1~ coun.':erp.::•rt, s surve;r of the lal:lor~tcr:r 

f: cili ti "!s and di scu~si~n~ ·.,~.th the technical ex':'.'ert of ph:?.rmacology the 

fnllowinp equiprne"! ts we1·e =''=corr::"'e11r!e:i for strengthening the laboratory. 

1. All round extr~ction \.mi t, sui ta '1le for liquid/liquid a11d 

liq_'.lic'/sol.id extr;coction. -:C-.is 'Anit '!lust be large enough to hanclle 2-3 

kg ( s) m.:-terid/liq'..lii. -::!'.is unit is supposed to be t:1e next sc<:.linf-UP 

from t~e a:.:ounts of pl~nt materi2~ used for screeni"lg at ~ench le7el. 

It will c-l~o ens.ble the h: !1dlint:: of plr:.nt :nctarial in ~mcm .. "lts neces-::ar:'r 

for t::e isolation of c!::emical conf3ti tuents. 

FPO - OG4?75 
Extractor 11/EX ~2 
(J. 3ibby Science Products Ltd.) 

2. A distillation '.llli: l.~rge enough to scale-up th~ oench-le•rel 

experim~-.:ts for semiprriduction scale testbg. .ihou~h esse'1tial oil 

shv'.lld be distilled in this unit to allow distillation time/yield 

messure!'l•~..,ts. This unit should further allo•,, fraction:?tian or cutting 

o! t~e essential oil. 

r.n:roo Purchase Order - 15-3-ii0490 
2 Distillatio~ units (20 1.) 
(Karl Kol') Gmb r! ''. Co. KG) 
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3. i'he pl.:nt materi<i.l to be screened and furt~1er investi;;::-ted wi2.:'.. 

t:ie collected in the wild ":!:" -:>fficers o~ t 112 '.<DuL or '-Jought l:::y them in t:i.e 

local :n"rkets. It is, how~ver, c>J1. a ;s:ilute :1eces2i t7 for e.ny phytochemical 

investig~tion thet ref"'rel'.ce •,1:-.,t -+;- .... ; <>1 ".le kc-nt e.t t 'e -:?0t2::ic-:l G::-rde11 

at Gode.vP.ri :::nd t'.'lat a central r~c..,rd 1.rne-iin; s'rs-':2!'11 be foEo'- 18d up at t'1e 

RDRL. Any initial invesi:ig:!"tion of' her'Jd r.:::.te::-iel :t''..t-=:t st"1rt ••i th a•Jthen

tic materi:;il i.e. material cr.llected fr'?sh. I tr.~r:::: ·!"s rocomne·1d t:-e 

same record keening '?r-,cedure as nr•J1-0s~d ..,,,. t'·c t~c!-.ni' cl eX"i~rt nh<>rm9-

cology. For this re·cord-k;e,...inc the :\.JrtL ''°'.s-- :1se :::o-'e!"!l f;.,;ili ties :::s a 

computer. '.fowever the tec:mical ex ..... crt nrc!.l:;t ical c here i.str~.' feP- l.s th:· t 

t' e nfficers of t'1e ?..D~L should first ')c +-r~i:12d in t'-,e usare of micro

:irocessors (p~rsonal computers) to realize t'1·..: 3c:v,.,11t · · e of computer aid. 

A micro-processor 1-1ill also 'Je a:rmlicc.'- "'...e '::) oth·2r fields conc.;rncd (quality 

co:itrol record keeT)in~, st=-tistica::. c...::lculetior.s and .'?'.enerRl computer 

traini""g). .1fbr d:i.scussion with cnuntsrpart ?nd the technical e:x:oert 

!:JhF!'l'!Vcology, the purch:--se of R second :"P:?Ll computer was recomn1ended. 

APPLE II(e) 
Epson MX ea 
Corvex He.rd Disk. 

4. A:ny rese~.rch labor<:.tory needs a good library. l'he books 2nd 

j oumals prese ':ly av<"il,:IJle ::.t ·the RD.RL cover the field o: am lytical 

chemistry re2.sonably well. Ihe easy aveil::?ilit~- of a copy-:;erYice 

from a lar~,;r li'Jrary is hn•.-rever 1%'.._ki.,..... The ser-rice given to ~.11 

.:in requests of copies from ot:1t=.r res~ :rch instit~itions he:=; ?een s:1..o·.• ::;;d 

ofte::i fails. It may be anticipated t: ... · t t::--.e imp.:'::l'rement we h;ve seen i:i 

the pm;tal services for ~!enal during t'.'-~ i-:-· st :re,1 r m2y h.ove its imp- ct 

on the comrnunicaticn ··iit:i ot'."ar li~r~ri?s. I found i: necess2r-· tt: 

recommend the purchase of ~ome nP.\to" books in an~l~rtic,:?l '::ie!'!':istr"." ?1d 

perfumery sctence. 

(List of "ook ar.ion.:, be annexes). 

5. Vector :~:::ses for Er:>.s lic;ui:i c'.-.rl")m.;.top-raphy. Upon arrival in 

J~u::>ry it was f::iund t'.1::.t n0 ..,..,_ses were ~v il-" ·~1e altr,ough an order 

h.<>d !Jeen '!")laced in ~eptem')vr r~2 for a SU1?"lly from India. ;iaving !1.0 

eX""eri·~'"lce .,,.:. t::1 t"'e eas~r 9.1'. difficult cc)i1:1unications '.Jith India no 

irnr:iedi:::te acti::in was t.:ikcn. :··o emcrgenc~r · .. 10 11ld occur ~til latar in 

l 



t!-~e ye<-r "'hen ha!"'!esti.ng/:::!i::til2. · tioi: ti:ne would st· rt. However as no 

gases !'lad a:opeared in the b~ginning of April plans were made for a direct 

supply link with Calcutta. 

One of our l~ldcruisers were fitted ~ut for transport?.tion ~f 

gas c:rlinriers ~nrf the urmp office in Calcutta given due warning of our 

arrivE.l. .:3ix empty cylinders were brought down to Cc.lcutta. The following 

docurne;: ts hed to follow the cylinders: 

a. Statement of ownership of cylinders and an official 
order for the filling with special gases 

b. Documents showing where the cylinders were manufactured 

c. Document from the Department of Explosives in India 
showing the allowed pressure or that the cylinders 
comply with the general specifications for gas cylinjers. 

Hydrogen gas is not available at short notice in Calcutta sinca 

this gas is only transported from Bombay once a month. However, authorities 

at the Indian Oxygen Company promised us the gases in about four weeks 

time after nntifyine:. After six weeks the cylinders were ready for 

shipping from Calcutta. I cr•nsider this information sufficient to 

conclude that with proper planning g~s c·n be brougb.t up from Calcutta 

within a '.¥eek. This gas transport can easily be combined •.1i th the purchAse 

of cher!!icels as t'-1ese usual:!.:; ~-., ,. 1:-'.'.'·.'.".'!"!t off th~ s':elf. 

6. Following up on the cxtractio:-i units purcha3i::;d, e:quipmcnt is 

necessary for column chrom~tography. '!iiti1. this (;;quipm::1t crude extracts 

can be separat~d into fr:;.ctions or singll~ c".lm;:oni"'r:ts. Any rese~rch 

laboratory has a constant need of ref.~rencc compounds. Instrumentation 

for low pressure liquid chromctography is th.;refore .strongly recomr~~nded 

for the prep2retion of these compouncs. TI!is kind of equipment is also 

ver-1 much applica~le to the separation of a crude pl~nt extr~ct prior 

to biological scr~ening. I'he low-pressure liq~id chromatographic 

aciuipmt::nt h!'.:s a fraction collector to ana~L:: 3.utometic continuous 

op~ration outside the usual working hours. A scperation and collection 

of fractions of crude plant extrects is an op0rati~n that very often teke 
a long time. 

Mul~irac Fr~ction Collector (LKB) 
LOBAR chromatographic columns (E.Merck) 
DURAMAT dosing pump (Chemie W?d Filter AG). 
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?. Equipment for f.igh Performance Liquid Chrom3tography is a 

necessity for any res:e~ rch lE"borl:'tor,, del'l.ling- ... ith. drug an-?lysis whether 

it 'Je governmental contr,.,l tasks ·)!' be.sic rese-'"'rch. Prefcr?.bly the 

i.~strume~t should be e~~ipped with a UV-detcct~r ~a refr~ctive index 

detector. Additional f~cilities for gradient elution is not strictly 

necessary ~~~ should ba ~dded at a leter time when enough proficiency 

in r~ndling the HFLC-instrucient has been acquired. 'nl.e HI'LC equipment 

should ~llow for Analytic~l as ~ell as preprr-tive separntions. What 

is i.J?:port~nt for HDRL, Nepal is the possibility of quick, efficient maintenance 

service when needed. We therefore settled for a Singapore based 

COID!JMY with regul;-r service trips to India, Burma and Nepal. 

High Pressure Liquid Chromatograph 
(Wat a rs Associates Pvt. Ltd. , Singapore). 

c. :istillation of Essential Oils 

For th~ investigation of the indigenous essential oils of Nepal 

cnce the primary screening has taken place at the RDRL a larger sc~le 

invcstig~tion of plant prop~g<'tion must take pl~ce in the herbal f·rms. 

This prompted a visit by the tec~.nical eX".lert - an~lytical chemist to 

Tarhara, netaudc, Tistung ~nd Damrui to ins~ect the distillDtion procedures. 

With the exporience of th.s officers at t'.1e h..::r~al !::.r:ns, suita~le routines 

for hrrvesting Pnd distill<-tio:1 I"': -:. • .. : -::-a "!lrlio::J foll.,wing the gener~l 

rt:o_uire!!l<:nts: 

1. Plants must be collected follo1-1ing " p::-,,grJ'.'!i'lmo '"'nd the. dct:1 

necessary for c:uelity evalu·tion filled in O!" ~.ll forr.:s. 

2. Technical dota concerning t~o di:ti~::ti~n procedures must 

~lso be written on the ~iove mentioned f~r:!ls. 

3. When a scmple of ~ssential oil is tcl<cn the corresponding 

fol'!Tls will be att?ched to it for tr!".11spo:-t to :-waL cmd C.."'l:...lj'ticc.l control. 

~. Sampl~s must be transported in contuiners of 3.luminium or 

prefer~blj glass on which the matcri~l h:s no ~ction. They shall be 

cla::!.n, dr-J, and free of '.lll odours. 



5. Prec0utions shall o...- t~k..:n to prot.:::ct th.: s=.mpLs, the m- teri::-.1 

being scmpl•}d, the sounpling implement '1n::i t:1c cont.:..incrs for sa'Tlples from 

contrunin-tion. 

6. -.ch cont::i.iner 

selected for sf\lllplin~ must be mixed tr.oroug"il::, l;~r s>,..:<inf', stirring, or 

both, by suitl'ble me~ns or by rolling. 

7. The sample cont::'.iners :"lust ~~ 0f .~:..:.ch _.,,i-:c th t tt.:y C'.re ::ilr.tost 

but not completely filled by the sc.Mpl::. Th~ h.::::·.:i spccc; sh~ll be between 

5 or 10% of the volume of t!'le cont."i:;.c;r ".!~pcnr!inP· upon thE: :!!dhod of 

tr~nsport edopted. 

E. ~ch container m'i.<st be s.::d.;:d dr-tight ."'.ft er filling c.nd mc.rked 

with identific~tion p-rticul-rs to rllo~ compcrison with cnrresponding 

forms. 

9. Sc.mpl.::s shc.11 bE. stor""d in c. cool pbce r-nd prot<:cted from light 

2nd excecessive v::-riation of tempcri:!ture. 

