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I. CSUMMARY

The basis of this report is concernmed with the asvects of the
instrumental equipment at the RDRL, bringing it up to a position where
the instrumentation meet modern requirements for a resesrch lahorstory.
Secondly the setting up of a working programme to be continued in the
coming years for the screening of plant material which have been selec-

ted for investig-tion was of importance.

The conditions in Nepal are favourable for the starting of smzll
scale production of plant products. However, rigorous stondard methods

for the control of the precducts must e develoned and applied if these

products are to achieve a market. A UNIDO expert in economic mapping
has started a survey of ievel and his investigztion will naturally be
the basis for the plants selected for cultivation or collection.
However, it is my opinion that RDRL should carry on with the collection
of the esrential olants from all cver lNepal to establish a Nepalese
standards (i.e. Cortex Grenati) now that the necessary instrumentation
for phytochemical work is present. However, whatever rich the flora
of Neral may be, the amount of work necessary to estshlish own standards

must not he underestimated.

The biological depertments of the RDRL are the weakest 2nd most in
need of future strengthening. Therefore some of the instruments have
been chosen deliberately to enable the chemiczl deprrtments either to
vrovide the section of pharmacology with purified extrscts or ‘pure”
compounds - or to analyse more thoroughly any extract showin: positive

pharmaeological effects.

To replace imported pharmcceuticsl products with indicenous drugs
require extensive pharmaceuticzl/pharmecologsical testing without which
no success can or will be achieved. It is therefore stressed thet tne
development and production of medicine based on indigenous material is
a long and tedious process. RDRL being the key lshorstory in this the
development in Nepal certainly will need long term support to achieve
the gnals set by HMG.




Specifically is also me-tioned the necessity of a cooperztion with
other universities concerned with rese-rch in phytochemistry. Such a
contact could lesd to a joint Ph.D. programme ~nd f-cilitote the

exchoanze of Ph.D. students.

To enable Nepal to enter the market of perfumery chemicals a

number of essential oils are investigated. Total oils or ‘cuts’ thereof
may be successzful products for liepal in the future. The programmed
harvesting - distilletion and anslysis being done at present will he
carried out into 1935 and should provide RDRL with necessary data for
product evaluetion. This programme will be extended to other plants
containing essential oils. Instrumentation and methods for essential
oil control has been established, essential oil stendards have been
evaluated <nd a good start in the field of essential oil evaluation

achieved.

In the field of pharmaceutical drug control the instrumentation
provided should be sufficient for efficient control, however, post-
graduete experience from otier drug control laborztories is urgently
needed for the officers. Furthcr-more support from (M-experts is also
strongly recommended because the concept of state drug control is
depending upon international ccoperation to Ye of any use to the country
it is anplied. It is therefore necessar+ and recommended thzt regional
cooperztion between liepal and Sri Lankz, 3hutan, 3an;ladesh, Burma,
Theiland, India, Singapore, Malavsia is estahlis~ed on a continuous
basise This cooperation does not only concern the 2:inect of drug
quality control, hut should also include the esta:liskmert of small

manufacturing units hased on indigenous plaent material.

Concern is given to the necessity of hcving a ragulsr sup-ly of
chemicals, vector gases and continuous supply electricitv without which

the work being done will turn out to “e extremely inefficient.

The regular meetings of staff (every week) which are initiated
to discuss problems occurred will further strengthen <the cooperation

hetween sections.
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It is the opinion of the expert that RDiL has been consideradly
strencthened due to the input of instrumentestion ané to the discussions
with RDRL's officers om the nlenning of resesrch activity. As pointad
out research in the field of 3ri7~ --° drug ~reductinn is a long-term
undertzking 2nd need therefore long term sunrort. Chserving the nead
for Meral to develop production facilities for cheaver druss this must

he considered a laudahle pronject.

.z increase in thc speed by which the Royal Drugs Rescrreh Laboratory
turns into a moderm drug rese:rch ls-orstorv l3rgelv depends upen a
continued suvport by the Ui agencies. Ahs pointed out during numerous
dizcussions the developing of accenta-le Jrugs is never a short term
project, but takes many yeers to realize. The expert will therefore

most strongly recommend more supgort to be given to RDRL.




1« MG of Nenzl has decided to start a rrogramme to make the country
seif-reliant of the ‘essenti-1 3rugs™ in the future. Such a
progremme, which must be supported, is a long term nroject which
will require exteasive suprort by the United :ations in the form
of exgpert assistance, purchase of equinment as well as suprort

for nost-<raduzte studies.

2. The analytical devertment/quality control must be further streng-
thaned resrrding the analysis of drug standards. More training
in projscts, vherz a close cooper=tion between the pharmacologi- .1

and anzslvtical department is required, is necessary.

3, The close cooperction hetween herbal f2rms and the central labora-
tory shruld be ceontinued as this is necessar for the evaluation

of the essen%ial oil production.

4, A1l efforts must be concentrated on the nroblem of continuous
energy supply without which the work in an amalytical laborstory

becomes very difficult.

S. A su»nly line for vectoar gzases and essential chemicals should be
established on a regulsr hasis to overcome the difficulties when

RDRL run out of -=ome esssati-l itsm-~. A Calcutta-Xathmandu line

seems the most obvious solution.

6. Cther es .ential o0il standirds ought tc 9%e procured from tne main

irternationcl companies dealing with gerfumerv raw materials.

7 The standards, wnich have to te kert in the rifriger~tor, ought

to he controlled regulsrlr by Gll-anclysis.

8. Closer cooperation ~vith one or two universitias in Eurowe is
recommended for the exchange of results and ideas concerning

resesrch and post-craduate educction.

S, An updating of tne literature availsbl:z in ile»al on indigenous
medicinal herbs is strongly recommended. A computer-based
literature search should be carried out. A revised list of

medicinal herhs should be made.
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Extend the contacts with other drug control lavor-teries in South
Bast Asia. This is most essential for the derartme-nt of Drug

Guality Control.

Maintain a stcck of 'eessential drugs' at the FDRL and continuously

check their purit;.

Train some of the officers in instrunent meintenance. More than

one person must heve this as his/hzr respensihility.

Continue to keep the analytical result on the ccmputer file to

allow easy access to nrevious result on drug analrsis.

Keer records on the uszge of solvents for the HPLC as this will

change the purchase pattern of solvents considerahly.

Encourzge the officers to have weekly meetings to discuss problems

rzgerding their rese-rch projects.

Make a programme for regular maintenance of the instruments.




III. JOB DESCRIPTION

To develop further the existing facilities for the eroduction of
plant derived pharmaceuticals at the Royal Drugs xesearch Laboratory

The expert analytical chemistry/qualiiy control will be expected

to conduct quality assessment on pharmaceutical rrocducts.

Specifically he will develop analytical methods for determining
the content of active ingredients in medicinesl and arometic plents

and all products prepared from these plsnts,




IV. 20D7 OF ynf sOFCiT

Ae General Remarks

Te I+ is tue rolicy of MG to make Nepal seli-reliant of essential
drugs. The foreign exciange resources does no- permit the acquisition
the besic needs of these essential drugs. One way in which this situation
car be met iz in the development of pharmaceuticals derived from plents

used in the tr~ditional systems of medicine.

2. s utilize pi@nt derived ohrrmeceuticals or chemical products
tne stendcrdization of nrocedures and technigues in the preparation of
such extrrcts would »e a first step. In order to ensure the wide accep-
tance of extracts Ly hezlth authorities in hoth develovoing and develored

countriss it would he necessary to ensure the Zollowing:

ae Autnenticated pl=nt material of uniform quality -

.  Strict ccnformity to prescrined/predertermined methods
of extraction

Ce Rigid control of auality during all st-ges of nroduction
an¢ in the final products.

These point must also be stressed her reserrch on pisnt

meterial/plant products is cerried out.

3, The Royal Drugs dese-rch Laborztory nas a srlit function -
one 1s to carry out rec-arch into the usage of indizinous pl nt for
drug production and essential nil rraoduction - the second one is to act
as the national drug contrsl lahor tory. For these two cper-tions
adequzte fzcilities regarding, manpover, libr-rr, instrumertation and
wack-up of technical maintenznce are necescrry. .7 Op r=tion therefore
started up as summing-up of the status n< tre 2D3L reg rding analyticsl
eguipment and discussions itk counter—rrts and technicel experts as t»
now we best could imcrove the facilities. With this aspect in mind tne
1ist »f equipment was c:nnged to hetter suit the immediste nrohlems to

ne snlved in RDRL (Fewruzry 1972).

Since the functionc of the RDRL must cover resesrch and
national drug control it is importsnt th-t the investment in instru-

mentetion should cover ecuipment to be ugsed for hoth purposes.
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lefere returning to the instrumentoticn I inspected the lowcli ics

for analytical, instrumental snalysis. Three lsrge rooms nzs been set
asicde for this section. TIwo of the roems acting as é lakvor. tor- nd the
third one being used as a temporarv strre. In view of the fict that
lerger extra analytical instrumentstion would be ‘9laced on order a
repainting and dividing of the third rrom was discussed “ith Dr. 3.R.
Adhikari ond Dr. S.3. Malla. As soon as the ilenclese fiscal ye: r would
start this third room would “e mzde readv for new instrumen:ation (July
1583). As instrume-ts like computers and Fourier Transform Infrared
renruires reasconahle dustfree surroundinrs it is important th:t

at lesst one room he kert ¢t thet st:ndzrde.

The third roem was then divided into two whereby one pert was
to bYe the place to wut the microcomputer 2nd the Fourier Transform
Microprocessor, the sther —as intended t5 be storage for snare perts
for the lerger instrume-ts. The three rooms are all equipped with air-

conditioners to erhance <“-e stability of the analvtical instruments.

the section of instrumental analysis was -lso ¢irrying out
simple mezsurements like pi dete =nd routine spectrophotom:tric anslysis
recuired by the sectisn gualit— control/nublic anslysis. After discus-
sion rith Dr. J.R. :idhiksri and Dr. Malla it was decided to divide one
of the lahoratories on the ground floor to meke it suita“le for these
routine rnalryses -nd thot this room was to be used by the section public

analvsis/quality control.,

2eing a landlocked country ~ith trensport-tion problems it is
o=vious th t tre running of a research lahori.tory will create problems.
Regulcr supoly of vector gases and chemicals is crucial to a continuous

operz2tion of the lahorctnry.

dven with the best of plenning it is inescapshle thzt a
shortage of suv-ly of certzin chemic=ls will occur. It is trerefore
of utmo=t importsiace thst a sup~ly line from India should be maintained.
This susoly line would allow RDRL to get chemiczls within 2-3 weeks in

considered necassary by the expert.

=t the same time a ru~ning of the store in a more efficient
war will also hecome a necessity. 7o assist the administration a

micro-comouter which wnuld genernte stack lists weuld he necessary,
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Another zspect considered under the hording zenersl proceutions

s the continuous supnly of electricity (220 V, 5CZz). In the spring

P

1083 only some breaks during the working hours nccured and the nro-lem

was not cemsidered too serious for the ountrut of the results. Hovrever,
during the pre-monsoon and the monsoon perind, the si'uation heceme

worse and irregular breaks in electricity =verv day was exvarienced.

This kind of irregular power supply is disastrous t» instrumertal anal,
sis. It seems ahsolutely necessary to nave a gen=rrtor as a pow2r “Y2ck-up.
Two zener-tors have Heen ordered, however the one intended for the instru-
me-tal section hes to %e modified to He suitanle for 220 V, SCiz. This

w~s bheen discussed with tie CTA.

De égplz}igg}_}ggprstarx

Through discuscsions with <he coun<erpert, 2 survey of the lahorztery
fzeilitias and discussion=s with the tecrmical exnmert of rnhermacology the

fallowing equioments wers recommended far strengthening the lahoratery.

Te All round extraction unit, suitasle for liquid/ligquid and
ligquid/solid extrrction. This unit must be large enough to handle 2=3
xg(s) moterizl/liguide  This unit is supposed to be the next scaling-up
from t-e amounts of plent materizl used for screening at hench level.
Tt will 2lco ensble the hindling of plant meterial in amounts neces=ary

for tie isolation of chemicel constitueats.

FPO - OCLR75
Extractor 11/EX HZ
(J. 3ibby Science Products Ltd.)

2. A distillation unit large enough o scale-up the hench-level
experiments for semiprnduction scale testing. Inonsh essential oil
shauld be distilled in this unit to allow distillation time/yield
messureme-ts. This unit should further allow fractionztion or cutting
of +:e essential nil.

T¥IDO Purchase Order - 15=3~104S0

2 Distillatioa units (20 1.)
(Karl Kol GmoH * Co. KG)




3. The pl:nt material to be screened and further investizcoted will
ne collected in the wild 4y officers of the RDRL or “ought %y them in the
local mcrkets. It is, however, an a.salute necessity for any phytochemical
investigztion thet reference nlont . -t~rial He kont ai the Totznictl Gorden
at Godaveri =nd that a central rzc-rd keening svsizm bc followed up at the
RDRL. Any initial investigrtion of herhal materisl xust start with authen-
tic material i.e. material crllected fresh. I theref-re recomnend t-e
same record keeping orocedure as nrovnsed %y t-c technirzl exntrt nherma-
cology. For this record-kcering the 3DRL ma— use mo'ern frcilities zs a
computer. However the technical exwert aralytical chemistry leels thst
ti e officers of the HDAL should first »¢ *rzined in the usare of micro-
nrocessors (parsonal computers) to realize ti: advant--e of computer aid.
A micro-processor will also e aprlice™le to other fields concarned (quality
coatrol record keening, st-tistical c-lculetions and general computer
treining). fter discussion with counterpart =nd the technical exvert

nhzrm-cology, the purchrse of a second APPLS computer was recommended.

APPLE II(e)
Epson MX &0
Corvex Hard Disk.

L.,  Any research laborztory needs a good library. The books snd
journals press tly aveilzhle =t-the RDRL cover the field of anclytical
chemistry rezsonsbly well. The easy aveil=hilit: of a copy-service
from a larg:r liwrary is however ls_kin~. The service given to DAL
on requests of copies from other rase rch institutions hes hHeen slov =:d
often fails. It may be anticipated ti-t *the improvement we heve seen in
the postal services for Memel during the lrst yesr mey hove its imp-ct
on the communicaticn with otrar likr-riss. I found ic necessar- tn

recommend the purchase of =ome new books in analytical chemistrv nd

perfumery science.
(Lizt of hook amon: the annexes).

S. Vector zzses for g2s licuid chromeztography. Upon arrival in
January it was found thast no g1ses were av ils:le although an order
nad heen mlaced in leptemver 1782 for a summly from India. Having no
axrerisnce with thre easv or 4ifficult comunications with India no

immedizte actisn was taken. o emergency would eccur until later in



the yerr wnen harvesting/diztill tion *time would st rt. However as no

gases had appeared in the beginning of April plens were made for a direct

supply link with Calcutta.

One of our lzudcruisers were fitted out for transportation of
gas cylinders snd the UNDP office in Calcutta given due warning of our
arrivel.s 3ix empty cylinders were brought down to Czlcutta. The following

documents hed to follow the cylinders:

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

be  Documents showing where the cylinders were manufactured

¢+  Document from the Department of Explosives in India
showing the allowed pressure or that the cylinders
comply with the generasl specifications for gas cylinders,

Hydrogen gas is not available at short notice in Calcutta since
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 notifying, After six weecks the cylinders were ready for
shipring from Calcutta. I crnsider this information sufficisnt to
conclude that with proper plsznning grs c'n he brought up from Calcutta
within a week. This gas transport can casily be comhined with the purchase

of chemicsls as these usually 2-n " houcht off the shelf.

Fe Following up on the extraction units purchased, cquipment is
necessary for column chromstography. Witn this cquipmsit crude extracts
can be separated into frzctions or single comronants. Any resesrch
laboratory has a constant need of ref:rence compounds. Instrumentation
for low pressure liquid chrome tograghy is therefore strongly recommended
for the preperation of these compouncs. This kind of equipment is also
very much applicable to the separation of a crude plant extr=ct prior
to tiological screening. The low-pressure liquid chromatographic
equipment hes a fraction collector to enahl: autometic continuous
operation outside the usual working hours. A scperation and collection
of fractions of crude plant extracts is an operatinn that very often teoke
a long time,

Multirac Fraction Colleetor (LXB)

LOBAR chromatographic columns (E.Merck)
DURAMAT dosing pump (Chemie urrd Filter AG).
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7. Equipment for High Performance Liquid Chromstography is a
necessity for any rese:rch laborctorv dealing with drug anzlysis whether
it be govermmental contrnl tasks or besic resesrche. PFPrefcrazbly the
instrument should be eaquipped with a UV-detecctnr and a refractive index
detector. Additional facilities for gradient elution is not strictly
necessary "nd should be ~dded at a leter time when enough proficiency
in rzndling the HFLC-instrument has been acquired. The HPLC eguipment
should 2llow for analyticzl as well as prep~r-tive separations. What
is import-nt for RDRL, Nepal is the possibility of quick, efficient maintenance
service when needed. We therefore settled for a Singapore based

company with reguler service trips to India, Burma and Nepal.

High Pressure Liquid Chromatograph
(Waters Associates Pvt. Ltd., Singapore).

C. CTistillation of Zssential Oils

For ths investigation of the indigenous essential oils of Nepal
cnce the primary screening has taken place at the RDRL a larger scale
investig=tion of plont propngetion must teke plcoce in the herbal f-rms,
This prompted a visit by the technical exwert - analytical chemist to
Tarhera, Hetauda, Tistung snd Daman to insvect the distillation procedures.
With the expcrience of thes officers at tue herkal forms, suitahle routirnes
for hrrvesting 2nd distill-tiocu ~7 ~17.z arz »prlied following the genersl

reguiraments:

1. Plants must be collected following =~ progromme ~nd the. data

necessary for cuelity evalu-tion filled in or -1l forms.

2. Technical data concerning thec distill-tion procedures must

~lso be written on the zhove mentioned forms.

3. When a sample of essential oil is token the corresponding

forms will be attzched to it for transport to DRL and anclytical control.

L, Samples must be transported in containers of aluminium or

preferably glass on which the material hcs no 2ction. They shall oe
cléan, dry, and free of 1ll odours.
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Se Preccutions shall o¢ taken to protect the s=mples, the m-terisl
being sampled, the sampling implement nnd the containers for samples from

contamin-tion.

Fe To draw representcotive samples, the conten- ~ch container
selected for sampling must bhe mixed thoroughly, kv shrking, stirring, or

hoth, by suitehle me~ns or hy roiling.

7 The sample containers must be »f ruch =ize th't thcy are almost
but not completely filled by the samplc. Th: hocod spoce shall be between
S or 10% of the volume of the contriner dependine upon the method of

trensport adopted.

€e Zzch container must be sealed nir-tight ~fter filling and marked
with identificotion p-rticul-rs to ~llow compzrison with corresponding

forms. )

9 Samples shzll be stored in 2 cool place ~nd protected from light

znd excecessive veriation of tempcrature.

When the samples arrive at the centr=l analytical lzboratory they
are subjocted to GLC~znalysis. A diagram is made showing the vecriation
of the main constituents-yield with horvesting/distillation +ime. This
being done over the period of one yoar will give a bosis for determining
tre best hervesting time. The analytical conditions should be k:ot
constont znd the same for most essentiel cils to 2llow cemprrison between
stondsrd oils znd samples. The anrlysis by 2DRL and the reporting beck
to the herbal frrms is a reguler operctinn which will give thne officers
2t the individual ferms a much nceded h-ckup. It is of import-ncec to
develop a close connection between the £-rms ~nd the centrel ~n-lytiecel
lakor~tory. EZspecinlly, when the number of pl nts will increase in the
future, access to relinhle en-lytic~1l results will rllow the officers in

the fizld to everlu te thcir own work.