',fuen the s~ples arrive nt the centr!'!l e.nc.lytic.:i.l lc:'bor.::.tory they 

c.re subjected to GLC-an.:.lysis. A dio.grA..'T! is !:lede showing the v::riation 

of the m~in constituents-yield ~ith h~rvesting/distillation time. Tilis 

being d:ine ovar the p2riod of one y-::~r will gi vc n. b~ . .3is for detcrnining 

tr.e i,.;st hr.-rvesting time. The nnt!lytic.".l condition~ should be k·.:!)t 

const.'.'cnt s.nd the same for most essenti2l cil.3 i:r1 allo1:1 ccr.!p.-:rison between 

st.".'nd?rd oils .::nd samples. The :mrlysis by 2D.:tL .-md t!-,c reporting bt'Ck 

to the herbal f.:orms is a rcgulPr opi:;r"'tirln ~·rhich will give tn.:: officers 

rit the individual f~I'!l'ls a much needed b"ckup. It is 0f ir.'!port-ncc to 

develop 11 close connection betwi:;cn the f- ms .~ncI the ce!"ltrio 1 nn· lyticrl 

lnl:or"tory. Sspecirilly, 1..rht::n th·.:: nurr.br;r of pl nts • . .;ill incrcnse in the 

future, cccess to relin~le E!1-lytic~1 results will rllow the officers in 

the fisld to evrl11 te th1.:.ir own work. 

To ir::p!'OVC th-:: r•.:sults frr"1r.1 tr.£ ·:xp~rir.?<.:~t".'.l hcrb-:-.1 f~rms, emphc.sis 

should b8 given t~ pl.".'n~ selection -~d i~ this c0ntext ~ore ~id in the 

ngricultur.".'l sector is n~cded. As t~is s~lection of pl~nts is mDde for 
. . re;r.orting . 

thti":ir cssenti-1 11il ".lu-lity, ~r.:;system-est':'bllshed for the Cymbopogon 

oils mu.st be: continued on .:: r<1guL-:r b."'.sis with RDRL also for other plants. 



D.. Q.uc.lity Assessr.icnt in i:.sscnti::l Oil Producti:-n 

To ensure proper ~uclity ch.'."r ~tcri3tics in th~ .s~cnti~l oils produced 

it is nP.ces.c;<·ry th"'t the 'lromrtic pl.'.'nt r.irt..:·ri"">cl be st-nd;:rdized. Infor

!'?l..,_tion on the proper ici..:ntity of ti:e br-..:ic pl-;,: !'.'F't:.!'i'.".:., !1:-.rvc:sti!'lg 

sec-son for optimum '·ield -nd rckrnt c-..r.'".:.:;tic-1 :! t- :'f intcr~st tc the 

consumers, producers "'nd tr,..ders L~ es.o;-;nti-1 ..,il: "!"t;::t follo'"' ;;;:och ortch 

of oil. For m<>-ny cssentfr.l oils nr")daced ,.: t;r.t .-"c..,l..: in :·fc.:,.::-.1, the 

Indi"'n Stc-ndrrds Institu+-ion• h--.s ;.:.r~,-d,- ::L:=c:-i:..: .. d ~t~nd:-rd .:lc!!'i.:nt;ry 

".'lethods. These n.::th·'.)is are, ho'.<'rcr, of li'.::L~ ·:-lu-: for the intr0duction 

of essenti·:l oil on the int~rn.-tfon:-1 l'!:·-rk2t. It is therafore of the 

utmost import~nce thr-t the scmples of esse~ti-1 oils commerci"lly ~v<"il~~le 

1'.>e l-)rought regul · rly ta :1DRL fer :-.n.'."lysis and comp.'."'rison. The :m<" lytic9.l 

r.i.::thod of choice for this ongoing bvcsti~ tior. is g· s liouid chrom · togrcphy. 

The bookl~ts i~sucd by I3I -lso contcin definition3 of the usucl terms met 

·.vith ·.-1r.2n ::n essenti'."l oil is ev1"lu..-ted -11d nDC\L shculd use the s.:.me 

defined terr.is when competing on this ''locc.l" r.!-:rket. For the brsic inves

tig-tion of ~n essential oil, s::mplcs from v.-ri'.)US nl:-c•::s/sources must be 

collc-cted during ·?. whol..; ser.son, the S·'.".r.lples coded -nd comp.:-red so th.-t 

~ trt-:1 picture of the qu-lity of the product c~n be h.'."d. 

For the quality : . .ssessrnent of esscnti::l oil.3 produced fer export, 

it is cxtr<:mcly import::nt thct the ".lils m.:c:t th~ requirc-mcnts of int1=r

nr tionr'-1 m".rkets. It therefore innlve.s t>-.-o: dct ... r.:in-:-tion of ccrt:-..in 

ch.".'.r-:-ct.:=ristics !Cnd comp~ring them •:•i th iefin~ l st-!".d::.rds, s<.:t r:!cwn for 

ecch ciil or product. In any process whero -.. b':tch -:Jf r:-w m.'.:\t.:.ri:-.ls is 

tr::-nsformcd into another pr0duct through nne ()r r:iorc int~rm'-'di".'te stc.gcs, 

the qunlity of the finc.l product is ·"-Ssurd tr.'.'."'lugh c,..,ntinuous control 

of the oper11tions. The qu~lity c0nt:r"l .3tc~s '"Jf e3sc:1>:i.::-.l ·'.)ils ':':'.~y foll:Jw 

th3 oper~tion ch~rt cited bclc~: 

Distillc. ti'.'ln 

Crude oil cr.ntr'.)l 

Fin:-1 -:..n~lytic~l 

c '.)n t~·'J 1 

3nt-nic:l c., 3el,:.ction ate. 

:~tic.~l !''Jt-:tLm, specific gr~vity, 
r~fr·ctive index, ester V".'lua etc. 

GLC-::mtly.sis 

GlC-:mc.lys is 

l 



In ~l the steps concerning storrge, shipment "md ~n~lysis of mi 

essential oil the problem of inert ~ tight containers arises. It 

c~ot be stressed enough the impo::~nce of selecting the appropri~te 

contniner for the essential oils. Tho esscr.ti~l oils ~.re vol~tilo 2.?ld 

often prone to chel!licc.l ch<ngcs due to influcnc'~ c:if ::-"t"ls, ri.ir, light, 

oxygen i'!nd temperature. The most corr.r.ion r::c..tcri.-.ls f.'Jr csscnti:i.l oils 

<lrC o.J.wninium and gl~ss. Gl.:-.zed cunt-;.iners -.r~ .-l:on Jften used. 

E. Screening of Medicinal Pl,:ints 

Ethnornedic:,l 
informr. ticn 

~ 
Selection of Plants 

Bolictl Authen::~:::logical 
Chemical Investig,tion . ~ 

~ Toxicology 
Development Isolotion Technology ~ 

Producti~Methods Quclity Control 
(Pilot Plant) 

Formul.:::tion of 
Drug Forms 

i 
Clinico.1 Trinls 

t 
Commercial Pr~duction 

Testing 

At the coment thi!'; 9r>rt of the ong11ing rese-rch (screening of 

medicinnl pl<.nts) belongs m0r.:: to the pho;rrn-cological rnd microbiologicE>l 

section. The 3xpert hes given con3idcr.'.'.tion t:i the future problems in 

this field by putting on ,.,rdi::r e('uiprne:nt for low press11re liquid chromn

togr?phy. In tho ne~r future the phytochGmical section will deliver 

purified extrrct~ And pure compnundF for ~~~rrnPcnl~gical/micrnbiolo,ic~l 

testing. 

l 



The 
1

·flow chart'' for the screening of medicinal pl2111:.s i.:: shown 

in the previous page. The "flow chart" cl.::arly states the position of 

the different rese:rch secti-J::s in t~i3 ;~-pe o:' i!:•r·~~ti.;ations. 

F. TrainiM 

1. 

2. 

3. 
4. 

5. 
6. 
7. 
Q 
~· 

9. 
10. 

Traini~g General 

Literature, books 

Instrumentation ~aint~na~ce 

ffi'LC 

Column chromatography 

3pectroscopical identificatio~ 

Seminars 

Microcomputer 

Back-up equipment for q'1ali t:v 

Follow-up of essential oil analysis. 

1. Training General 

Training has been imparted ~y discussions, demonstrations and 

semin<>rs in the la':lor.;tory. The expert wants to point out that a stay 

of one year is a very short time for proper tr::- ining, but the.t the local 

staff sh0uld be a':lle to get on when a working programme is 12ft. The 

training h2.s to a large extent bee;. an encouragement .Jf local .staff to 

get experience while the expert is present in the laboratory ~nd the 

stress has been put on the reliability of rcsu~ ts o:Jtaincd. 

2. Literature, books 

As a research laborRtory, ':leing nup-to-datc ;, with scientific 

literature is a neces.si ty. Nepal is badly Gi tuat,,d in this rus:pect • 

The delivery of scientific journals to the librery of the ~DJL is slow 

and irregtJlar, a fact which causes problems. :·!ore over, obtaini:ig copies 

of relevant public,,,tionG is ;qually sJow and irrcgul<>r. The expert 

made a recommr.ndatio" to the L'niversi t·r of Oslo for a regular service 

and a model c·~e w;:.s m-de for Dr. '!'imila Shrestha on litGrature search 

(computGr search) and :=rocurem.;'.1t of publications. In the experts 

opinion such a c0nt<>ct •tith an ext0rn;il source (university) would 
greatly improve th~ r;librc:ry SCrViCe Ii• 
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To encourage th\} idea of self-aducation t'.-.c ::::roo experts Jrew 

up a list of books in their respective areas (s~c CTh 1 S report). 

3. Instrumentation ~aintena!lce 

In viaw of the u-pgrading of the instrJ1?1<::nts availabk in RDRL 

it becomes increasingly evident th::-t some sort of rcr..lhr maintenance is 

necessary. It is therefore rncst importan: that local staff be trained 

in instrument servicing. Installation of new aquipment must be followed 

immedietely ·•ith a."1 introduction to the servicing of the instrum.ant. It 

is also n~cessary that a r~gular ~aintenance programme be started and that 

tho instruments be looked after at regular intervals. 

4. ~ 

Equipnent f~r HPLC-sn~lysis has b~en installed and applied to 

the investigation of ectivc constituents in Valeriana wallichii. By 

practical -=xp2ril::..!"!.ts tlw usafulr.ess of !PLC equipment has been demons

trat2d. The 'rlaterg instrur.i<::nt is equipped with tile detectors (Refractive 

index det. and a spectrophotometric det.) to allo11: the analysis of the 

'essential drugs" of ;i,.;pal. The instrument can easily be e~ipped with 

a grrdient unit if this becomes necessary in the future. ~LC analyses 

of drugs are <:ncourai;ed and model analysos will be und0rtaken durin~ the 

next yer:r to get pr~ctical experi~~c~. It is strongly recommended thet 

model analyses be carried out often as the regulAr use of the HPLC 

instr...u:tent will give the local staff much needed training. This training 

can b~st be he.d through personal experience. Use of :!PLC in quality 

control work will also require the use of organic solvents in larger 

quantities t:1an usual. In future, planning the purchase of these 

solvents for model experiments will be most useful. 

5. Column chromatogranhy 

One of th~ main problems of a research laboratory concerned 

1·1ith the isol~tion of ;ictive ingredients in medicinal plants is to have 

available suite.~le column chrom2tographic e~uipmcnt. Low-dead volume 

columns, organic solvent pumps, and a fraction collector have been 

installed for this pur~ose. The advantage of this equipment has been 

demonstrated and the equipment applied to the isolation of singl3 

valepotri?tes from V~l~riana wallichii. 