To improve the results frem the cxporiment-l herbel f-rms, emphasis
shnuld he given to plrn* selcction -nd in this c¢nntext more aid in the
agricultur~l sector is needed. As this sclection of plents is mede for
their essenti-l oil su-lity, tggeéyg%%ygest?blished for the Cymbopogon

0ils must hc continucd on 2 reguler basis with RDRLalso for other plants,




Do  Quzlity Assessnmcnt in assentizl Oil Productizn

To ensure propcr curlity chor steristics in the .sseatiazl oils produced
it is necesscry th~t the 2romrtic vlont moterinl be st-ndardizede Infor-
mation on the prover identity of the bazic pl-ut motori-l, horvesting
-~ of inter:st te the :

[

secson for optimum vield ~nd relevrat snslvtic-l 4
consumers, producers -~nd tr-ders i. essenti-1l »~ilc ~ust follow czch brtch
of oil. For mony cssentinl oils praduced 7 t:st se~le in Herzl, the
Indi~n Stenderds Institution® hns ~lri~dr doscrinod st-ndrrd clementary
methods. These methods are, howover, of 1itzle v-lus far the introduction
of essentizl o0il on the intern-tionsl m-rket. It is therefore of the
utmost importance that the scmples of esseati-1 oils commerci-lly rvecilahle
hwe hrought regul-rly to RDRL for sn-lysis and comprrison. The znrlytical
mcthod of choice for this ongeing investisz tion is g-s liouid chrom: togrophy.
The booklats issued by ISI -1so contzin definitions of the usual terms met
with whan -n essenti-1l oil is evalurted -nd ADAL shculd use the scome ’
defined terms when competing on this "local'’ m-rket. Ffeor the brsic inves-
ig-tion of ~n essential o0il, szmples from v-risus pl-ces/sources must be
collected during 2 whol: sescscn, thne smmples coded -nd compcred so th-t

1 tet~l picture of the gqu-lity nf the product con bhe hod.

For the cquality cssessment of essentinl oils produced fer export,
it is extremely important thet the 2ils mect the requirements of inter-
n: tionnl mnrkets. It therefore involves the deturminstion of certzin
char-ctzristics 2nd comp-ring them with definci st-ndords, set dewn for
each 0il or product. In any process wherc o bateh 2f r-w matiricis is
tronsformed into another praduct through one or more intermediste stages,
the quality of the finnl product is assured through continuous control
of the operations. The qu-lity contrnl stews of essential oils may follow

thz oper-tion ch-rt cited helew:

Plant mrtericl 2nt-nicol ¢., 32lictinn 2tec,
Distillztinn Lond, temmer-ture, time
Crude oil control Omtical rotntion, specific gr-vity,

r:fr-ctive index, ester v~luz etc,

Finsl wn~iysicnl GLC-anzlysis
¢continl

Ctor-~ge GIC-2nalysis




In 21l the steps concerning storrge, shipment and snzlysis of an

essentiel oil the problem of inert and tight containers arises. It
ccnnot be stressed enough the impo: “once of selccting the appropricte
container for the essentiol oils. The essentinl oils nre velcotile and
often prone to chemiczl chenges due to influence of ~otals, aoir, light,
oxygen and tempcrcture. The most commen materinls for esscatinl oils

are aluminium and glass. Glazed cuntniners ~re ~lgn often used.

Ee Screening of Medicinal Plants

Ethnomedicrl
inform~ticn

Selection of Plants
Botanical Authenticatinn

N

Pharmccological Testing
Chemical Investigoticn

Toxicology
Development Isolation Technology

Production Methods Quality Control
(Pilot Plant)

Formulation of
Drug Forms

J

Clinical Trials

Commercial Prnduction

At the moment this nrrt of the cngning rese~rch (screening of
medicinal plents) belongs mor: to the pherm~colegical cnd microbiologicel
section. The zxpert has given consideration to the future problems in
this field by putting on »rder ecuipment for low pressure liquid chroma=-
togrsohy. In the near future the phytochemical section will deliver
purified extrrcts snd pure compounds for nhermecnlngicsl/microbiological
testing.




The "flow chart" for the screcning of mcdicinal pleants is shown

in the previous rage. The "flow chart" cleaarly states the position of

the different rese-rch sections in this :rpe of invastizations.

F. Training
1. Training General
2e Literature, books .
3. Instrumentation maintenance
4, HPLC
5. Column chromatograrhy
6.  3pectroscopical identification
AR Seminars
8. Microcomputer
9«  Back-up equipment for guality

10.  Follow-up of essential oil analysis. -

1. Training General

Training has been imparted hy discussions, demonstrations and
seminars in the lahorztory. The expert wants to point out that a stay
of one year is a very short time for proper tr=ining, but that the local
staff should he ahle to get on when a working programme is left. The
training hes to a large extent bee:i. an encouragement of local staff to
get experience while the expert is present in the laboratory -nd the

stress has been put on the reliability of resuits obtained.

2 Literature, books
===-slature, J00Kks

As a research laboratory, heing "up-to~date’ with scientifie
literature is a necessitye. DMepal is badly situated in this resnecte
The delivery of scientific journals to the librery of the DAL is slow
and irregular, a fact which causes problems. ioreover, obtaining copies
nf relevant publicstions is zoually slow and irregulsr. The expert
made a recommcndation to the University of Uslo for a regular service
and a model c-ze wes m-de for Dr. Timila Shrestha on literature search
(computer search) and rrocuremz=at of oublications., In the experts
opinion such a contact with an externsl source (university) would

greatly improve the "librery service'is




To encourage the idea of self-cducation the UHIDO experts drew

up a list of books in their respective areas (sece CTa's report).
P I

e Instrumentation maintenance

In view of the upgrading of the instruments available in RDRL
it becomes increasingly evident that some sort of recular maintenance is
necessary. It is therefore most important that local staff be trained
in instrument servicinge. Installation of new equipment must be followed
immediztely with an introduction to the servicing of the instrument, It
is also necessary that a regular maintenance programme be started and that

the instruments Ye lookcd after at recgular intervals.
L, HPIC

Equipment for HPIC-anslysis has been installcd and applied to
the investigztion of sctive constituents in Valeriana wallichii. By -
practical experim.nts tihe usefulness of HPLC equipment has been demons-
trated. The ‘laters instrument is equipped with two detectors (Refractive
index det. and a spectrophotometric det.) to allow the analysis of the
"essential drugs" of Nepale The instrument can easily be ecuipped with
a gr-dient unit if this hccomes necessary in the future. HPLC analyses
of drugs are encouraged and model analyses will be undertaken during the
next yesr to get practical expericace. It is strongly recommended thet
model analyses be carricd out often as the regular use of the HPLC
instrument will give the local staff much needed trainings This training
can best be hed through personal experience. Use of HPLC in quality
control work will also require the use of organic solvents in larger
quantities than usual. In future, planning the purchase of these

solvents for mecdel experiments will be most useful.

Se Column chromatography

One of the main problems of a research laboratory concerned
with the isolstion of active ingredients in medicinel plants is to have
available suiteble column chromztographic equipment. Low-dead volume
celumns, organic solvent pumps, and a fraction collector have been
installed for this purvose. The advantage of this equipment has been
demonstrated and the equipment applied to the isolation of single

valepotristes from Valeriana wallichii.




For the identification oi isolated compound.: a modern znalytical

lzboratory would have a m2ss spectrothotometer availeble. Ihis instrumcat
is considerad too cxpen.ive for IDRL at the momint, but 2 Touriecr Transform
Infrared Spectrophotometer can be considersd £s a <nod second choice for
this purposz. This FT-Ir instrument is capcble of ziving 2 spectrum of a
very small amount of materiel. In dusc course wiv.n 2 spectrum library has
been established at RDRL this instrumcent will "fill the gzo's At the
moment this instrument has not jyot beon rurcrn-scd -nd no trzining can be

given.
7.  3eminars

Aftcr an initial phase where the experts were asked te give
lecturcs, regular weekly seminnrs have been arranged for the Quality
Control Depertment. It is the opinion of the exrert thot these form en
ahsolutcly essential port of the work in a resesrch leboratory. Judging
from the expecrience gntherea since July, when the seminors started, these
weekly meetings are well received by the locel sto=ff. They 2lso sncourage
thz particination of the stoff in scicntific discussions and give threm

2 nossibility of some treining in the giving of lectures.

2. Microcomputer

The concept of computerization hrs Yesn emkrzced by members of
the RDaL.

To encourage the understending of the fundamentals of computer
usage and the applic-tion to striisticel c-lcul:tion, lerding to the
filing of results, microcomput:rs, with neccs=z~ry software wer< purchesecd.
Onc instrument arrived in Februrry, znothcr in Septemb.re A sm2ll number
of RDRL stzff wore scnt on 2 tr-ining coursc to louarn '3A3ICY progromming .

and these hrve taught othor menmboirs of the stnff the use of computers,

The zxperts (pharmacologist and cnalytical chemist) demonstrated
tie value of the aveilnbl: prorrrmmcse. The pharmccology section were not
able to exploit thc crlcul~tion creobility due to the shortage of data

due in turn to the lack of anim21ls. The chemical section of the laboratory
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was quick tc sec the velue of the filing progr-mme "nd socn computor tine
became in great'demand. The domand was so great that, after discussicn

with the senior members of the RD.L a second computor was orderid, this
second machine - which arrived in September wi'll bz used vrimarily wy the
chemical scction, -nd hzs, through a hard disk attachment ~nd some adéitiornnl

herdware, the c#prbility of hendling 2 gre=ter volumz of dat- more ronidly.

g, Back-up zZguipment for “uality Control

Judging by the numbcér of anclyses wiich will he undert-cen by
guzlity control’ it is considcrod absolutely necessary theot ~ new fluori-
meter ~nd an UV=-snectrorhotometer purchnsed, Thosce instruments can ond

will bc used slso by “he dew rtment o7 ph-rm-cology.

104 Follow-up of Essonti-1 Jil An-lyses

The expert n-s cnccur-zed r.gul-r anrlysis of the ossentizl oils
produced hy tho exporimentzl f-rms in Hetrudz and Trrhora. The results
of thiese cnalyses are ~gnin distritutad to the frrms to fzeilitzote selec-

tion of pl-nts.

At the same time l-boratory scale distillation of ploats co-tzining
essentirsl oils are scrcencd by mezzns of GLC standard methods. The flora
of Meral has o rich spectrum of -~1--%- cont-ining “rometic compounds ~nd

o reguler screening of these will he continued.

Ge “lork Flan for Short te Medium lJorm at the XDRL

Te Essential Qils

ae. Eoch year 20 pleonts contrining essentizl oils sheould
he screcned for their potentisl as row motorizl for industrial esscnti=~l

0il production.

He The plrnts pcssing the provious point should be investig-ted
25 to the sersonel vrriction of the constituents of the essernti~l oil

(¢stimotion 5 rl-nts/yecr).

Ce The nl-nts mcentioncd shove should be grown in tine herbrl

f~rms to investig-te the possibilities of lsrge-scole growing,

de Points 4" 2nd ¢ will lc:d to & continuous progr-mme fer

chout 5 pl-nts whilc 2 scrcening of 2C ncw pl-nts is being cerricd out,




2. Medicin=l Herb:z

a. foutine pharmnccological screcning procedurcs for saccific

sctivities vointed ouh by tho ghoesococlegical expertsz should be estzzlished.

he Plants ¢ ssing point a2 must be lavestigrted by chemiceal
mcthods to establish neprmlese stondardse This does not necessarily moan
thot zingle compounds will be isol~ted but that plont materizl must be

collected from =21l over licpal ~nd =n 2vcrage sample anclyzed.

€e For Valerizna wollichii a lonz-term stability tost orocedure
has stertzd »nd will he continued for oanother year. This chemiczl cnxlysis
should be accompanicd by 2 through pharmacological testing of the sedztive

effect of the standerdized ( anzlyzed) extract.

de The screcning tost being carried out (point '2') by the
RDRL ought to loé to 2-4 plonts = yerr which deserves closer investiertion.

The number of pl-nts being screened could frvourably amount to 20-30/yezr.

Se uolity Control

2+ By means of the microcomputer =zll the an-lyses of drugs
being done during the weriod of the l-st ten yeers should be put on 2
computer file for e2asy ratricv-l and comprrison.

b. A progromme for filing ~nd upd ting = rogister of the
medicinal plents of Nepal should b. =~ ~nd the plants gut on the file.

ce The applicstion of HPLC to thin -"nalysiz of compounded
drugs skould be investigeted by runnins 2C=3C groo-rotions 2s rodel

problems.




dulti-purvose extractor

The 5 litre Multi-purpose Ixtr ctor combines the three trypes of
extraction process commonly used in technicsl zni indusirial laworatories:
- liquid/solid extraction

- Liguid/liquid extraction bv unwards diispl=cement
- Liguid/liquid extraction by iowawards Aizni-cam~-t

Using the minimum nurber of parts it aliows rapi?, 2235 conversion

by

from one type to another and 2lsoc cermits recoverr of snlvent znd extract

after extrsction. The unit features 2 5 litre cap=city extractor body

working from a 20 litre wide-necked fl-sic (Cat. Zc. 11ZX)., The glassware
has been designed to 2llow complete adjust-hility of phase diseng-gement
are?s on conversion from one tvoe to snother znd on chrnging the liguid
system in 3 licuid/liruid extrsction rrocess. A demountsble syphon
allows conversion to liquid/solid extr-ction and a glass fibre thim-le is
provided. All conversions may be carried out without moving the flasks
or extrzctor bodies {rom their initial settings. Rapid drainage is
possible by means of Rotaflo stopcocks incorporsted in the adapters used
for inter-conversion. The extractor is exsily assembled and dismantled
for cleaning purposes aznd is suprlied complete with frame znd the necessary
cl=mps, hosses cnd supports. The unit is compact, overall mezsurements

being: O.46 m x 0.91 m x 2.69 m height.,

It can be supplied either with or without =n 'Zlectrothermal' heating
mantle, for 110V or 24OV overction, snd a2 contr-l unit fitted with
srecizl mounting brackets.
Oper=ztion

1. Liouid/liquid extrzction downwrrds displacement

The glassware is -ssemhledi 2s shown in illustr-tion. Heavy phase
solvent is poured into the extr-cticn hody followed hy *the solution tn
he extracted. The volume of eith-r phrse is then adjusted so th=t the
hottom of the distrihutor TZ 11/9 iz compl:tely immersed. During this
operstion he-vy phrse ir forced un from the diseng-gement area snd
through the 2nnulus hetwsen the det-chiwle sleeve ZX 11/10 ond the tzke
off tube EX 11/11; thz latt:ir is then ~djusted so that heavy phase
returns to *he flssk. =Refluxing solvent cnters the solution to be
extrrcted vie the horsesnoe=shapsd distributor which is perfor~ted on

tre underside.
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2. licuid/liguid extraction upwards displ-cem:ent

Assembly of the glassware is tne same =S for dovmwzords displrcemen
except that the sleeve EX 11/10 is removed 2nd distributor ZX 11/8 rcploces
distributor EX 11/9. The solution to be extresoted is poured into the
sxtractor body 2nd the height of the take-off tubc is ndjusted so thot
it is just avove the liguid level. Refluxing solvent enters the solution
to be axtracted via the horseshoe-shaped disztributor which hcs porforations

on the unper side.

3. Liguid/solid extrzction

Assembly of the unit for Joxhlet extraction is shovm in illustrztion
3. The sample to be extr-cted is plcced in the glass fibre thimble or,
alternstively, suprorted directly in th2 extr-ctor hody. Refluxing
solvent from the condenser is directed on to the s=ample rnd returned to

the flack by 2 svphoning octiorn.

4L,  Solvent rccovery

Assembly C vermits recovery of solvent ~nd extract after extr-ction
without the necessitv to dismentle or emptv the aprarstus. The plug
EX 11/17 is fitted ~nd thc condenser C 22/77/3% arr~nged in the dis=zillation
position using the recovery hend SH 2/77.

Instructions covering zssemblvy ~nd operrtion zre sunplied with each

unit.
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ANCEX = IIL

Caesalvinia decapetala (Roth) Alst.

The protestztions -f the experts in relstlon to record keeving,
correct nzmine of plents and the collaction of voucher specimens hsve

not heen universally accepted as significant.

L.

The species Caesalpinia sepiaria is mentioned in 'Medicinal plants

of Mewal' and Caesalpinia honduc is mentioned in the plant list in

apnendix '12' in the Technical Report: Pharmacology Laboratory by
Dr. J.F.G. Williams. The cescription of the distribution given iu the
Flora of British India suggests the species occuring in the Himalaya

was C. bonducella. ‘hen reviewing the description of these species

the expert came across a passage which underlines the difficulties of

plant identification and the need for voucher svecimens with every

collection.
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AINEX - IV

List of "Essential Drug:z" for Yepal

Anaesthetics

General

Ether -
liitrous oxide

Inj. Diazepam

Halothane

Thiapental sodium

Tocal

Lignocaine

Analgesics, antipyretics, non-steroidal anti-inflammatory drugs
and drugs to treat gout

Acetylsalicyclic acid
Ihuprofen
Indomethacine
Jxyphenbutazone
Paracetamol
Allopurinol
Colchicine

rrovenecid

sizcellaneous

ilagnessium sulphate paste, Inj., Zmetine for scorpion bite
Lusol

lectified spirit (Ethyl alcohol)

Analgesics, Narcotic and lNorcotic antagonists

Morvhine

Pethidine Dangerous drugs only to be
“alorohine prescribed by Doctors
festaxocine

inti-Allerpics




B .

o
1)
i

Anti-Histaminics

Chlornneniranine

Promethazine

Antidotes, chelating “gents etc.

Atropine
Activated charcoal
Fr-Iidoxire

Dimercaprol

anti-epilevtics

Diazepam Inj.
Phenobarbitone
Carbamazepine
Zthosuximide

Phenytoin

Anti-infective Drugs

Anthelmintics

Mebendazole
Bephenium
Piperazine

iHclosamide

Antibacterial Drugs

Ampicillin

Benzyl Penicillin

Cloxacillin

Gentamycine

Sulphadimidine

Benzathine Penzyl Penicillin
Chloramphenicol

Erythromycin

Phenoxymethyl Penicillin
Sulphamethoxazole + Trimethoprim

Pyrizinamide

Thiacetazone + Isoniazide + PAS




-
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ystemic Antifungal Drugs

Grisecfulvin

Amphotericin 3

Antimigrane Drugs

Ergotamine .

Antineorlastic Drugs

Ergotamine

3usulphan

Vancristine

Chlorambucil

Azothiaporine

Cyclophnosphamide .
Methotrexate

Daxunorobicin

Vinbslastin

Antivarkinsonism Drugs

Levodopa
Total Belladona Alkaloid
Trihexyphenidyl

Ciphenhydramine

3lood-Crugs Affecting Anti-ana=mia

Cyanocobalamine or Cobalamine Inj.
Ferrous salts
Folic acid

Iron Inj.

Anticoagulants and Antagonists

Zeverin
“larfarin
Pnytomenadione

Tetracycline

Nitrofurantoin




Procaine benzyl Penicillin
Metronidazole (for Anaerobas)

LCoxycycline

Antifilarial Drugs Diethyl Curbamazine

Anti-leprotics
Lapsone
Rifampicin

Clofazamine

Amoebicides

Metronidazole
Emetine
Piiodohydroxyauine
Diloxanide

Iodochlerhydroxycuine

Anti-mzlarials

Chloroquine

Primaquine

Sulphamethonyrazine + Fyrimethamine
Amodiaquine

Pyrimethamine

Anti-Kalazar

Stibogluconate

Anti-Tuberculosis Drugs

Isoniazid
Ethambutol
Rifampicin
Ethiqnamide

Streptomycin

Plasme Substitute

Dextrzn 70

Dextran 40




Cardiovasculsr Drugs

Antianginal Srugs

Glyceryl Triritrate

Fropranolol

Isosorbide dinitrzte

Antiarrvihmic

Lignoceine
Propranolel
Verapamil Inj.
Frocainamide

tuinidine

Antihyrertensive

dydrolazine Inj.
Propranolol Inj.
Jeserpine
Hydrochlorothiazide

Methyldopa

Cardiac Glycosides

Cigoxine Oral & In-<,

Drugs used in shock and Anaphyl-xis

Isoprenaline Inj.

Epinephrine

Dermatological Drugs: Topiczl anti-infoetive

Ir. Iodine
Jitrofurarone oint.
Acriflavin
Mercurochrome

Yeomyein

Tr. Benzoin comp.




- 29 -

anti-inflacrmatory

Zetamethasone esters
Liniment Methylsalicylate
Hydrocortisone

Counter irritant

Astringgnt

Aluminium acetzste
Calamine lotion

Jinc paste =nd cream

Fungicides
3enzoic acid + Salicvlic acid
Mystatin

Gentian-violet

FKeratgplastic

Jalieylic acid

Coal Tar

Scchicidal and nediculocide

Gamma banzenc exachloride
Jenzyl Benzoate

Liagnostic agents
uberculin P.P.O.