.3pr::ctrosco?:ic~l 

For the identification of isolated compound._ a modern :malytical 

laboretory would have a m"ss spect::-o:;'.':otome:tc::- ~:·;ail.::bh. fr.i~ instru.'l!ozit 

is considered too expcn_ivc for &SL at t:-i..: :rrnr,J::t, but o. rouri..:r ~::.nsform 

Infrared Spcctrophot~mct2r C'.lll be consid;:r~d .-s s. s00d second choice for 

this purpo.s:. This F:'-I.rt instrurn.:~:t b cap~.:ii..: of :!i':in; 'l spectrUr.1 of a 

very smz:ill amount of mate:ri.?l. In du.:. cour:.:..; ,.,;, n J. s~cctrum lib::-?.rJ h<i.s 

been established at RDRL t!lis instr"1I!l1.;~t will. "fill the. €;0:.p '·. At the 

mom1Cnt this in.:;;trum..;!':t has not y.:.t be-::: pl!"Cr_c.::;(.i '.'"'1·-~ no trc-ining can be 

?. Seminars 

Aft..::r C1ll initfo.l phase 1 . .ih .. r~ the: ..:xpcrts were asked to give 

L...ctur0s, re:gulc.r we<:kly scrnin~rs hv.ve be,;n <lrranged for the Quality 

Control Department. It is the opinion of tlw e:irrert thct these form en 

?.~solut-':ly essc!!tial prrt of thE: '"ark in a rese~rch lc>boratory. Judging 

from the experience g".t!:.~rec1 since July, when the s<.::minc.rs started, these 

weekly m.::etings are well received by the locel st:-ff. They clso <=ncour~.ge 

t~e p~rtici,ation of the stcff in sci~ntific discussions .<md give t~em 

a :;ossibility of some tr~ining i:1 the giving of lectures. 

3. MicrocomputE-r 

The concept of computi;rizatinn h"' s ':le•::n emlcr.<;·c.::d by m~mb•.:rs of 

tr.e ~DRL. 

To encourage th~ undcrstending of the !'undrunant?.ls of comput<:r 

usage and the applic"tion to st2:istical c.· lcuL tion, 12,..ding to t~e 

filing of results, microcomput~rs, -.•ith n.::ccss:>.ry software were rurchc-.se:d. 

One L11strument arrived i:1 Februr-ry, c.r..othcr in .::cptcmb r. A sm;;;.l:. numb~r 

of ,~DRL stz.ff were sent on '.1 tr~.ini:ig courso to l .... r.rn ;;3_.:,.;3IC; 1 progr2.mming 

:ind thos.: h"ve taught oth~r :r..::nb<:.rs of t!-.c st,..,_ff th8 use of computers. 

The ·~xp1:..rts (ph2r:n1.cobgi;;t Md c.n~lytic;il chcmi3t) domonstrated 

t:1c value of tho av"il.-:'J2..:: }!rocrr-nric.s. The; ph:i.rm:cology section wore not 

'1bk to axploit the c<l.cul--ti-:m c:-p,.,bility duo to the short3gc of dci.ta 

due in turn to the l~ck of nnim?l3. Tilc chemical section of the l~boratory 

-1 
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W<l.S quick to se:c the v< luc of th..:: filing ::irogr-~.:: -nc 3oon co~p~tt.:r ti::0 

became in zrcat dem~nd. The do,nand W.!1.S SO grc~t tr .. ::.t, :>.ftor diSC'.lSSicn 

with the senior members of the .:.ULL a s~cond cor!put-:r wns ordcr:..d, t!°li3 

second mClchine - which ~rrived in Septemb<:r wi"'..l b2 used pri::i.:.rily '-Jy the 

chemical SQction, ~nd h~s, throug~ ?. ~~rd disk att~c!'i..~.:nt ~nd snm~ ~dditior.~l 

hc;rdware, the C"'P"'bility of h~ndling a gre".ter volum0 of d":t- ~ore re,idly. 

9. Back-un 2auipmcnt for ~uality Control 

Judging by the numb..:r of e:r.:-lyscs w:·ich will he undi;rt·i-:en '-Jy 

1 ·qur~lity control: it is consLk.'.'cC: -.:Jsolut0l:r ne:c..:s.::;<1.ry t!'.-.t ~. n~w fluori

:neter ·"'nd an lN-s}Jectrophotorr:.~tor pul·civ ... sed. Th.:-sc instruments can c.nd 

will be used :-lso by ~h,, dc=:;: rt~.;:::.t o: ;_Jh-rm:·cology. 

10. Follow-un of Ess.Jnti-1 JU :.n.,.lys~s 

I'h0 8xr.:crt h-ci .:nccur--g<=d r rul-r :;nrlysis of the esz~ntic.1 oils 

produced "'Jy th::; exp~ ri'."'!G~1 t :.1 f· r:':ls i.n ;:'.ct,.ud:-. r-.nd l'; rh::.r:J.. The results 

of th0sc i'.ni:!lys~s '.lre ~s-·in distri~;.it::d b tha fr-Ms to f::ocilit::.t.:: selec

tion of pl-nts. 

At th: s<:.mc ti."'.lc 1:-borc.tory seal..: distill:-..tion of r-le:nts ccr t<::ining 

css:;;ntfrl oils n.rc screened by M-:-::ns of GLC st:'.Ild<'.rd m<ithods. 'The flora. 

of !-le-r:"o.l hes :: rich spectrum of :-} -·:t:- ccnt:ining "'.rome.tic cor.ipounds .:i.nd 

2.. r0g-ul.rr scre:e~ing of these will IJe continu.::d. 

G. '·fork Fl::n for Short tC" ~ledium I'<mi nt the RD~L 

1. Essential Oils 

a. Ee.ch yo~r 20 pl~nts contrinin~ essenti~l oils shculd 

be screened for their potanti~l as r~w m::itoricl for industrial esscnti~l 

oil production. 

'-J. Th<:: pl::-nts pc ssing the pr,:vious point should ba invostig· t;;;d 

~s to th0 se•son~l vrrir-tion of the constituents of the esse~ti:-1 oil 

(t:sti.':1~ tion 5 ~1-nts/yo.~r ). 

c. -:he :11--nts m.:.ntioncd ?'Jove should be grown in t:i.e her'Jrl 

f-r:ns to inv~2ti~.-te the pozsibilities of l~rge-sccl~ growing. 

d. ?oints <' ,i, ::i.n1 c will lc::d to c. continuous progr".'.:nMe fer 

~bout 5 pl--nts whil0 ~ screening of 20 new pl-nts is being cerriad out. 



2. :-tedici.."l'C.l :krb:: 

a. aoutine ph~I'!:l~cological scre0ni.."lg proc0dur02 for specific 

:-.ctivities pointed out ~y t~:~ ~!:.:..::· .. cclcgic.:i.l '"xp..:rt2 shoul:i be est2.'Jlisr.<:d. 

b. Plants t: .:;si:tg point a must o"~ .'.~vcstig'·kd by chcr.:icd 

'.:10thods to estal:Jlish ncp:.lcsc st~nd::rds. Thi.: do.:s not necessarily rr..:.an 

th't singl.: compou."'l.ds will b<} isol-.ted but th::.t pl.'.'nt. r"l<'-tc-ric.l ~ust be 

collE:;cted fror.: '.:.ll ov-::r r!.::pe.l -·nd ·"'.."l avcrn.ge sample an"'lyzed. 

c. For V.::.l.;rian<• w::llichii :i. lon~-term st<:!bility t~st procedure 

h:?.s st0rt(!d "!'!d will be continut;d for c>nother year. This cher.1ic2.l ::-n::.lysis 

should bu ~ccompnniod by ~ through phn.rmncologic~l testing of the scdrtive 

cff~ct cf the st~nd~rdized ( an~lyzed) extrect. 

d. The scre0ning test being carried out (point 'a') by the 

;tDE:L ou~ht to L:-'.d to 2-4 pl:-nts '.:. yur which deserves clo.<;cr investii<::-t_ion. 

'Ihe nUl!!ber of pl~nts being screened could f2vourably 3Illount to 20-30/ye~r. 

3. Quclity Control 

a. By ::ic~ns of thie '.llicrocomputer '111 th~ e.n· lyses of drugs 

being done during th~ !-JO::riod l)f t!;e l~st ten yeers should ':Jc put on ~

computer file for c<J.sy r~tri..:v-.l a!'!d comp<rison. 

b. A progr:.rn:r.c for filing end upd ting ~. r:gist.::r of th0 

r:wdicin-"cl pl?nts of :fop.:-.1 shoul-1 b, ....,_"" · "'!1.d the pl-:nts put on -::h< fil-=. 

c. Th·~ appl·: c::tion cf E?LC to c;,._ ·:;, ~.ly<.: of conpotl41:led 

drugs sl:-Juld be inv<.:stig~tod by r'l!".::.i-,:- 2C-;,<: rr·:~-r-.-tio:-i;, ~s rodcl 

problems. 
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>lulti-ouruose extractor 

The 5 litre :1Iulti-purpose :::Xtr cbr combin2s t~e t~~rP.<.: t:rpes of 

extraction process commonly used i~ tech~ic~l ~"; i~~ustrial la!joratories: 

- Liquid/solid extraction 
- Liquid/liquid extraction by u~ward~ :tispl.=cer.!e1t 
- Liquid/liquid extraction by im·i"lward::: ~i::~::.~.c~,..,-,..t 

Using the minimum !lW'ber of p-:-.rts it 'tL.o,··s r•,i::i', e;;..3'· conversion 

from one type to e.nothi:!r :ind ?.lso ·.;er"'.i':~ reco·n~r·• of sl'.llvent end extr?.ct 

after extrr:ction. The unit feo.t:.irios :. 5 ~ itre cap"'city extr-':lctor body 

wor1dn~ from a 20 litre wide-necked fl'"~k (~:et. :'0. 11E:X). The glassware 

has been designed to ellow complete 'ldjust.· '1il i.ty nf ph-:i.se diseng"'gemPnt 

~re~s on conversion from on~ type to enotber e.nd on ch~nging the liquid 

system in a liouid/li~uid extrF.ction ~rocess. A demount~ble syphon 

allows conversion to liquid/solid extr-ction and a glass fibre thim~le is 

provided. All conversions :nay be carried out without moving the flasks 

or extrrctor bodies from their initfol settings. R"lpid drain3ge is 

possible by means of Rotaflo stopcocks incorpor~ted in the ~dapters used 

for inter-conversion. The extractor is e~sily assembled ?.."ld dism~ntled 

for cleaning purposes a"ld is supnliect comp le ta •·Ji th frame <md the necess;>.ry 

cl::.:l'ps, bosses end supports. The unit is comp::ct, overall me$.surerr:ents 

beinc: o.46 rn x 0.91 m x 2.69 m height. 

It can be supplied either with or ··rithout <:...'1 •=:1ectrotherr.ial' h.;::::tfag 

mantle, for 110V or 2401.' operction, c-.nd :i contr 1 unit fitted with 

speci~l mounting brackets. 

Ocer~tion 

1. Liouid/liguid ext,..?.ction downw;-!"".fs disnlr-.cement 

The glassware is '.'.sseml-Jlei '1S sho•.·rn in illustr--tion. ':'.e<J.•Ty ph.?.se 

solvent is poured into ~he extr·cticn ~ody followed bv the solution tn 

~c extr~cted. The vol~~e of eith~r ph'-sa is then ddjust~d so th'='t the 

bottom o!' t\.ie distril)ut::ir Z:\ "11/<_1 i3 c::>r.1pL:tely immersed. During this 

optr."tion he·vy ph: se i::- forced •.m f::."1Jm the dise"lp:·gcrn•:"'.t "lrea ?nd 

through the "\n":ulu.c; l-iet·.·1•~::n tl".e: :.!2t.·ch :.i1.~ sleeve :x 11/10 :;nd the t.:.ke 

off tube EX 11/11; the btt·,r is tr.-::!'1 ~.djusterl so th-"'.t he-9vy phnse 

returns to th~ fl~sk. ;efluxing solvent ~nter~ the solution to be 

extrrcted vie the horses~oe-~h~ped iistributor ~hich is perfor~ted o~ 

tl".e underside. 
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2. Liauid/liquid extr~ction upwards displ·c~r.~~t 

Assembly of the glo.sswnre is tne S!:).:!IC "5 for dO\o"'lW::.rds displP.cemc"t 

except thet the sleeve EX 11/10 is removed ~r.d distributor ZX 11/8 rcpl::ces 

distri!Jutor EX 11/9. 'The solution to be extrc- :=ted is poured into the 

.::xtrnctor body ~nd the height of the tl'\ke-off tube: is ::.djusted so th:'t 

it is just a":love the liquid l.:vel. rlefluxing solvent enters the solution 

to be ·?xtracted vie. the horseshoe-shaped di2tributor which hes p·::rfora.tions 

on the u;,per side. 