Fluorescine

ladio-Ciagnostic agents

rleglumine

adipiodine Meglumine
Topanoic acid

Sodium amidotriazoste

-arium Sulrhate

Ciuretics

Furoscmide

Triameterine

f’lannitOl I .“lo




Hydrochlorothiazide

Spironolactone

Gastrointestinal Drugs

Antacids

.duniniun Hydroxide

Calcium Carbonate

Magnessium hydroxide

Antispasmodic

Atropine

Belladone Dry Zxtract

inti-haemorrhoidals

Aylocain ointment

.dstringent 7nd anti-inflammatory-preperation

Cothartics

Senna

Castor oil
Vag. Sulphate
3isacodyl

Liquid Paraffin

AntieDiarrhoeal

Atropine + Diphenoxylate Hol.

R.De Sol Replacement SD
Metronidazole (Ciardiasis Fmoebiasis)

Tetracycline Bacterizl Diarrhoez)

Replacement Solution

ReDe S0l
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Prugs for Flatulence

Timethylpolysiloxane
Volatile oils
Sodium 3icarbonatc

Activated charcoal

Zcrmones and Synthetie Substitutes

Cexamethasoae
Prednisolone

Hydrocortisone
indrogens

Testosteronc 2s3tars

Zstrogens

Zthinyl sstradiol

Jrzl Contraceptives

Norzthisterone

3}

thinylestradiol

|'u

*ozestogens

Zlorz2thisterone

Thyroid and Antithyroid Crugzs

L-Thyroxine So4dium
Carbimazole

Lugol's Iodine

. nsuline =nd Cral Anti-Diabetics

Zompound Insulin
Tolbutamide

Crystz1lline Insulin

Chlorpropamide




-

Irmunologiczlis

anti-rabies serum
Tetanus sntitoxold
Ciphtheriz Antito: a

.oti-snake=-toenun

Vaceines .

B.C.G.

Mesasles

dabies

Tele3e

Yellow fever only to internation-1 travellers from Yellow faver areas

Dephtheriz-Pertussis-tetanus

"3
[

olio

“etanus

'

Muscle relaxsnts periprerslly zcting and antagonist
Gallamine
Neostigmine

Sux methonium

Zye + ENT Prepsrations : Tropical, Anti-infection

3ilver Nitrate

Chlortetrzcycline

Chloramphenicol

Gentamyein

Polymyxin-B Sulphate + Neomycin ~ 3acitracin + Zexamethsscne
Sulphacetamide

Setamethasone sod. phos.

Dexamethazone

Oxymetozoline

Toc2l Anacsthetic

Iylocaine

Miotics

Filocr~rpine

scrine

L)
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Hydriatic
Atropine
Epinephrine
Homatropine
Systemic

. Aacetazolamide

Oxvytocics
— b c——

Srgometrine

Cxytocin

Psychotherapeutic #gents

«mitryptiline
Chlorpromazine
faloperidol

Inje. Trifluopromazine
Chlordiszepoxide

~

Ticzepam

Imipramine

Frochlorperazine

Respir-tory troct Drugs

Aminophylline
Zpinephrine
Salbutamol
Ephedrine

Codeine

Solution Correcting watar Zlectrolytes, cid hH-se disturh cus

Oral rehydration salt

Parentceral

Glucose 5%

. -
nhemacel

iinger's 3olution

Sodium Bicarhcn-te 2%




Glucose 50%
Pot. Crloride Inj.
/

Sodium Crloride (045%)

“later for inj.

Yitamins and ~inerals

Zrgocalciferol
C~1. Zlucorste Inje
Pyridoxine
Riboflevine

Yezast

Ascorbic acid
Nicotinamide

zetinol

Thiamine 7Cl.

34
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Job Cescription

(DE/MZE/SC/ 00,/ 11-C%/324 1. 1)

Post title : Chemist (Analytical)
Zuration : 12 months

Date reguired: ASAP

Zuty station : Kathmandu/Nepal

Furnoce of rroject : To develop further the existing facility for the
production of plant-derived pharmaceuticals at
the Joyal Drugs Research Laboratery, Kathmandu/Nepal.

Tuties : The expert will be expected to conduct cuality
assessment on pharmaceutical products.

Specifically he will develop analytical rnethods
for determining tre content of active ingredients
in medicinal and aromestic plants and all products
prevared from these vlants.

The exvert will also be expected to prepare a
final rerzort, setting out the findings of his
miczion and his recommendstions *to the Government
on further action which might he taken.

qualifications : Fh.D. in Organic or Analytical Chemistry. A
thorough worki g knowledge on th: use of various
analytical inctiuuents suc. as 2, UV, iR, GLC,
HPIC etc. is essentizl :ni expericnce in quality
control of pn-rmzceutical

rroducts.
-

Language inglishe

Background information

Neval is a country with a population of aprsroxinatsly 12 million with
an annual growth rate of 2.4 per cent. OCver 30 por cent of the people live
in rural areas and over A0 per cent of them in the mountain zones. lost of
the rural folk utilise plant-preparations for ctheir *heraneutic requirements
and the traditional system of medicine i, rarr similzr and derived from the
Ayurvedic svstem prevalent in the Indian 3ub-Continent. The wealth medici-
nal plsnts can he conzidered as one of the important natural resources of
Yeral. The 4ingdom of Neral lies in the Central Sector of the great Himala-
vas and occupies a third of the total l:ngth, The diversity of physiography
due to attitudinal sné climetic variztions has srought ahout a great variety
of svecizs of plants within the flora of this small (hrea: 145,305 sq km)
country. luch of this flora is used in medicine and the Royal Drugs Resezrcn
lasoratory is responsible for the R and D efforts lzading to the production
of phermaceuticals based on the traditional remedies. Currently the RCRL




T

- 36 -

produces essential 0ils ond extracts of plent meterial for oharmrceutical
purposes albeit on a small scale, »nd conducts rnsearch on several aspects
of the flora.

In 1972 part of tre production unit wWas cenvertei to a manufacturing
corpor=tion under the name “oyal Drugs Lid. (ReDoLtd.) =nd the RDRL remains
tre resesrch and develor.ent zgency.

The present project scoks to strengcthon tho existing facilities of
RDRL, to include pilot scale facilicies, for voses
plant-derived pherm=ceuticzls=.

rev ~n2 development of
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ALEX = VI

Terpene Standzrd Frescnt at RDAL as at January 1983

Name Origin
ALPHA-FINENG RDRL
Al PHA-TERPIIENS RDRL
ALPHA-TERPIIEOL RDRL
ANETHOL RDRL

ORNE0L RDRL
BORMYLACETATE RCRL
CAMPEENE RDRL
CARVAIRL RDRL
C/ V0N RDRL
C- RYOPEYLIEND RDRL
CITRAL RDRL
DELTA=2-CiRZN0 RDRL
SUGENOL XDRL
FRRUESOL RDRL

GAMLA-TZRPINZENE RDRL
I30BCRIZOL RDRL
ISCZUGENCL RCRL
LIMONEL EDRL
LINALOOL ROZNS
LINALYLACZTAT RZal
MENTHOFURALN ZDRL
MENTHON RIINS
METHOXYCARVANCL 2Dl

ONAINAL 2200
PARA-CYMOL 2oEL
PIPZRITON RDRL
PULZGCN RDRL
THOL 2R
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Terpene Stin ris Frocurcd

Name Jrizin
AdYLACETATE aIBLD T
AMYLCINNAMIC ALIZ=YTL WIRLATIT
AMYRIS (3AFDALYOOD W.I.: 2GR T
3ENZALDREYEE RSRZTIT
BINZYLACLT:IE I SLAILT

BENZYLALCOH0OL ROBLRTLT
BRGAYOTE OIL AIBLRTET
CI3TE OIL ROBLRTZET
CITRAL 203CRTET
CITRONELLA JaVA CIL ROBERTET
CITRONELLA SRI LAIKA 0IL: R

CITRONELLA TAIWAN OIL RCBIRTET
CITRONELLAL ROBZRTET
CITRCNELLOL ROBZRTET
DIZTHYLFHTALATE ROBLRTET
GZRat'IOL ROBERTET
GZRANIUM ALGERIA OIL ROBERTLT
GLRANTUM 30URBOM NTL RO3ZITCT
GERAIMYLACET. TC ROBZIRTLT
HYDROXYCITRONZLLAL ROBL=TZT
IONONE 203 RT=T
LAVANDIN ABRYALIS OTL <Q3IRT.T
LAVAUDIN ZUYPER JIL <OBLRTET

LZUCNGRASS INDIAN OJIL 203w
LIALOCL XOBZATLT
LINALYLACETATE ROBZXTET )
METHYLIONOWE A0BIRTT
JZX0L ICBZRTIT
NZROLI JIL RAIBIRTLT

PALM: 2034 OTL ROBERTZT

IODINOL XOBLRTZT
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Name Orizin

[AODIIL. CET T2 AWBIRT T
SANTALWOOD INDIAYM OIL RO3ZETT
VETIVR I.D0I.Y OIL

VETIVEIYL.CET. TE AR s

i
I
i
'
i
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al72 - VIIT

Jatch Control of Palmav~-~ 0il Distillation

Vrindaven Herbal Farm, Hetauda

{June/July 1983)

Batceh o, Pistill, Date field Peak 1 Peak 2
1 8/7 Ce27 11.77 81.06
2 &7 0.28 15.99 76.73
3 R/7 0.29 13.94 7877
L 9/7 D425 14,81 80.272
5 9/7? 0.27 11.59 R2.6
A 9/7 0.25 12,98 30.83
7 10/7 0.2% 13.51 £0.66
a 1C/7 0.2 1341 79.49
9 11/7 2.28 12497 81.22