~. liouid/solid extr:.ction 

Assembly of the unit for Soxhlct cx":r:-.ctio:-i is sho•,m in illustrction 

3. The scrnple to be extr~cted is plrced in the gl~ss fibre thimble or, 

"!lt,~rn?tively, supr,orted clirectly in t1·> extr,..ctor hody. ::<efluxing 

solvent f"."om the condenser is diri::-cted on to the s.<:.r.plc :-nd returned to 

t~e fl~sk by ~ svphoning cction. 

4. Solvent recovery 

Asse~bly C pe:rmits recov~ry of solve~t ,..nd extrr.ct after extr~ction 

without t!:e neces=it•; to dism<'~tle or emptv the ".lpparetus. The plug 

EX 11/17 is fitted -:r.d th: condensar C 23/77/3 nrr,..nged in the dic;·:ill::tion 

position using the recovery bend Sn 2/77. 

Instr•1ctior.s covering ~ssembl v -:nd oper- tion "-re supplied with e<:.ch 

11nit. 
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Caesalninia dee~~~~ (Roth) Alst. 

I'he protest~tions •f the experts in relPL1m to record kee'9ing, 

correct nc:'.:li::i:".' nf plents .~!'!d the collection of voucher specimens h;:ve 

not ~een u!'!iversally accepted as significant. 

::.e species Caesalpinia seniaria is Mentioned in 'Medicinal pla.~ts 

of Ne~:al' 3.nd Caesalpinia 29~ is mentioned. in the plant list in 

ap,endix 1 12 1 in the Technical ~eport: Pharmacology laboratory by 

Dr. J .F.G. Williams. I'he (escription of the distribution given fa the 

Flora of British India suggests the species occuring in the Himalaya 

was c. bonducella. ",/hen reviewing the description of these species 

the expert ca~e across a passage which underlines the difficulties of 

plant ide!'ltificettion and the need for voucher specimens with every 

collection. 
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•:.i''!1iEX - IV 

List of "Essential Drug2' for ~:epal 

Anaesthetics 

General 

Ether 

rii trous oxide 

Inj. Diazepa':'I 

:-talotr.a."le 

Thiapental sodium 

Local 

Lignocaine 

Analgesics, antipyretics, non-steroidal anti-inflammatory drugs 
ar.d drugs to treat ~out 

Acetylsalicyclic aci1 

.Ibuprofen 

Indomethacine 

Jxyphenbutazone 

Paracetar.tol 

i-.llopurinol 

Colchicine 

rrc:~enccid 

>ii~cellaneous 

;·!agnessiwn sulphate paste, Inj., Elnetine for scorpion bite 

Zusol 

lectified spirit (Ethyl alcohol) 

Analgesics, Narcotic and Norco tic antagonists 

~iorphine 

Pet':i:iine 

::alornhine 

?e:;t::?xocine 

Dangerous drugs only to be 
prescribed by Doctors 



) -- _) -

Anti-Histar.:i~ics 

Promethazine 

Antidotes, chelating ~-gents etc. 

Atropine 

Activated charcoal 

Pr:-.lidoxi::.a 

Dimercaprol 

Anti-enilentics 

Diazepam Inj. 

Phenobarbitone 

Carbamazepine 

Ethosuximide 

Phenytoin 

Anti-infective Drugs 

Anthelmintics 

:·!ebendazole 

Bephenium 

Piperazine 

i'ficlosamide 

Antibacterial Drugs 

Arnpicillin 

Benzyl Penicillin 

Cloxacillin 

Gentamycine 

Sulphadimidine 

Benzathine Eenzyl Penicillin 

Chloramphenicol 

Erythromycin 

Phenox-JT!lethyl Penicillin 

Sulphamethoxazole + Trimethoprim 

Pyrizinamide 

Thiacetazone + Isoniazide + PAS 



3yste~ic A .. ~tif'.l..~gal 

Griseofulvin 

Amphotericin 3 

~ntimi~rane D!-ugs 

Ergotamine 

Antineonlastic ~rugs 

Ergotarnine 

3usulphan 

Vancristine 

Chlorambucil 

Azothiaporine 

Cycl~phosphamide 

g?thotrexate 

Gaxunorobicin 

Vin!Jlastin 

r.,,...,l"'"'~ ---c-

Antinarkinsonism Drugs 

Levo dopa 

:'otal Belladona Alkaloid 

:'rihexyphenidyl 

Diphenhydramine 
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3lood-Drugs Affecting Anti-anaemia 

Cyanocobalamine or Cobalamine Inj. 

Ferrous salts 

Folic acid 

Iron Inj. 

Anticoagulants and Antagonists 

··1arf3rin 

Phytomenadione 

:'et:::-acycline 

:-litrofurantoin 

l 
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Procaine ~enzyl Penicillin 

Metronidazole (for Anaerobas) 

Doxycycline 

Antifilarial Drugs 

Anti-leprotics 

Dapsone 

Rifampicin 

Clo f'lzar.iine 

Amoebic ides 

Metronidazole 

Elnetine 

Diiodohydroxyquine 

Diloxanide 

IoC.ochlorhydroxyquine 

Anti-makrials 

Chloroquine 

Pri.':'laquine 

Diethyl c .. rbam?Zi."le 

Sulphametho!J:,;razine ... Pyrimetharnine 

Ar.iodiaquine 

Pyrirnethamine 

Anti-Kalazar 

Stibogluconate 

Anti-Tuberculosis Drugs 

Isoniazid 

Ethambutol 

rtifampicin 

Ethionamide 

Streptomycin 

Plasma 3ubstitute 

Dextrein 70 

Dextran 40 



Cardiovascul~r Dru~s 

Antianginal Jrugs 

Glycer~rl :'ri:.i tr~.te 

Proprsnolol 

Isosorbide dinitr2te 

Antiarrvt'.".mic 

Lignocaina 

Propranolol 

Verapamil Inj. 

Frocainamide 

~uinidine 

An~ihvpertansive 

:!yd.rolazine Inj. 

Propranolol In.j. 

1~serpine 

Hydrochlorothiazide 

~:ethyldopR 

Cardiac Glycosides 

Digoxine Oral ~ In;. 
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Drugs used in shock and Anaphyl:;x~ 

Isoprenaline Inj. 

Epinephrine 

Dermatological Drugs: Tonice.l r1.nti-inf0cti·1e 

rr. Iodine 

~Titrofurarone oint. 

Acriflavin 

Mercurochrome 

Yeomycin 

Tr. Benzoin comp. 



.Anti-inflar::JT.atory 

3etamcthasone esters 

Liniment Methylsalicylate 

:tydrocortisone 

Count~r irritant 

Astringent 

Alurniniun acetete 

Calo:.mine lotion 

7inc paste ~nd cream 

Fungicides 

- 29 -

3enzoic acid + Salicylic ~ci-:i 

i'!ystatin 

Gentian-viold 

Ker3.toplastic 

.)alicylic acid 

Coal Tar 

3c::IJicid.::il 3..'1-:i ".lediculoci-:ie 

::iarn~a b,;11zen.:: :::exs.chloride 

Jenzyl 3cnzoate 

I:iagno:;tic ag=nts 

I'ub~rculin P.P.O. 

Fluorescine 

~dio-Diap;noatic agents 

:~eglumine 

Mipiodine :·Ieglumine 

Iopanoic acid 

3ocium amidotriazoate 

.:ariun 3ulrhate 

Ciuretics 

Furosc'"'.iie 

Triametcrine 

Manni tol I. 'I. 



Hydrochlorothiazide 

Spironolactone 

Gastrointestinal Drugs 

Antacids 

.. lur.:i:1iu.':I nydroxije 

Calcium Carbonate 

Magnessium hydroxide 

Antispasmodic 

Atropine 

Belladone Dry ~xtract 

Anti-haemorrhoidals 

Xylocain ointment 
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.. dstri:".ge'."lt ~nd anti-inflammatory-prepe.r.::: tion 

Cdhartics 

Senna 

C2stor oil 

; 1iag. Sulphate 

3isacodyl 

Liquid Paraffin 

Anti-Diarrhoeal 

Atropine • Diphenoxylat~ ~ol. 

R.D. Sol Replacement SD 

Metronidazole(Ciardinsi;;; J..moebiasis) 

:'etracycline: CBactE.rid Diarrhoe:.) 

Reulacement Solution 

~.D. Sol 



Dr>1£s for F1.atulenc~ 

!:imethylpolysilo:{ane 

Vobtile oils 

Sodium 3ic~rbonatc 

Activated ch~rcoal 
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::~!"!!!ones and 3ynt:Cetic Substi ':utes 

Dexamethaso:ie 

Prednisolone 

:iydrocortisone 

:'estosteron~ 23t.:;rs 

~strogcns 

Zthinyl Zstrndiol 

·Jral Contrace"Qt;iYes 

:ror-:thisterone 

~thinylestr~diol 

?!"o;restogens 

I'hyroid and Antithyroid Drug3 

L-Thyroxine Sodium 

G:lrbimazole 

Lugol 's Iodine 

:nsuline ?nd Crnl Anti-Diabetics 

:or.ipound Insulin 

::'olbutc.mide 

Cryst£.llinc Insulin 

Chlorpro pamide 



I:;.~unolosics.~ 

.:.rtti-rabies serurl 

Tetanus i:.rttitoxoid 

Diphtheria Antito: n 

._::ti-sn.akro:-V~nur.: 

V3.ccines 

3.C.G. 

:te.bies 
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Yellow fever only to inter!1Ation~ l trP.ve~krs from Yellow fover areas 

:Jephtherie.-Pertussis-tetr\:ius 

?olio 

':'etanus 

; 1fascle relsxents peripr.erelly c-.ctin~ A.r!d nntagonist 

Galle.mine 

:Jeostigmine 

Su).. :.methonium 

~e · + ENT Prenc.rations 

Silver Nitrate 

Chlortetr~cycline 

Chlorarnphenicol 

Gr.nt.~ycin 

Tropical, Anti-infecti~n 

Polyrnyxin-8 Sulphate + Neomycin ... 3ac i tr~cin + :-ex~methc.:;onc 

Sulphe.cete..mide 

3etamethasone sod. p hos. 

Dexar.ie thf',zone 

Ox'<JT!! do zo line 

~oc3.l Anacsthcti.£, 

Xy:..ocaine 

Filoc~rpine 

::sc rine 



t'.yd:d;:?.tic 

Atropine 

Epinephrine 

iiomatropine 

s-..·sternic 

,'.,.cetazolcmide 

Oxvtocics ---
~rgometrine 

Gxytocin 

Psychotherapeutic .:.gents 

•. r.;i tryptilbe 

Chlorpror.iazine 

?.aloperidol 

Inj. I'rifluopromazine 

8hlordi?zepoxide 

Irnipra:nine 

Frochlorperazine 

P.espir" torv trc.ct i::rug~ 

,\rninophy lline 

Spincphrine 

Salbutarnol 

Ephedrine 

Codeine 

Oral rehydration salt 

F?.rentcral 

Glucose 5% 

~inger's 3olution 

3odium 3ic'lr~on:-te C:~ 
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Glucose 5:1~ 

l?ot. Chloride Inj. 

-.3odiur.: C:tloride (0.9;~) 

·1ater :or inj. 

Vi t3!!1ins and :·:inerals 

Zrgocalciferol 

~-:. Sl:.lCO!".::-.tc 

~Jri-ioxine 

:Uboflevine 

Yee.st 

Ascorbic ~cid 

:hcotinamide 

~etinol 

TI:iamine :-!:Cl. 