10 11/7 0.70 11.22 R0.44
11 11/7 Ca¥ 14,04 24,64
12 12/7 £.30 13.8 7941
12 12/7 2.25 12.9 79.5
14 13/7 Qe 2k 13,7 80.6
15 13/7 0631 1449 7249
14 12/7 e Tl 7541
17 14/ Ced? 17,5 70,5
12 1k /7 Je 27 1741 20.5
19 5/7 C.27 Tk 2¢,3
2C 5/7 2.2h 12,53 7749
21 6/7 0,7k 1.4 5947
22 8/7 2072 17L& 7746
23 7/7 J.2% 1741 7547
2k 7/7 Co 1A 17,3 23,1
42 10/4 2.19 77,15 A9,33
L2 11/6 C.20 22471 70472
L 11/4 220 2L.E9 AR,22
L5 12/5 0,2C 22.7% HR.OL
L4 12/6 g.2C 19,58 74.77
Ly 12/6 C.20 22.45 71.46

4R 12/6 0.20 21,47 72453
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AtuiX - IZ

Batch Control of Citronells "Java" 0il Distillation
Vrindavan Herbal Farm, Hetauda
(May - August 1983)

3atch No. Distill. Date Yield Fecak 1 Peak 2 Peak 3
1 2/6 1.3% by, 35 1714 17.32
2 2/6 1L 30.3 12.29 22,03
3 3/6 1.3% 45,3 13.58 17,04
b 31/5 1.3% 26,56 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 11k 21,2

21 27/7 0.9% 26451 16.8 30.82
22 27/7 0.9% 22.19 19,58 26.37
23 22/7 1.3% 28.29 18.53 27.09
2k 28/7 1.7% 42,52 16454 21.02
25 28/7 0.9% 45,29 15406 21.37
26 29/7 .G 32.39 20.06 22,44
27 29/7 100% 48,6 14,63 22,09
28 29/7 0.5% 2%.21 20,29 24,78
29 29/7 ~ooc 21451 19451 25455
30 29/7 T.0%f 2a7h 1271 24,08
31 31/7 2.5 27.55 1742 22,4

32 1/8 D495 72,77 15.24 29.37
33 1/8 Do h2.9% 15443 2C.59
34 1/8 141% 1 GER 14465 34,82
35 2/8 1.5 2714 17631 32.59
%6 2/8 0.7 26,14 17433 37,91
37 3/8 2% 27,49 15.56 %8481
38 3/8 Co8% 37,2 1739 23,21
39 3/8 0.9% 27.8 19.81 33,55
Lo 5/8 0.9% 37.96 16459 20.36
b 20/8 1,1% 42,54 14 .0k 22.82
42 7/8 1.0% 32.6A 16,47 22.0

L3 7/8 1.0%




Batch No,

Distill. Date

Ly
4s
47
48
49
5C
53
sS4
51

52

7/8
8/8
&3
8/8
9/¢
9/8
10/8
10/8
9/8
10/8

Yield Peak 1
1.3% 3C.14
1.3
1.3% o2 78
T.3% 77,96
o~ 17445
Zo 3% L3 .59
1.7 Te,§
T2 T5.5%
1.7
17

25.15
23.06
2543
22el

2544
26,34
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ARIEX - X

3atch Control of ILemongrass 'Nagaland™ Oil Distillation

Vrindavan Yerbal Farm, tetauda
(June 19%3)

Batch Distillation Vicld Tain -Ec.ns:itui:*;_ts bl
Noe date essential nilz Foale 3 Pezk -+ T
6 Ls/6 Qu31% 2T 38,7 57 & 1%
7 L/6 Q.63 27,7 =93 R o574
£ L/A 0,24
9 5/6 Qul1? 20.0¢ Liy 32 74.3%
10 5/% Q4342 25. 4% 35,4 70.8%
11 6/€ 0a34% 21,3% b1.3% 72.6%
12 5/6 0,36 26 . 5% 3k, 5% 614 0%
13 £/4 .k 30,0% 35.9% 69.5%
14 6/6 Q.41% 29.4% 39.3% 68.7%
15 7/6 0.39% 29.9% Lo,5% 704 4%
16 7/6 Ca32% 30,2 39.9% 704 1%
17 R/6 0. 414 31.4% L1.6% 73.0%
18 /6 0,28 26,655 35.9% 62.5%
19 /6 0.38% 31418 B1.05%  72.1%
20 13/6 Ca31% 27 o 3¢ 3745% 554 2%
2" 13/6 0.30¢ 23, 5% 35.7% 50, "
22 13/6 0.35% 20..7% 30,35 60, 5%
23 16/6 Q.32 30.0% 41,8% 71655%
b 16/6 0.32% - - -
25 17/6 C.35% 2. 20.9% 69.41%
26 17/5 0.33% 22,2% bz, 2 78,0¢%
27 17/6 04344 20,25 L2, 71 4%
28 12 /6 04345 32,50 b ,9% 77 . 4%
20 16/6 0,38 21.,04% Lo, £047%
30 19/% 0. 205 30.A% b3,2% 73¢9%
21 19/6 D400 2F 5% 2R 1% A245%
22 19/A 2427 20,72 b1,4 71425
33 2C/F Ce27% 2047% L2.7% 73.4%
3 2C/% 0.33¢% 71 6% b, 0% 75 5%
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Batch Distillation Yield “z2in Constitucnts

No. date essenti-1 oils Puzk 3 DTaak b fotal
35 20/6 0a31% 127 27 5% 47 6%
36 20/6 0.20%
37 21/6 0434 22, L3 A 75635
3R 21/6 Q.28 8.5 BlNe-d 58 4 5%
39, 22/6 042! 26.9% 3.1 e
40 22/6 0035
b4 22/6 Q.30

Peaks 3 and 4 are those of Citral = and Citral b.
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Harvesting/Distillation [ime for Cympogan Jils
at Hetauda and Tarhara Herbal Farms

Plants Jan {Fes fiiar Japr {itey |Jun {Jul JAug iSer J0ct Mov | Dec )

Cymbopogon martini {mx < -
i s 2090 b e 0e be
| var. motia (Falmarosa) ' i !
[ L [ T i
| oo
Cymborogon flexucsus : ! : N : :
: ?m N gq s) ! l ' ’xxx:txx:{:;::xx:t:f.:(xqbc x|
L2TIONATASS 1 . : . H . H H .
| L - Y . i | — b .
| . I . ! ] + i
Cymhopogon winteriznus | i : ! ! ‘ : ;
it =lis . H - ~ SN S [
i e A L 1 l i




1
Scheme for Screening of Medicinal Plants'd/

Literature, T
folklore etc.

Collection —ee—__N Voucher specimen
/ to herbarium

Extractiong/
Bioassay
: LD,
Efficacy in assay toxicology. 50
dependent on use
of plant
N
Negative Positive
Stop or e
Recollect . }”eCLSIOH
'//,Continue?
NO \ I3
Literature . //// ot Develop new
search Toxicology Recollection Ixtraction Bicassay
Isolation Active Principle dechanism of Action

1/ See also "Traditional Pharmacopoeias Revisited. UNIDO/10.511 25 Aug. 1982,
2/ Yay not be needed, reports may show that the plant is eaten,




AYVEX - XVIII

Fellowship Programme Suggested by zxperts

It is our opinion taat the fellowship progrimme should he rel:ted to
the 2ims of the Royal Drugs Resesrch laboratery and to enhance its resesrch
capability. We recommend that staff be sent for i.3c. or Ph.D. training
and that this training be directly relzted to the projects of the Royal
Crugs Reserrch Laboratory as conceived in its long term planning. ‘e see
little henefit for RDXL (or Nepal) when a M.3c. or a Ph.D. candidzte on
return to Kathmandu is faced with a situation where her/his exgerience and
training cannot be utilized due to lack of facilities and relevant projects.
Sefore the candidates leave there shcould be a clear understanding by the
candid=te, the supervizcr at OrL and the host university on the relation-
ship of the training to the rese:rch =zctivitr of RDAL. It does not strengthen
ALRL just to send pecple away for training without further specification. We
e helisve th:t the most arrropriate tvpe of “raining of members of RDRL
would be that which combines industrial experisnce with academic education

(esgs CnSZ awards and sandwich courses in UK).

assuming that ILCRL wishes to do research in the fields of medicinal

plants/drug production we would recommend the following areas of trzining:

1 Chemist/Fharmacist - MaSc.~Fh.T.
Instrumental aralysis related to the ~tanilit~w terting
of drugs with emvhasis on chromatogravhic methods.

2e Pharmacist - P‘.Sc--PhoDo
Formulation of drugs and phrrmecokinetics. The training
must be linked to a pharmaceutical company.

3e FPhermacist - M.3c.
Formulation of drugs and pharmacokinetics. The training
must be linked to a ph-rmaceuticel company.

L, Chemist/Pharmacist/Biologist - M.Sc.,-FPh.D.

Toxicology (general).

S5« Chemist/Pharmacist/Biologist - M.3c.

Toxicology (specializing in techniques).




¢ m—e

7

8.

Se

10.

1.

Fharmacology - M.Sc.-Ph.l.

Research and Development Manes r-ment in Pharmzceutical

Industry - MIT-Courscs, .MSTe.iwe

Hicrobhiologist - ¥, ic.-Fh.l.

Institute and a vhormaceutical compenv,

in the USA.

Basic computer trazining course fiar 3% 1--=t
operator.

An on-the-jobh training for arnrox. 4 months
working in the vohytochemical sector for th:
pilot plent (at present there are tursa).

in on-the-job training at #r.SCI'S (possibly
boilcr mechenic.

in an Indian firm
tcchnicians at the

3 months) for the

S
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NIEX - XIX
Lo s

al

Recommendations fo: .ri.ary Record o sning
in the ixaminatisn of Plcnt liatarizls for
Biological ictivity

It is assumed that a research rroup consisting & nrojcct director,
a field hotanist, a chemist’, a pharmacolorist and a microbiologist has
been established. It is further assumed that 2 scrios of objectives
(specific plants to be examinad) has boen .sta.liched and that a rrog-
ramme of plant collection rel-ting prioritr *c avsilakilitr has also
been established. It is desirable tnst a numcrical target is set for
the group, this target will he dependent on the facilities avzilszhle
eg. plants, numher of extr-ctors, aveilabilitr of enough animals and
sufficient staff. It is also highly desirable that the reseerch group .
should meet frecuently rnd forms1llv (i.e. thzt 211 members should be

present at a specified place -nd time).

It is anticipated thnt the project director will keep a file for
each plant species which will include ar indic-tion of the reasons for
for the choice of the particular species, the types of sctivities which
have been reported and a few key references. Thcse data will be of use

whsn evaluating the plant and plenning any future action.