,.. . 
·:'lJ• 

I 
I 
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?ost title 

::Uration : 

:Wate rrn.uired: 

:uty station : 

?ur~o~e ~f ~reject 

Cuti es 

Qualific:i.tions 

Language : 
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Job Descrintion 

< I.'·F ;:s:t /cc/::,c.:;/ 11-c'->/32. 1.:) 

Chemist (Analytical) 

12 months 

AZAP 

Kat!".mandu/Nepal 

:o develop further the existing facility for the 
production of plant-derived pharmaceuticals at 
the :.ioy:i.l Drugs Research Laboratory; Kathmandu/Nepa). 

The expert will be expected to conduct quality 
assessment on pharmaceutical products. 

Specifically he will develop analytical r~ethods 
for determining the content of active ingredients 
in medicinal and aro~etic plants and all products 
nrepared from t~ese plants. 

T!",e ex~ert will also be expected to prepare a 
final re~ort, setting o~t the findings of his 
rni:::sion and his rectJrnmend::;tiC"ns to t>ie GoveI'?llnent 
on furtr.er actbn which might oe taken. 

t:h. D. in Organic or An.:ilytical C'r.er:;istry. A 
thorough ·:1orki :g knr.Jwledg-e on tr.: use of various 
analytica::. in:..:t.cu:;1e:-:ts sue~. as Il., :;v, :r:·i:K, GLC, 
HPLC etc. is essential ~ni ~xccri~~ce in quality 
co1:trol of pr::=-r.r.;o.cc-u:ii:al !~r 1}'"~:.ict:2. 

:!.nglish. 

Background information 

i'fopal is a country •.vi th a popubti:m of ,,.~,~;roxi:-~at-"'ly 12 '.:iillion ·:rith 
an annual growth rate of 2.w. per cent. Gv•:r ::>:.- ~ '::' cent of :he people live 
in rural areas an::! o•rer .SO per cent 0f t!'.P.:"1 i::1 t::e ::iountJin zones. l·iost of 
the rural folk utilise plant-prepar1tions for :·~c•?ir t'.~era:,:ieutic requirements 
and the traditional systam of medicine L ·r:r:: simil.:.r F.nr~ derived fr".lm the 
Ayurvedic s~rstem prevalent in the Indian 3ub-\~ontin~nt. 'I'he wealtr. r.iedici
nal plsnts can be considered as one of the import.1nt nat1.lral resources of 
~:e-cal. The f.ingdom of :Jer:al lies :in tr.e C0ntrnl 3.;:ctor of the great ~irnala
yas and occupies a thid of t!".e total l;:;ngth. :r-.e div.::r::;ity of physiography 
due to attitudinal ~nd clim~tic vari~tions has ~rought a~out a great variety 
of sneciJs of plants within the flora of this small (Arca: 145,305 sq k.-n) 
cou.11try. 1·fuch of this flora is used in medicine and the Royal Drugs Research 
laboratory i.s responsible for the R and D eff".lrt~; lr::ading to the production 
of phtrmaceuticals based on th.: traditional remedies. Currently the RDRL 
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produces essential oils ~nd extrgcts of ~l2nt ~aterial for nh~I'!'.'!~ceutical 
purposes al~eit on a srnall scale, Pnd conducts r~se~rc~ on scv~ral aspects 

of the flora. 

In i972 pe.rt of tr.c product:i.in zu..c was ccn'rcrtc,i to a xanuf?.cturing 
corpor;ition under the na~e '.;oyal IJrugs Ltd. ( ~.J.Ltd.) -,:id ti:~ RDrtL remains 

tr,e rese?rch end develor. . .:e"lt agency. 

The present project s.::~ks to strencthGn ti-:.;· e:d:=-ti::(! f<>cili ties of 
RDctL, to include pilot scale f.?.ci:'..i,;i.::s, for r::se· rc:.- ~!"!~ dev~·loprnent of 

plant-derived phPrm~ceutic~ls. 
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;.::;rE:X - VI 

Ternene Stands.rd Fres.:!1.t at RDrtL as at Janu3ry 19.3~ 

Name 

ALF~-Fnrn1::: 

Al.PHA-TERPET~[E 

ALPHA-LERPE1:S8L 

C:\1'iP'.-::2:NE 

c; ::i1iO~r 

C.- 2Y:JFEYLLENS 

!30BORiCOL 

ISOZi.JGENOL 

LrnALOOL 

LINALYLAC'i.Tf:...T 

MENTHOFUcti:..N 

M~!THON 

METHOX'lC~rtv.~:roL 

~iONMfAL 

Pll.RA-CYMOL 

PIPZRITON 

p111:Gm1 

T:"iYMOL 

Origin 

RDRL 

RDRL 

RDRL 

RDRL 

:::<DRL 

rtDRL 

RDRL 

RDRL 

.RDRL 

RDRL 

imRL 

RDi.tL 

RDRL 

RDRL 

RDRL 

~.!LL 

t<DP.L 

~DRI 
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!'.:rn,;ne 3Ln ris Fracurcd 

BENZYLl.LCO:-tOL 

BE:2G/,:·:O':'E OIL 

CI.STE OIL 

CI?AAL 

CITRONELLA J i..'fr GIL 

CI'IRONELLA ~RI LU!KA OIL· 

CI'!RC~:ELLA :'f;.I'·!AN OIL 

CI:'R:JNELIJ..L 

CITRCNELLOL 

:JI:S:'!WLFHTALATE 

GERAifIUH ALGERIA OIL 

GI::R;.muM 30URBOI11 11 '!:I. 

nYDROXYCI-;:'RON:C:LLAL 

IO NONE 

LA Vr.~mIN Ai3RYAL!S OIL 

T_.W~LOOL 

:·rr::HYLrmrmiE 

:r:~OL 

FAL'i: ?.OSA O!L 

:1riODDOL 

RCB3TET 

ROB~2TET 

ROB:RTS'I' 

ROB~RTST 

R03.~RY.::T 
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rrame 

.SA:rr:;a:,iooD INDL..~r OIL 

V'ZTIV:~ L JI:.~' OIL 

il~TIV-;.:.aL.,c::T. "::'E 

OriP:in 



3a.tch 

2 

3 
4 

5 

6 

8 

9 

10 

11 

12 

13 
14 

15 

16 

17 

20 

21 

22 

23 
24 

42 

44 

45 

4~ 

47 

4~ 
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"':'::.~:< - VII! ---
3atch Control of P!11"'1c>---:--..,_ Oil Distill?.tion 

.Y,ti.nda•r:>.n :-forbal Farm, :!et~~ 

(Ju..'1.e/July 1983) 

Distill. 

8/7 

P./7 

8/7 

9/7 

9/7 

9/7 

10/7 

1C/7 

11/7 

:1/7 

11/7 

12/7 

12/7 

13/7 

F;/? 

13/7 
14/'"' 

14/7 

5/7 

5/7 

6/7 

8/7 
7/7 

7/7 

10/6 

11/6 
11/~ 

12/~ 

12/6 
1 ;;r::, 

12/6 

Date Yield -
O.Z? 

0.28 

0.29 

:J.25 

0.27 

0.25 

0.26 

o.~1 

0.25 

... , ;,.., ... 

' ~i::: 
VO I ' 

'.J.20 

o.2c 
G.2C 

0.20 

0.20 

Peak 1 

11.77 

15.99 
13.94 
14.81 

11.59 

13.51 

12.97 
11.22 

14.04 

13.8 

13.9 

A' -
I • '-

1 - c:: . ·' 
< - • !.1.. 

17·.1 

·1 A q 
' , ·~ 

2?.71 

24.29 

22.45 

21.4; 

Peak 2 

81.06 

76.73 
79:.77 
80.2~ 

82.6 

80.83 
Po.66 

79.49 
81.22 

Ao.44 

24.64 

79.1 

79.5 
80.6 

7A.9 

r.6 
75.7 

~ 0 .33 

70.72 

t:.P.22 

~P.94 

74.77 

72.53 



i+.[:~;~x - IX 

Batch Control of Citrondb 1~" Oil Distillation 
Vrindavan Herbal Farrr. z Hetauda 

( Ma.;y - l..ugust 1983) 

3atch No. Distill. Date Yield Peak 1 Peak 2 Peak ~ 

1 2/6 1.3% 44.35 17.14 17.32 
2 2/6 1.4~ 30.3 1c:.29 22.03 
3 3/6 1.3% 45.3 13.58 17.04 
4 31/5 1. 37~ ~6.56 12.45 20.35 
5 1/6 1.4% 26.64 9.37 27.92 

19 26/7 0.96% 40.79 15.13 22.95 
20 27/7 1.1% 48.27 14.14 21.2 
21 27/7 0.9% 21; .51 16.8 30.82 
22 27/7 0.9% 22.19 19.58 26.37 
23 27/7 1.374 28.29 18.53 Z'? .09 
24 28/7 1.7% 42.52 16.54 21.02 
25 28/7 0.9% 45.29 15.o6 21.37 
26 29/7 C a~'. ., ~ ,., 32.39 20.06 22.44 
27 29/7 .., 1""'Cl 

I e 1...J,:: 48.6 14.63 22.09 
28 29/7 Q C~'. . /(" 23.21 2C.:J9 24.78 
29 29/7 r. 0c< 21.51 19.51 25.55 .. ,..,' 

30 29/7 • r<' I a.._;,: 2'•.74 12.71 24.08 
31 31/7 J.9,/ -::7.J7 i7.2 22.4 
32 1/8 :J. 9;1: .,. ,.., 'i ~ 

•' '-. I 15.24 29.37 
33 1/8 .-, ,- .. ,_ '+2.')6 i 5.~3 2c.59 1 •• ' 0 I 

34 1/8 1 .1;'. ~ •, .isr:. 11•.65 34.82 

35 2/8 " .~ct ?3.14 v:.31 32.59 I • '..,/1 I 

36 2/8 o.r 26 .14 17.33 3"' .91 
37 3/8 o. ,:;~ 27.49 15.56 38.81 
38 3/8 o. 8?:~ 3" .2 17.39 23.21 
39 3/8 0.971, 27.8 19.81 3~.55 

40 5/8 O.?% 37.% 16.59 20.86 
41 20/8 1.1% :+2.54 11) .04 22.82 
42 7/8 1. CT~ 32.hh 16.47 29.0 
43 7/8 1.CT(, 



Batch No. Distill. Date 1.!tl2. Fe::ik 1 Peak 2 Peak 3 
44 7/8 1.y; 3c;.16 ~s.~7 "2.0 
45 8/8 1. 3:'. 
47 E, ·3 1.3;~ 92~ 7f 1~.39 25.15 
48 8/8 1.~6 ":7.06 16.11 23.C6 
49 9/8 c.9;~- ··7 u.~ '5.'74 26.43 ...... _.. 