* This chemist should have special expericnce within “re field
of analytical chemist to offer assista'ce 2nd ndvice in nuestions
concerning aquality control,




9.

10.

1.

12
13.
W,
15

Plant Collsoction Form to be filled in by Ficld Collicter

as fzr as possible IN THE FIZID

Plant name: Nepali name:
Plont port: 3. Species no.
Collection ro. S. Dote collected:

Voucher specimen No.: F/SSS/CC/DD,DD,DD/V/P

Site of collcection:

Condition of nlant when collected:

Condition of field storage:

amount of material availahle a2t collection site:

Comments:

Field note book ref:
Plant collected by: Jigneture
Plant delivered to: lign-ture

Date of delivery:

Copies to:

Projcet Director
Chemist
Pharmacologist
Microbiologist



P2

Chemical Extr-ction Form
1. Plant name: tlepnli name:
2. Plant part: 3. Species Mo,
4, Collection No.: S5« Dote collected:

6. Specimen Mo.: C/S5S/CC/DD,DD,DD/FE

7. Date received:

8. Condition of materinl on da*e of extrsction:

9. Drying method: 10. ‘leight Dricd Flant

11, Dote extracticn commenced: 12. Date extraction completed

13. Solvent: e Time: 15. Tempersature

16. Deionized Y or N 17. Concentration procedure:
p

18. Residual weight: 19. Iry weight egquivalent:

20s Agueous solubility: 21. .ppearance:

22. hAmount sent for bioassny: 23, D:te sent for bioassay

2k, /‘mount sent for microbiologicol tasting:

25, Date sent for microbiological testing:

26. Comments:

27. Note book no. page no.:

28. Ixtraction carricd out by: 29. Signature:
30, Extrect delivered to: %1. Signature:
22. Date:

Copies to:

Project Dircctor
B~tanist
Phormacologist
Microbiologist




P3
Bioassay 1.
Phermacological tastine
1+ Plant nome: ilepali ‘ame:
2. Flant part: 3. Species Nos:
4. Collection lNo. S. Date collocted:
6. Zxtroct Mo.: B/SSS3/CC/DD,DD,DL/ZL/..-
7« Lote received: 8. Drv ieight Zquivalent:
9« Solubility/Vehicle
10. Xeported activity:
o H 12
11. .pperrance 2 LD50
13+ 532y Type 14, D-te commenced:
15+ active Y¥,¥,Z 8. EDSO
17. Comments (record or rcfur to any other bioassay and toxicity dota)
12. Note book no. page no.
19. Cerried out by: Signature
20. Iate
21. Comment and recommend:-tion by Senior Phorm-cologist.
Copies to:

Project Director
Botanist

Chemist
licrobiologist




i

1.
2e
. by
€.
7.
9.

10.

11.
12.

14

15.

16.

Bigassay 2
Microbiological testing
Plant name: Ylepall amme:
Plant pert: 3. Species No.
Collection no. S« Dote coll:zcted
Zxtract No.: M/3SS/CC/DD,DD,DL/T/TT

Date received: Ce Lry Yeight Zcuivslant
Solubility/Vehicle
Reported activity:

Appearance

Test type 13. D-te commenced

r

active: 7, Hy B

Comments:

Note book no.l page no.

17. Carried out by Date Signzture

18. Comments =nd racommendetion by Senior Microbiologist:

Copies to:

Project Director
Botanist

Chemist
Pharm-cologist




Kevy to Form

Form P1. Field Collection

1« Plant ncme, both binomial =nd local.
2. Plant part,

3«  Species no., this should be 2llocrted from the master list
of pl~nts Sss

by Colloction no. this is allocated by the botanist in the field
znd refers to his collection, this should =lso be recorded
in the field note book.

Se Cote collecteds The date the specimen was collccted not the
detes of the collecting trip.

6. Voucher numbecr.

F=Field collection, SSS from 3, CC from 4, DD,DD,DD date from 5.
V=Voucher specimen, P is the place at which the voucher specimen
is lodged eg. T, Thopathali, G, Godaveri (Not yet fixed).

7 2ite of collectione.

This should be described in sufficient detzil to allow a
recollection of a sample of the szme population from the
same site - was it in heavy shade, on N or S facing slopes
etc.

8. Condition of plant, (was the plant in bud, in full flower etc.
was the plant infested with fungi or ants etc., hed the plent
been d-m~ged by browsing animrls.)

9. Condition of field storrge (burlcp hecgs, plastic, loose, bottom
or top of large pile of m-teri-l.)

10. imount available at coll-ction site, was the plint abundant or
sparse.

11. Comments - ca: be used to oxpand 7-10
12. Field Note Book refcereace, o.ge no.

]

15.{ Name, printed and signature c¢f person toking over the plant
16.) from the field collector.

17. Date plant material passcd to n:xt pcrsen (presumably the
chemist who is responsible for extr-ction).

Name, printed ~nd signature of coll.ctor.




Form P2.

Chemical Extracticn Form.

1-5
.

7-
8.
9.
1C.

11-12
13-15
16,
17«
18.
19.

20,
21.
22.
23.
24,
25.
6.
27
28-29
30-31
32,

as P1.

Specimen No. C indic~tes chemistry, S$SS/CC/DD,DD,DD as P1.
EE extroction No. allocated by chemiste

D=tas received by chemist.
Condition of material on date of extraction.
Crying method

Weight of dried plant - if only part of the sample is used
for extraction then this should be indicated here and that
figure used in the estimetion of the Dry Weight Equivalent
(19).

Dates extraction commenced and completed.
Conditions of extraction

Has the extract been deionised? Yes or No
Concentration procedure.

Residual “eight

DWE, this is the yield of extrect from one kilogram of dry

plent 18/10 g/kg
eg. if 500 groms of dried plant gives rise to 150 grams
then DWE = 300 g/kg-.
if 1.4 kg of dried plent gives rise to 15 grams then
DWE = 10.7 g/kgo

Aqueous solubility: Yes or No.
Appearence

Amount sent for biors=s

Dcte sent

imount sent for microbiological testing
Date sent

Comments

Note book no. a2nd page no.

Name and signature of chemist

Name and signature of pharmacologist and microbiologist

Date matecrial passed to pharmecologist end microbiologist




Form F3.
1-5 as P1.
6. Extract Vo. B=Bioassay, <<3,°C,D,D,0,C,50 as P1,2.
EE extract number ns BS, .. bloassay number.
7 Dnte received from chemist
8e Dry weight equivalent from chemist's form.

Ga Solubility/Vehicle (if not sol. in wot.r vchicle should
be recorded here).

10. Activity reported in liter-turc. ..3. otholminthice
11. appecrence of extract ot time of bioassay

12a LD50

13, ~ssay type performed. eg. -ntidyscntery

14, Date assay commenced

15 ~ctive, Yes, No. Equivocal.
16. If active, EDSO .
17. Corments - refer here to any other biocassay and toxicity data.
18, Note book ref. no. page no.

19-20 Name, Signature, of person who carried out assay 2nd date.

2. Comment and recommendstion by senior vhermacologist.

Form Ph,
1-5 as P1.

6. Extract No. M=Microbiological test S55/CC/DD,DD,DD, 3s P1,P2,F3.
EE extract number 2s P2, TIT Microbiological test

number,
7 Date received from chemizt,
3. Dry weight equivalent from chemist's form.

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

10, .ctivity reported in liter~=ture

1. Appearznce of extract at time of microbiological testing.
12, Test type performed e.g. sntibrcterizl - Z.coli

13, Dete test commenced

1L, .ctive, Yes, Yo, Zauivocal.

15« Comments

16, Note book ref. no. vage no.

17« Vame signature of person wno carricd out test and date.

18, Comment ~nd recommendstion by senior microbiologist.




¥
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Rigassay of Plznt Material

The bioassay results may bc egotive, positive or cguivocel.

If the results ar equivocal then 2 high r dese range should be
used if possible - or 2 different route of ~dmiris*r-tio~ or a different

venicle,

If the results are negative tken no further action nee¢d be taken,
however there may be reasons to belizve thot the ro~-tive test is not a
good revresent2tion of the plents' activiiy =nd a2 righer dose range may

be tried.

If the results are positive then no further action need be taken,
it would however be valuable to know if the activity was always the

Semee

Thus given any resuit it could be argued that 2 second collection
should be made at a2 different time of the year and the activity of that

extract compared with the first.

dote: Certain modifications have been suggested,
1. Spucimen number S35 not be included.
2. V znd P not be included.
3. That the ethnic group using the "MNepali' name be included.

L. That when possible photogrzphs of the meterinl he made
and a question. Photograph: f, N be added to the
Field Collection form.
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ANNEX - XX

Batch Control Form for the Production UTaits®

From: Batch No.
Nome of the plant/type/selcction:

locztion znd d=ate of collection:

Locntion and date of distillation:

Amount of plant material collcctad:

Period of distillation:

Yield:

Storage conditions:

Comments: Date and Signature:

* This form conc:rns the production of -ssential oils.
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fHVEX - XXT

Puritv Rejuirz=.ris for Geses for fiC-annlrsis

. Impurity levels Htregorn ydposen
{ppm) maximum Litregon Zrarosern
0. 4 4

<
Moisture L L
(o]¢) 5 1
N-Oxides 0«5 0.5
Ar 10 0
h2 1
N
2 100




ANNEX - XXTII

List of Plants Growing in Nepal to be tested
for the Content of mssciiviaa il and Evaluated
as Raw Material for Future Production 5f Aroma compounds