5C 9/A ,...._, ~ct. J,,.·; .61 1~. 18 22.21 ...... "'.' 
53 10/8 ., ,-/ 

~~~5 ·1~.31 25.J4 ' Q '-'! 

54 10/8 1 "Y''. 7r C:'· ;: •• 96 26.34 ... ") :> ,.,1-r 

51 9/8 1. ~5~ 
52 10/P 1. ;·;~ 
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A.:T!·!EX - X 

Bate!'! Control of Ier:ion5ras_~ ··~:a~.=a}~nd :• Oil Di.:tilbtion 

Vrindavan ::erbal fp.r!!:, E;:;tauda 

(June 1933) 

3atch Distillation Yidd ~-r~i:. -_:ens ti tu.::: ts 
~-!o. date es3enti3.:::.. ail:; F.-~:~k o; ?e?.k '+ -;.. 

6 4/6 C'. 71;r. :: ' .. "'iQ 'i~'. c . - ..,.. ~ • I ' 

'7 4/6 o. 2c.~; 2: ·~ ~,o. • 3;~ . 
p 4/6 O. ~4c< 

9 5/6 o.41o! 30 •. ~·'. 44.3% 
10 5/6 o. ;4?~ 25. 47': 35.4% 
11 6/6 0.34% 31.3;·~ 41.3% 
12 6/6 0.36% 26 .5~~ 34.5% 
13 6/6 o.41% 30.0% 39-9% 
14 6/6 0.41<;~ 29.4% 39.3~~ 

15 "/6 0.395'{. 29.9~~ 40.5% 
11) 7/6 0.32'}1, 30 • .c~ 39 .. 9% 
17 8/6 o.41% 31.4% 41.6% 
18 8/6 0.38% 26 .6~~ 35.9% 
19 8;6 o.3sa~ 31. !~'o 4LC5% 
20 13/6 0.31;~ 27 .3c.~ 37.;% 
21 13/6 o.3cr,~ 2_-:;. 5~< 35.7% 
22 13/6 o.35r, 29. r< 39.2~~ 

23 16/6 o.321f 30.C'< 41.8% 
24 16/6 o. 32'}', 
25 17/6 0.34'5 2~ .z·~ 39 .o/j 
26 17/6 0.33% 32.2'?1, 4:; ~o.~ 

,I' •• __ ,._ 

Z1 17/6 o.34st, 29.Z:~ 42 .c:t, 
28 18/6 0.34% 32. 5;~ 44.9% 
29 16/6 o. 3!3~~ 7.1.C4% 49. 
30 19/6 0.20':1 .)D.h~ 43.C?I, 
31 :9/6 :J.?9~< 2f:.. • 5c~ 36 .1c(. 

)2 19/h ('\ ?'70/ 
-·~ 

2? .?c< 41.4% 
33 20/f. C.2?~~ 30.7% 42.7% 
34 20/6 0.33~:'. 7> 1 .6?~ 44.C% 

-:'otal 

:;7 .1s~ 
136 .6~1, 

74.3% 
70.8% 
72.6% 
61.cr,f 

69.9% 
68.7% 
70.4% 
70.1?& 

73.0% 
62.5% 
72.1% 

65. 2% 
59.z~ 

6S'. 5~~ 

71 • . :~.~ 

69 .1~) 
7?.a;! 

71.4% 
77 .4?(, 

20. 7?~ 

73.8°! 
62.5% 
71.2% 

73.40;6 

75.6% 
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Batch Distillation Yi.:ld :rc:in Constitu.:.:!ts Total 
No. date essenti 1 oils ?·~~k ~ :-'·:~ 4 

35 20/6 o.;1% .., " ..... , 
1' •.I. 

..... 1:: ~1.."'' 
i::::. .• , .. ~' 47.6?< 

36 20/6 0.29% 

37 21/6 o._:;4~:: 32.c,t. !.ij .r;;t, 75.35~ 

3~ 21/6 0.28~:: 2L~ ::;.~·~ . _, . )4.Cf'.: 58.5~~ 

39. 22/6 0.22.C' 26.·-:;c< 31~ .1:~ t;5.(F6 

40 22/6 0.35~' 

41 22/6 o.3a;5 

Peaks 3 and 4 are tho~e of Citral ~ ?..nd Citral b. 



- 45 -

Amr::::x - xr 

Harvesting/Distillation a:':'!e for Cvr.?po~<>-n Jils 
at Hetauda and 1'3.rhar~ Herb~l Fcrms 

I Plants Jan Feb 1i-'.ar A-cr :~y JunfJulih.ug1Se~' 

I Cymbopogon I I 
I ! ! I 

martini I 1 xxxfuxixxxixxxtxx I I var. motia ( Palmaro sa) I i i 
I j i I I . . ' ' I I ' ' I I . I I ; I I ' :La I • ! Cymbopogon flexuosus 

I I ' i:o-..-x·<~xx·-··i··vx·~·rc< !C' .. f:<XX I L ( ler.ion~r!tss) r . . . . ·-· --· .. . . .. . . ..... . . 
I . 

I ' ; ' I ' ' 

I I I I I I I • 

! Cymbopogon winteri;mus 
. . I . : ' • ! ; 

' ; . 
1 I • : I ~ I i . 
;xxx:rxxtx:<::{tXXX$XX:X xxx l ~tronella) I l ' I ! I I i l . 

Oct ~Nov : Dec 

I 
I 
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Al18X - XVII 

Scheme for ScreeninF, of Medicinal Plar.ts 1/ 

Literature, 
folklore etc. 

Collection 

Extractio 
2 

Bioassay 

Efficacy in assay 
dependent on use 

of la11t 

Negative 
Sto"D or 

Recoilect 

------~ Voucher specimen 
I to herbarium 

toxicology. 1050 

Literature 
search Toxicology aecoll~ction 

t:xtraction 

I I 
' 

Develop new 
Bio assay 

I 
Isolation Active Principle :4echanism of Action 

----------'JI See also "Traditional Pharmacopoeias aevisited. UMID0/10.;11 2; Aug. 1982. 
Y :-fay not be needed, reports may show that the plant is eaten. 
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;..~IT-TEX - XVIII 

Fellowship Programme Su5fiested by ~xne~ts 

It is our opinion b~t the fellowship prog:·;mr."e s'10uld ":>e rel= ted to 

the aims of the Royal Drugs Rese?rch laborator~· ar.d to e!'lhance its rese:crch 

capability. We recommend that staff be sent for ;., •. )c. or Ph.D. training 

and that this trai.~ing be jirectly releted to the projects of the ~oyal 

Drugs rle:;errch Iabor~tory as conceived in its lone te~ planning. 'rie see 

little benefit for RDli.L (or Nepal) when a :-:.3c. or a Ph.D. candidate on 

return to Kathmandu is faced with a si t'..latio!l \here her/his ex:perience and 

trai.11ing cannot be utilized due to l<"ck of f?cili ties and relevant projects. 

Sefore the candidates leave there sh:Juld be a cleAr understanding by the 

candid~te, t~e supervisor at :W;;{L a11d the host university on the relation

ship of the training to the rese< rci~ .o:ctivit:· of HDCIL. It does not strengtl1en 

.:l:C~L just to send people away for training without further specification.. We 

~·le l:Jeli~ve th: t the most appropriate t~·re of '::raining of members of RDRL 

would be that •·T!'.ich cornl:Jines indu.o;trial experi:?rcce with academic education 

(e.g. ::;;.::;;: awards and sandwich courses i:': U'K). 

rtS3uming that .:<DRL wishes t~ do rese~rch in the fields of medicinal 

pla"!ts/drug production we would recommend the following areas of treining: 

1. Chemist/Fharmacist - l·t.Sc.-Ph.I:. 

Instrur:ie~tal a~alysis rebted to {:he ~:,,. 'lili t·r te;c-ting 
of drugs with em~hasis on chromAto~ranhic me~~ods. 

2. Pharmacist - M.Sc.-Fh.D. 

Formulation of drugs and phPrmecokinetics. 'The training 
must be linked to a pharmaceutical company. 

3. Fh2rmacist - M.Sc. 

Formulation of drugs and pharmacokinetics. The training 
must be linked to a ph~rrnaceutic~l company. 

4. Chemist/Phar~acist/3iologist - M.Sc.-Ph.D. 

Toxicology (genersl ). 

5. Che~ist/Fhar':!lacist/Biologist 
,. ~ 

- i'l • .;.)C. 

7oxicology (specializing in techniques). 
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6. Pharmacology - M.Sc.-Ph.D. 

7. Research and Development ~ian=.I-·':lent in P'.'."'Ms.ceu+:i~al 
Industry - MIT-Cours.:s, .r.is.:.__ ~;_ .... 

8. Microbiologist - '."!. :;c.-?h.D. 

~uality assessment of pha.t.'l'i':::iC-:t.:t~ co:l oroc.h:cts. ThG 
training should be linked t'J a Gov-~·:·.:·.: . t-:i.~ Control 
Institute and a ph:-rnc;c<)utica:!. corr.p2"'.v, -crefer'.?~l·: 

in tr:e USr\.. 

Basic computc:r traini!'lg ccu: ... sc fJ~ ~~:: 

operator. 

10. ,:.n on-the-job training for a;.nrox. c; ~onths in x-i Indian firm 
working in the phytochemical sector f.-:Jr th:: :cchnicians at the 
pilot plrnt (at present t~e:-e aN t:lr"0). 

11. .;non-the-job training at '·!;,;iSOl'..S (possibl:· 3 ::ionths) for the 
boilGr mechanic. 
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'.tecornrnendations fo: - :' -···"".::-', ~t:co r.i :~" !'.lini:::: 
in the i:::xarnin::i.tbn of ?l:: :::t i::rt :riili,-ro; 

5iolo~ic.3.~ vi t;r 

It is assumed that a research 17roup c.;~:1!5istfrg P '!1~·:ij<:::t dir<.:ctor, 

a field botanist, a chemist~ a pharmaco:o~is~ q~d a microbfolo8ist has 

been established. It is furth~r assumt:d th"lt :i s;,:rLs cf obj-:ctives 

(specific plants to be examined) has b':'°';1 . st1 .·li::-'.":.::j "'~"': thc:t a prog

ramme of plant collection rel-ti::'lp- priorit:· tc av:.--ila~ilit~r he.s also 

been esta~lished. It is desirable th2t ~ n·..un~ricnl t~rget is set for 

the group, this target will be depende~t on the facilities ~vail~ble 

eg. ple.nts, number of extr-ctors, ev.:ihbilit•! of enough a"liml'lls and 

sufficient st~ff. It is also highly desirable thGt the reseerch group 

s!':.ould meet freouently :-nd fom.<>ll·r (i.e. thet :J.11 members should be 

present at a specified plPce ·nd time). 

It is anticipated thPt the project director tvill keep a file for 

each plant species which will bclude an indic.:tion of the reasons for 

for the choice of the particular species, the types cf ~ctivities which 

hav~ been reported P.nd a few key references. Th.:se dat3. will bt: of use 

whan eve.lue.ting the plant and planning n.ny fuhtre action. 

• This chemist should have special experi0~ce within :r.e fi8ld 
of analytical chemist to offer assistP.·,ce P!'ld l'ldvice ir; "uestions 
concernin~ oualitv control. 
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P1 
Plant Colkction Form to be filled in by Field ColLctor 

as f2r as possible IN TH: FI~LD 

1. Plant name: Nepali name: 

2. ?l::.nt p.o>rt: 3. Specfos no. 

4. Collection i'fo. 5. D~te coll.:cted: 

6. Voucher specimen :-re.: F/SSS/CC/DD,DD,DD/V/P 

?. Site of coll~ction: 

8. Condition of nlant Nhen collected: 

9. Condition of field stor~ge: 

10. ,'.,mount of material availa~le at collection site: 

11. CommE:nts: 

12. Field note book ref: 

13. Plant collected by: 

14. Plant delivered to: 

15. Date of delivery: 

Copies to: 

Proj~ct Director 
Chemist 
Pharmacologist 
Microbiologist 
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P2 
Chemi~al Extr-ctiQn Forn 

:r.::pnl i nr~me: 

2. Plant pert: 
-------------~ 

3. Snccies No. -------
4. Collection No.: 5. D.::te collc-cted: -------
6. Specimen No. : C/SSS/CC/DD, DD, DD/EE 

7. Date received: 

8. Condition of material on d~tc of extr?ction: 
-~----~------~ 

9. Drying method: 
~------~--

10. 'leight Drfod Plant -----

11. Dcte extrn.ction commGnccd: ---- 12. Date extraction c~mpleted ~ 

13. Solvent: 14. 7im0: 15. Temper~ture ----------