\ ' Total No. * Species royorted te |, Distribution
S.No. Family P c‘ie's .contain e¢ssenzizl 211/  (Altitudes in Availability
ol spe (Common/Vernacular lame) Meters)
1. Malvaceae
2. Pinaceae 2 i. Abies pindrow W(1800-2600) F
ii.A. spectabilis WCE(2500-3900) A
(Himalayan Silver Fir)
3. Mimosaceae 5 Acacia farnesiara WC(100-1520) R
L. Araliaceae 2 - - -
5« Compositae 1 - - -
6. Araceae 1 Acorus calamus (Bojho)  WC(1300-2550) F
7. Acanthaceae 1 Adhatoda vasica (Asuro) WCE(180-2130) F
8. Rubiaceae 1 Adina cordifolia (Karma) WCE (150-770) A
9. Rutaceae 1 Aegle marmelos (Bael) WCE (200-1070) A
10, Compositae 1 Ageratum conzoides WCE (180-2280) A
11. Laktiatae
12. Mimosaceae b Albizzia labbeck WCE (270-850) F
13, Liliaceae 9 i. 1lium cepa (Pyaz) Cultivated in
ii. =~. sacivum tropical and
iii. A, wallichii subtropical zone
WCE (2130-L4000) A
14, Zingiberaceae 1 Amomum subulatum Cultivated in
(Cardamom, Alaichi) subtripical re-
gion of Tastern
Nepal
15. Compositae 10 i. fnaphalis contorta WCE (450-4420) A
16. Ranunculaceae 10 i. Anemone elongata HUCE(1460-3350) F
ii. A. rivuleris CE (2000-40C0) A
iii. A. citifolia WCE(1300-2800) F
17. Labiatae 1 Anisomeles indica CE (200-2130) F
(A. ovata)
18. Annonaceae 1 Annnona squamosa (Sarifa) WE (180-1200) F
19. Umbelliferae 1 Archangelica officia- C (2440-2740) F
nalis
20. S3apotaczae 2 Bassia butyracea CE (780~1430) A
21. Cassalpinaceae 5 Bauhinia variegata WCE (610-1830) F
(Koiralo)
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22. Boennincgzusenia 1 Boenningrusenia albiflora WCE (400-3250) A
(Rutaceae)

23. Umbelliferae 5 Bupliurum c=ndollei UCE (2080-3810) F

24, Papilionaceae Cajanus cajan (Rahar) Cultivsated through A
out tropical region

25. Verbenaceze 3 Callicarpa macrophylla WCE (230-213C)

26. Cannabinaceae 1 Cannabis sativa (Bhang) W4CE (180-2800)

27. Cruc ferze 1 Capsella bursa-pastoris WCE (1300-4660)

(lady's purse)

28. Solenaceae 2 Capsicum annuum Cultivated in tro=- A
pical & subtropical
region.

29. Caesalpinaceae 6 Cassia fistula CE (260-1370) F

(Rajbriksha)

30. Pinaceae Cedrus deodata (Deodar) W (2100-2500) F

31. Umbelliferze Chaerophyllom villosum C (1520-2900) F

32. Graminece Chryspogon aciculatus WCE (120-1600) A

(Andropogon aciculatus)
33, Lauraceae 3 i. Cinnamoum czmphora C (1300-2130) & F
cultivated
ii. C. tamala %CE (500-1830) A
34, Menispermaceae 1 Cissampelos pareira WCZ (180-2960)
35. Rutacae 3 i. Zilirus wurzntium Cultivoted in sub-
ii. C, medica tronical region
il Ce buchanani= - ’,‘\I'CE (900-3750) F
ii. C. montona HCEZ (1500-3960) F
36. Rubiaceae 1 Coffea sp.
37. Umbelliferae 1 Corisndrum sctirum Cultivsted in tro-
(Dhaniye) piczl #nd subtropi-
crl r-gion A

38, Cuminum (Umbelliferae) 1 Cuminum cyminum (Jecrzs) Cultivated in
tropical region

39. Cupressus (Cupressaceae)l i. Cupressus torulosa WC (2400-2900) A

(Graminae) 6 - flexuosus
ii. C. pendulus CE (180-20C0) F
(Andropogon nardus)
iii. C. stracheyi C (200-1800) F

L0, Cyperus (Cyperaceae) 11 i. Cyperus niveus WC (100-2900) F

ii. C. rotundus (Mothe) WCE (100-1600) F

41, Dactylis (Gramineae) 1 Dactylis glomerata WC (1430-3500) F
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S.No.' Family 'of < ecie;' contain essential oil/ ' (Altitudes in ‘'Availebility
P (Common/Vernacular Name) Meters)
42, Papilionaceae 6 i. Dalbergia sericea WC (150-1680) F
ii. D. sisso WCE (180-1220) A
43, Thymelaeaceae 3 - -
44, Labiatae 8 i. Elsholtzia flara CZ (1500-2590) F
ii. BE. fruticosa WCE (1680-3500) F
(E. polystachya)
45, Umbelliferae 1 Foeniculum vulgare Cultivated in sub-
(Saunp) tropical and region A
4§, Ericaceae 7 i. Gaultheria fragran- CE (610-2900) A
tissima (Dhasingare)
ii. G. trichophylla CE (2700-4500) F
47. Geraniaceae 13 - - -
48, Zingiberaceae He spicatum CE (260-2770) F
L9, Sauruaceae 1 Houttuynia cordata (Gande) WCE(1220-2440) F
50, Iridaceae 4 i. Iris decora C (1830-4850) ¥
ii. (I. nepalensis)
(Padam Puskar)
51. Juiglandaceae 1 Juglans regia WCE (1370-3000) A
(Wallnut, Ckhar)
52. Varbenaceae 1 Lantana cemera “Jeed in subtropical A
region CE
53. Labiatze 5 i. Leucas cephalates WEC (180~2000) F
ii. L. mollissima WCE (500-2400) F
54, Liliaceae 4 Lilium nepalense WCE (1430-4200) F
55. Verbenzceae 1 Lippia nodiflora WCE (180-1630) A
56. Laurzceae 1
57. Lauracae 7 i. Machilus gamblei C (610-2130)
{Kathe kaulo)
ii. M. odoratissima WC (1520-2400) F
(Kaulo)
58. Anacardiaceae 1 Mangifera indica Cultivated in tro=- A
pical and subtro-
picel region
59, labiatae 2 i, Mentha arvensis Cultivated F
ii. M. sydvestris - F
60. Magnoliaceae 4 i. HMichelia champaca C (300-1500) F
ii. M. kisopa C (1280-2130) F
61. Labiztae Micromeria biflora WCE (500-3660) F
62. Dipsaceae 3 Morina longifolia WCE (2290-3800) F
63. Myricaceae 1 Myrica esculenta (Kaphal) WCE (1370-2650) A
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S.No. Family f species Contain essential oil (Altitudes in  Availability
oL sp (Common/Vernacular name) Meters)
64. Valerianaccae 1 Nardostachys grandiflora WC (3650-5300) F
(N. jatamansi)
65. Labiatae S Nepeta leucophylla WC (2100-3500) A
66. Solanceze 2 Nicotiana tabacum Cultivated in tro=-
pical and sub-tro-
pical regions
67. Labictae L i. Ocimum basilicum Cultivated in sub-
tropical region
ii. O. sanctum Cultivated in Tro-
pical and subtro=-
pical areas.
68. Umbelliferae 3 - - -
69. Oliace=ze 2 Olea cuspidata W (1100-2130) F
70. labiatea 2 Origanum vulgare WwC (1800-3500) F
71. Olezcea 2 Osmanthus fragrans C (1300-2300) F
72. Santalaceae 2 Osyris wightiana WCE (700-2200) A
: (Noon Dhiki)
73« Pandanaceze 2 - - -
74. labiatae 1 Perilla frutescens WCE (200-2140) F
(Seelam)
75. Pinaceae 2 i. Pinus roxburghii WCE (100-2200) A
(chirpine Reni salla)
ii. P. walliciana YCE (1400-3900) A
(Blue pinc, salla)
76 . Apocyanaceae 1 1. Plumeria acutifolia Cultivsted in sub-
tropical region
ii. P. plebeiun UICE (300-2100) F
77« Rosaceae 1 i. Pyrus pashia (iiayal) WCE (90C=-2400) F
ii. R, scleratus WCE (280-2400) F
78. Polygonaceae 6 Rheum emodii CE (2300-3600) A
(Padam Chall)
79. Rosaceae L i. Rosa macrophylla YCE (1400-4700) F
, ii. R. sericea WCE (1700-4900) A
iii. R. webhiana W (2300) R
Robus. paniculatus WCE (900-3000) F
° 80. Polygonaceze 4 Rumex nepalensis WCE (900-3000) F
81. Buxaceae Sarcococca hookeriana WCE (900-3300) A
82. Saurauriaceae 3 Sauraulia napsulensis WCE (700-2100) A
(Gogan)
83, Umbelliferae 3 Selinum tenuifolium CE(2100-3900) A

(Bhoot Kesh)
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Specias reported to Distribution
S.No. ' Family ' ota%c¥8§' contain essential oil/ ' (Altitudes in 'Availability
oL SP (Common/Varnacular Neme) laters)
84, Pedaliaceae 1 Sesamum indicum Cultivated in tro=-
pical 2rnd subtro-
picel regions A
85. Dipterocnrpacece 1 Shorea robusta (Sal) YCE (up to 1200) A
86. Rutacece 3 Skimmia laureola WE (2400-3000)
87+ Compositze 1 Sphaeranthus indicus WCE (200-110C) F
88. Oleaceae
8a. Myrtaceee b Syzygium cumini WCE (1R0-1980) F
90, Compositze 3 Tenacetum vulgare WC (2600-470C0) F
91. Labiatae 1 Thymus serpyllum C (2440<4100) F
92. Apocyanaceae 2 Trachelospermum WwC (300-2700) F
T. repens C (1300-2700) F
93. Papilionaceae b - - -
94, Pinaceae 1 Tsuga dumosa (Hemlock) WCE (2100-3900) A
95. Malvaceae 1 Urena lobata WCE (300-1980) F
96. Valeriznaceae 2 ie Valeriana hardwickii WCE (1200-4300) F
(Nakali Jatemansi)
ii. V. jatamansi WC (1500-2600) F
(V. wallichii)
97« Gramineaze 1 Vetiveria zizanioides W F
98. Violaceae 8 i. Viola biflora WCE (1800-4000) F
ii. V. pilosa WCEZ (300-2900) F
99. Loranthaceae 3 Viscum album W (600=24Q0) F
100. Verbenaceae 1 Vitex negundo HCE (120-2100) A
101, Compositze 1 Xanthium strumerium 4CE (150-2400) F
102. Rutaceae 5 i. Zanthoxylum WCE (1680-2600) F
acanthopodium
ii. Z. armetum (Z. alatum) WCE (900-2900) A
(Timur)
iii.Z. oxyphylum CE (2000-2770) A
103, Zingiberaceae 1 Zingiber officinale Cultivated in tro=- A
(Zinger, Aduwa) pical 2nd sub-tro-

pical regions.
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