16. Deionized Y or N 17. Concentrci.tion procedure: -----

18. ~esidua:i waight: ----- 1 9. Dr:i weight equivalent: 

20. ~queous solubility: --- 21. ..ppercrcc.ncc: -------------

23. D:te sent for bioassay --- -----
24. ,·t!llount sent for microbiolor.;ic.::-1 t,;sti!lc: ______________ _ 

25. D~te s~nt for microbiological t8sting: 
~~-------

26. Comr.:ents: 

27. Note book no. page no.: 

28. Extraction cnrri~d out by: ----------
30. Extr?ct delivered to: ------------
32. Date: 

-----~------

Copies to: 

Project Director 
s.~ tcnist 
Phrrm:'.lcologist 
Microbiologist 

29. Signature: 

31. Signature: 
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P3 

Bio~ss.:1.y 1. 

Phrrrnacologic~l t~stin~ 

4. Collection No. 5. Date collected: ---------- -~~---~~--
6. ;:xtrr-ct No.: 3/SSS/CC/DD,DD,.!:JD/:Z/,.,:. 

7. D~tc received: 

9. Solubility/Vehicle --------~------
10. 3eported activity: 

11. ..ppe<'rance : __________ _ 12. LD50 

14. D-te commenced: ·13. ,.s:=.c:..y Type 
--------~--

16. ED~,., 
JV 

17. Com~ents (record or rcf~r to S?..~Y 0th~r bioassay ~nd toxicity d~tn) 

13. f~te book no. page no. 

19. C?rried out by: Signr:ture 
-------~----- --------~ 

20. I:i~te --------------
21. Comment n~d recomrnendrtion by Senior Phorm-cologist. 

Copies to: 

Project Director 
3otc:nist 
%.;;mist 
l·iicrobiologist 

-1 
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24 

3io=i.s.s~v 2 

Microbiologic.:?l testi:t~ 

2. Pl?.nt pr:irt: 

4. Collection no. 

6. Zxtr"ct No.: M/SSS/CC/DD,DD,DD/:7"'/TT 

10. Reported activity: 

11. ;,ppec.r2.nce 

12. Test type 

1 u.. .. cti ve: y " E . ' ~·,' 

15. Co~r.ients: 

16. Note book no.1 page no. 

17. Cnrried out by D~te Sign~ture 
~~--~~~~ --~----- -----~-

18. Comments !'nd r::comrnend2.tion by Senior Microbiologist: 

Copies to: 

Project Director 
3ot;;.nist 
Chemist 
Ph,.,.rm.~ cologist 



Key to Form 

Form P1. Field Collection 

1. Plent n::-rne, both binominl ~-nd local. 

2. Plant part. 

3. Species no., this should be ~lloc<ted from the m~ster list 
of pl~nts SSS 

4. Coll~ction no. this is allocated by the botanist in the field 
.:::..,d refers to his collection, this should clso be recorded 
in the field note book. 

5. :Ccte collected. The date the specimen was collected !!.21 the 
d2tes of the collecting trip. 

6. Voucher number. 

F~Field coll2ction, SSS from 3, CC from 4, DD,DD,DD date from 5. 
V:Voucher specimen, P is the pl?.ce at which the voucher specimen 
is lodged eg. T, Thc.pathali, G, Godavt>ri (Not yet fixed). 

7. Site of collection. 

8. 

10. 

11. 

12. 

13.~ 
14., 

15.~ 
16., 
17. 

This should be described in sufficient detail to allow a 
recollection of a sample of the s~me population from the 
~ site - was it in heavy shad;:-Qn M or S facing slopes 
etc. 

Condition of pl?nt, (was the plnnt in bud, in full flower etc. 
w~s the pl?.nt infested wit~ fungi or ants etc., h~d the plant 
been drm,..ged by browshg animr=ls.) 

Condition of field stor~ge (burl~p ~cgs, plastic, loose, bottom 
or top of large pile of m~teri~l.) 

;mount av2.ilnble at colL.::tion site, wo.s th"' pl:!'lt abundant or 
sparse. 

Comments - cc:z: be used to cxp:~_,d 7-1, 

FiE:ld Note Book ref.::re:1ce, p .ge ::o. 

Name, printed ~nd signe.tur.J of co2.l..ctor. 

&me, printed a.,d signC'cturc cf P·~r~'.:la t"king o•r~r the pla.11 t 
from the field coll<;ctor. 

Date plant materi~l passed to ~~xt p~rson (prestll'.la~ly the 
chemist who is rcsponsibla for cxtr~ction). 
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Form P2. Chemical Extraction Form. 

1-5 ~s P1. 
6. Specimen No. C indic~tes chemistry, SSS/CC/DD,DD,DD as P1. 

EE extr;;.ction No. alloccted by chemist. 

7. D..,_ta received by chemist. 

8. Condition of material on date of extraction. 

9. Drying method 
10. Weight of dried pl2nt - if only part of the sample is used 

for extraction then this should be indicated here and thet 
figure used in the estimation of the Dry Weight Equivalent 
( 19). 

11-12 Dates extraction commenced and completed. 

13-15 Conditions of extraction 

16. Has the extract been deionised? Yes or No 

17. Concentrotion procedure. 

18. Residual '•!eight 
19. DWE, this is the yield of extract from one kilogram of dry 

pl~nt 18/10 g/kg 
eg. if 500 gr~ms of dried plant gives rise to 150 grams 

then DWE = 300 g/kg. 
if 1.4 kg of dried plant gives rise to 15 grruns then 

DWE = 10.7 g/kg. 

20. Aqueous solubility: Yes or No. 

21. Appearence 

22. Amount sent for bio~~~~ 

23. Dcte sent 
24. hn!ount sent for microbiological t~sting 

25. Date sent 

26. Comments 

'Z'l· Note book no. ?nd page no. 

28-29 Name and signature of chemist 

30-31 Name and signature of phC'.m<-.cologillt e.nd microbiologist 

32. Date material passed to ph~rm~cologist and microbiologist 
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For:n P3. 

1-5 as P1. 
6. Extract '.'lo. B=Bioasmiy, ..:..::..:>,,_;G,D,J,;),:,~: :.s P1 ,2. 

EE extrc.ct !:tt.'7l':l-"r "'s PC', · ... bio:-.ssay number. 

7. D~te received from chcnist 

8. Dry weight equivalent fro~ ctenist 1 s f0:r.-:. 

9. Solubility/Vehicla (if not sol. i.!1 ·.r:.·t ::- vehicle should 
be recorded here). 

10. ;,ctivity reported in litd· t·.1rc. . .,:;;. ::th,.l.':lint:-:ic. 

11. .:..ppe=..rence of extr::.ct c.t ti:::<: :if bio,~s.:;;ay 

12. LD
50 

13. ...ssay type performed. eg •• .ntidys.::-, tery 

14. Date assay commenced 

15. i'.,ctive, Yes, No. Equivocal. 

16. If active, ED
50 

17. Coc.ments - refer here to any other bioassay crid toxicity data. 

18. Note book ref. no. page no. 

19-20 Name, Signature, of person who cnrried out assay e.nd date. 

21. Col!lt!!ent and recommendetion by senior ph~rmacologist. 

Form P4. 

1-5 as P1. 
6. Extract No. M=Microbiologice.l test SSS/CC/DD, DD, DD, 3S P1 ,P2,F3. 

EE extrect nurnber ~s P2. I'T Microbiological test 
number. 

7. Date received from chemizt. 

8. Dry weight equivalent from chenist's foI'!!l. 

9. Solubility/veh .cle (if not sol. in '.oJP.tcr vehicle should be 
recorded here). 

10. :.ctivity reported in lite:r-:ture 

11. :.ppear'.:nce of extract at tir.?e of '.':licrobiological testing. 

12. Test type performed e.g. ~ntibrctcric: - ~.coli 

13. D~te tast commenced 

14. ,.ctive, Yes, :·ro, t:quivocal. 

15. Comr.i en ts 

16. Note book ref. no. page no. 

17. :fame sign~ture of person who carried out test a.'ld date. 

18. Comr.:~nt ·=i.d r9COl!1mendction by senior microbiologist. 
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3io~ssay of Pl~nt Materi~l 

The bioassay results may b.; :·egr'tivc, positi Ve Jr equivocal. 

If the results ar equivocal then a tig~ r d~se r~~;e should be 

used if possible - or <::. differe>:t rot~':e of "d!":i!'"i.s+-r·tio'" or a diffcre!'lt 

vehicle. 

If the results are ne5~tive tten no furt'1er ~ction ne~d be taken, 

however there may be reasons to bt3li:ve t::~': t~.; !"c-·tiye te~t is not a 

good represe!lt;otion of t'1e pl<P..ts' acti•r:.ty ".:i.d e. i':igr.~r dose r<:>.!'l.ge r.iay 

be tried. 

If the results are positive t~en no further action need be taken, 

it would however be v2luable to know if the Rctivity was always the 

se .. "!!e. 

Thus given any result it could be argued th~t a second collection 

should be ~ade at a different time of the ye~r and the activity of that 

extr~ct co~pared with the first. 

~ Certain modifications have bGen suggested, 

1. Sp~cimen nUC!b~r SSS not be included. 

2. V end P not be included. 

3. Th<:tt the ethnic group using the: ··~r~pali' n!'.me be included. 

4. That when possible photogr~phs of the meteri~l ~e made 
and a question. Photogr~ph: Y, N be ~dded to tha 
Field Collection forr.1. 
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ANNEX - XX 

Batch Control Form for the Production t::>.i ts .. 

Fror.i: Bntch ~o. 

Nnrne of the pl~nt/type/selcction: 

I.occ.tion :-nd d.~te of collc.ction: 

:::.Oc~tion a."ld d<Cte of distillc-.tion: 

hrnount of plant m~tcri~l coll~ct~d: 

Period of distill~tion: 

Yield: 

Storage conditions: 

Comr.ients: Date rmd Signature: 

--------------------• This form con~~rns the production of :ssential oils. 

• 
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;.~.fr'EX - XXI 

Ir.tpurity levels 
~htrcgc!'. 

(opm) r.1axirr:um 
'.:•rdro r;er:. ----

o_ 4 4 
c:. 

Moisture L, 

co
2 

c.5 

co J.5 1 

N-Oxides 0.5 0.5 

Ar 10 0 

H 
2 

1 

N2 
100 
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AN1JEX - XXII 

List of Plants Growi_n.e; _~-Nepal to be te~:ed 
for the Content of ~~ .... w.._a ..... J~l a.uci Evaluated 

as Rav Material for Future P!"oduction .::if Aron:a compounds 

S.No. Family 
, T t 1 No , Species rei:.orted t::: Distribution 

0
; ~e;ie•s .(cconta:.

1
nv·t.sse::".:

1
:.".l ~-:;.11) (Altitudes in Availability 

---------------------~----------~----o_m_m_o_~~-ernacu ___ a_r~'1-an_.P_. ______ M_e_tMer_s_).__ ______________ _ 

1. Malvaceae 

2. Pinaceae 

3. Mimosaceae 

4. Araliaceae 

5. Compositae 

6. Araceae 

7. Acanthaceae 

8. Rubiaceae 

9. 3utaceae 

10. Comuositae 

11. Iaeiatae 

12. Mimosaceae 

13. Liliaceae 

14. Zingiberaceae 

15. Compositae 

16. Rantmculaceae 

17. labia ta~ 

18. Annonaceae 

19. lhbelliferae 

20. Sapotacaae 

21. Cassalpinaceae 

2 

5 

2 

1 

1 

1 

1 

1 

1 

4 

9 

1 

10 

10 

1 

1 

1 

2 

5 

i. Abies pincirow 
ii.A. spectabi:is 
(Himalayan Silver Fir) 

Acacia farnesiar.a 

Acorus calamus (Bojho) 

'.-1( 1800-2600) 
1;JCE( 2500-3900) 

WC( 100-1520) 

WC(1300-2550) 

Adhatoda vasica (Asuro) WCE(180-2130) 

Adina cordifolia (Karma) WCE (150-770) 

Aegle marmelos (Bael) WCE (200-1070) 

Ageratum conzoides WCE ( 180-2280) 

Albizzia labbeck WCE ( 270-8 50) 

i. ·11ium cepa (Pyaz) Cultivated in 
ii. "• sai:ivum 
iii. A. wallichii 

Arnomum subulatum 
(Cardamom, Alaichi) 

i. Anaphalis contorta 

i. knemone e:ongata 
ii. A. rivuleris 
iii. A. citifolia 

Anisomcles indica 
(A. ovat~) 

An.~~na squamosa (Sarifa) 

Archangelica officia-
nalis 

3assia butyrncea 

Bauhinio veriegata 
(Koiralo) 

tropical and 
subtropical zone 
WCE (2130-4000) 

Cultivated in 
subtripical re
gion of "Sa.stern 
Nepal 

'tlCZ ( 450-4420) 

'./CE( 1460-3350) 
CE (2000-4000) 
':ICE( 1300-2800) 

CE (200-2130) 

WE ( 180-1200) 

c (2440-2740) 

CE (780-1430) 

WCE (610-1830) 

F 
A 

R 

F 

F 

A 

A 

A 

F 

A 

A 

A 

F 
A 
F 

F 

F 

F 

A 

F 
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s.~ro. Family 
Speci0s reported to 

Total No. I conte.in essentiel oil 
of species ( I ) 

Distributior. 
(Altitudes in 

i·!eters) 
Availability 

22. Boenninc.geusenia 
(Rute.ceae) 

23. tbbelliferae 

24. Pcpilionaceae 

25. Verbenacece 

26. Cannabinaceae 

Z?. Cruc ferce 

28. Sol0>.naceae 

29. Caesalpinaceae 

30. Pinaceae 

31. lknbellifer~e 

32. Gre.mineee 

33. Laur1:1ceae 

34. Menispermaceae 

35. Rutacae 

36. Rubiaceae 

37. Unbelliferae 

1 

5 
1 

3 
1 

1 

2 

6 

1 

2 

3 

3 

1 

3 

1 

1 

38. Cuminum (Unbelliferae) 1 

39. Cupressus (Cupressaceae)1 
(Graminae) 6 

40. Cyperus (Cyperaceae) 11 

41. Dactylis (Gramineae) 1 

Commc"'! Vernoicular Name 

Boenningcusenia albiflora WCE (400-3250) 

Bupl.:uru.'!I c::!ldollei 

Cajanus cajan (3ahar) 

1rcE (20>30-3810) F 

Cultiv~ted through A 

Callicarpa macrophylla 

Cannabis sativa (Bhang) 

Capsella bursa-pastoris 
( Lady's purse ) 

Capsicur.1 annuum 

out tropical region 

\-!CZ (230-2130) 

WCE ( 180-2800) 

WCE (1300-4660) 

Cultivated in tro
pical & subtropical 
region. 

Cassia fistula CE (260-1370) 
( Paj briksha) 

Cedrus deodata (Deodar) W (2100-2500) 

Chaerophyllom villosum C (1520-2900) 

Chryspogon e.ciculatus 1·/CE ( 120-1600) 
(Andropogon aciculatus) 

i. Cinnarnoum c:;.rnphora 

ii. C. tar.iala 

Cissamne los pe.rei;;.~n 

i. ::: '.:·1.;:3 :.ur::.ntiur.i 
ii. c. r.icdica 
i. C. buchA.nr.nLc _. 
ii. <::. nont:·r!c:. 

Coffea sp. 

Cori!:'.1drum 3r- ti TUi'.'1 

( Dhaniyc::.) 

i. Cupressus torulosc 
f lexuosus 

ii. c. pendulus 
(Andropogon nardus) 

iii. c. strecheyi 

i. Cyperus niveus 
ii. c. rotundus (Methe) 

Dactylis glomernta 

c (1300-2130) & 
cultivated 
WCE (500-1830) 

AG (180-2960) 

Cultiv~ted in sub
tropical region 
':iCT. ( 900-3750) 
'.:!CZ ( 1500-3960) 

8ultiv~ted in tro
picd ::nd subtropi
cr l r:gion 

Cultiv~ted in 
tropical region 
1/JC ( 2400-2900) 

CE ( 180-2000) 

c (200-1800) 

WC ( 100-2900) 
WCE (100-1600) 

we (1430-3500) 

F 

A 

F 

A 

F 

F 

F 

A 

F 

A 

F 

F 
F 

A 

F 

A 

F 

F 

F 
F 

F 



s.No. I Family 

42. Papilionaceae 

43. Thymelaeaceae 

44. Iabiatae 

45. Urnbelliferae 

46. Ericaceae 

47. Geraniaceae 

48. Zingiberaceae 

49. Sauruaceae 

50. Iridaceae 

51. Juiglandaceae 

52. Varbenaceae 

53. Iabiatae 

54. Liliaceae 

55. Verbena.ceae 

56. Laureceae 

57. I.auracae 

58. Anacardiaceae 

59. Iabiatae 

60. Magnoliaceae 

61. Iabi2tae 

62. Dipsaceae 

63. Myricacee.e 

- 62 -

Distribution T t 1 N Species reported to 
' fo a . 0

·• contain essential oil/ ' 
o species ( / ) Common1lernacular Name 

(Altitudes in 'Availability 
Meters) 

6 

3 
8 

1 

7 

13 

1 

4 

1 

1 

5 

4 

1 

1 

7 

1 

2 

4 

2 

3 
1 

i. Dalbergia sericea 
ii. D. sisso 

i. Elsholtzia flara 
ii. E. fruticosa 
(E. polystachya) 

Foeniculum vulgare 
(Saunp) 

i. Gaultheria fraeran
tissima (Dhasingare) 

ii. G. trichophylla 

H. spicatum 

WC (150-1680) 
WCE (".80-1220) 

c:: ( 1500-2590) 
WCE (1680-3500) 

Cultivated in sub
tropical and region 

CE (610-2900) 

CE ( 2700-4500) 

CE (260-2770) 

Houttuynia cordata (Gande) WCE(1220-2440) 

i. Iris decora C (1830-4850) 
ii. (I. nepalensis) 

( Padarn Puskar) 

Juglans regia 
(Wallnut, Okhar) 

Iantana c~rnera 

i. Leucas cephalates 
ii. L. mollissima 

Lilium nepalense 

Lippia nodiflora 

i. Machilus gamblei 
~Kathe kaulo) 

ii. M. odoratissima 
(Kaulo) 

Mangif era indica 

i. Mentha arvensis 
ii. M. sy~vestris 

i. i>iichelia champaca 
ii. M. kisopa 

Micromeria biflora 

WCE ( 1370-3000) 

!·feed in subtropical 
region CE 

WEC (180 .. 2000) 
WCE (500-2400) 

WCE ( 1430-4200) 

·.~CE (180-1630) 

c (610-2130) 

WC (1520-2400) 

Cultivated in tro
pical and subtro
pice l region 

Cultivated 

c (300-1500) 
c (1280-2130) 

WCE (5QO-a660) 

Marina longifolia WCE (2290-3800) 

Myrica esculenta (Kaphal) WCE (1370-2650) 

F 
A 

F 
F 

A 

A 

F 

F 

F 

l' 

A 

A 

F 
F 

F 

A 

F 

F 

A 

F 
F 

F 
F 

F 

F 

A 



- 'J] - l 
' Total No.' 

Specias reported to Distribution t 

S.No. Family or species contain essential oil (Altitudes in Availability 
(Common!Vernacule.r name) l•ieters) 

64. Valerianaccae 1 Na.rdostachys grandiflora WC ( 3650-5300) F 
( N. jatarn::insi) 

65. Labiatae 5 Wepeta leucophylla we (2100-3500) A 

66. Solanceae 2 Nicotiana tebacum Cultiv~ted in tro- A 
pical ~nd sub-tro-

• pical regions 

67. Lubictae 4 i. OcimU!!I basilicum Cultivated in sub-
tropical region 

ii. o. sanctum Cultivated in Tro-
pical and subtro-
pical areas. 

68. Ur.tbellif erae 3 

69. Oliace~e 2 Olea cuapidnta w (1100-2130) F 

70. Iabiatea 2 Origanum vulgare WC ( 1800-3500) F 

71. Olec.cea 2 Osmanthus fragrans c (1300 .. 2300) F 

72. Santalaceae 2 Osyris wightiana WCE (700-2200) A 
(Noon Dhiki) 

73. Pandanaceae 2 

74. Iabiatae 1 Perilla frutescens WCE <200-2140) F 
(Seelam) 

1 

75. Pinaceae 2 i. Pinus roxburghii \'ICE (100-2200) A 
(chirpine Rani salla) 

ii. P. ~alliciana 'ICE ( 1400-3900 ) A 
(Blue pine, salla) 

76. Apocyanaceae 1 i. PlUC1cri~ acutifolia Cultiv8ted in sub-
tropical region 

ii. P. plebeiun \ICE ( 300-2100) F 

77. Rosaceae 1 i. Pyrus pashia (i.;ayal) we;; (900-2400) F 
ii. R. scleratus 1.~CE ( 280-2400) F 

78. Polygonaceae 6 Rheum emodii CE ( 2300-3600) A 
(Pa dam Chall ) 

79 •· Rosaceae 4 i. Rosa mccrophylla 1'/CE ( 1400-4700) F 
ii. R. scricea './CE ( 1700-4900) A 
iii. R. webbiana w (2300) R 

Rabws. paniculatus WCE (900-3000) F 

• 80. Polygonaceae 4 Rurnex nepalensis WCE (900-3000) F 

81. Buxaceo.e 3 Sarcococca hookeriana WCE (900-3300) A 

82. Saurauriaceae 3 Sauraulia napaulensis WCE (700-2100) A 
(Gogan) 

83. llnbelli!erae 3 Selinum tenuifolium CE(2100-3900) A 
(Bhoot Kesh) 



s.No. I Far:iily 

84. Pedaliaceae 

85. Dipterocnrpace2e 

86. Rutaceee 

87. Compositc.e 

88. Oleaceae 

89. i-'!yrt.:icec:e 

90. Compositee 

91. Iabiatae 

92. Apocyanaceae 

93. Papilionaceae 

94. Pinaceae 

95. Malvaceo.e 

96. Valerianaceae 

97. Gramineae 

98. Violaceae 

99. Lori:mthaceo.e 

100. Verbeneceae 

101. Compoaitc.e 

102. Rutaceae 

103. Zingiberaceae 

- o.:.. -

Sp0cies reported to Distribution 
' Total t-'o.' contain essential oil/ ' (hltitudes in 'Availability 
of species ( ;~r Cor.ir.ron • Jrnacular Nace) ['.aters) 

1 

1 

3 

1 

4 

3 
1 

2 

4 

1 

1 

2 

1 

8 

3 
1 

1 

5 

1 

Sesarnum i:idicum 

Shorea robusta (Sal) 

Skimmia laureola 

Sphaeranthus indicus 

Syzygium curnini 

Tenacetum vulgare 

Thymus serp7llum 

Trachelospermum 
T. repens 

Tsuga dumosa (Hemlock) 

Urena lobata 

i. Valeriana hardwickii 
( Nakali Jatemansi) 

ii. V. jatrunansi 
( V. wallic hii ) 

Vetiveria zizanioides 

i. Viol~ biflora 
ii. V. pilosa 

Viscurn album 

Vitex negundo 

Xanthium strurnPriurn 

Cultiv2ted in tro
pical e~d subtro
pic?. l regions 

WCE (up to 1200) 

WE (2400-3000) 

t.JCE (200-1100) 

WCE (1,'I0-1980) 

'.o/C ( 2600-4700) 

c (2440-4100) 

WC (300-2700) 
c ( 1300-2700) 

WCE (2100-3900) 

WCE (300-1980) 

WCE ( 1200-4 300) 

WC ( 1500-2600) 

w 
'.'ICE ( 1800-4000) 
'.~GE ( 800-2900) 

~rJ ( 600-2400) 

'ICE ( 120-2100) 

':JCE < 150-a4oo) 

i. Zanthoxylum ':!CE (1680-2600) 
acanthopodium 

ii. z. ?.rm<" tum ( z. 1'\laturn) 1.~CE (900-2900) 
(Timur) 

iii.Z. oxyphylum 

Zingiber officinnle 
(Zinger, Aduwa) 

CE ( 2000-Z?70) 

Cultivated in tro
pical ruid sub-tro
pic1" l regions. 

A 

A 

F 

F 

F 

F 

F 

F 
F 

A 

F 

F 

F 

F 

F 
F 

F 

A 

F 

F 

A 

A 

A 

• 
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