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ABSTRACT

This study aims to explore medicinal plants from Manang and Mustang districts and
examine their antibacterial activity in vitro against different strains of microorganisms.
Field information was gathered by direct observation of locals through semi-structured
interviews and information regarding the bioassay test was obtained through |aboratory
research.

A total of 157 ethnomedicinal plant species belonging to 56 families and 114 genera are
reported from the study area. These 157 locally used medicinal plants treat 150 ailments.
This study found that many different parts of medicinal plant species are used as medicine.
It would follow that the most commonly used plant parts have been selected because they
contain more active principles in the form of biologically active secondary metabolites in
comparison to the least commonly used parts. Of 157 medicina plants documented, 88
plants were used for multiple uses, such as for food, fence and fuelwood, ritua and
religious, and others. Several medicinal plants, i.e., Allium species, Hippophae species, etc.,
with multiple uses have great medicinal value and high market price even in Kathmandu
and Pokhara. Even though the market price of these species has been increasing steadily,
the local consumption has not yet decreased. Therefore further bioprospecting research on
these species could help with the conservation and management of these local resources as
well perhaps benefits the local people economically.

In vitro antibacterial assays of 92 extracts from 79 ethnomedicinal plants used to treat
diseases potentially caused by bacteria were examined. Overall, 73 % of plant extracts
showed activity against Gram-positive Saphylococcus aureus, and Bacillus subtilis, and
69 % showed activity against Gram-negative Escherichia coli, and Pseudomonas
aeruginosa. Although the nature and number of active antibacterial principles involved in
each extracts are not clear, the broad spectrum of activity of several plantsis promising.

Thirty-three selected plant species were extracted with methanol, dichloromethane and
hexane, resulting in a crude separation of the chemical components into groups of varying
polarity. The minimum inhibitory concentration (MIC) of these extracts against the same
bacterial species was obtained, and givesinsight into the chemical nature of the biologically
active congtituents. The strong activity of the highly non-polar hexane extracts (shown by
the low MIC values) indicates that the bioactive chemical (s) of those plant species was best
extracted in non-polar solvent, and therefore was likely to be non-polar as well.

Altogether 39 medicina plants were prioritized and categorised as high, moderate or low
priority in Manang and Mustang districts. Among the 39 prioritized species selected, 8
species were high priority, 29 were moderate priority, and 7 species were low priority. Bulk
amounts of medicinal plant trade is seen from Manang and Mustang and if the process of
trading of important medicinal plants continues on this scale for severa years, species such
as Cordyceps sinensis, Dactylorhiza hatagirea, etc, will become increasingly rare.
Therefore | suggest immediate steps of cultivation of these species in the barren lands and
use of sustainable harvesting approaches which may be helpful to conserve these species as
well as othere wild plant resources in their natural habitats.

In conclusion, this survey has shown that the local populations of Manang and Mustang
districts have a wide knowledge on the use of wild plants for various purposes, including
medicinal, food, fuelwood, fence, fodder, timber, household article, ritual, religious, etc.
The present laboratory work lends support to the claims by traditional medicina healers
regarding the biological usefulness of the above plants. The antibacterial activities of the
plants often explain their use by the local community.



Contents

CHAPTER L., ERROR! BOOKMARK NOT DEFINED.
L INTRODUCTION ..o ERROR! BOOKMARK NOT DEFINED.
1.1 Background........cccooeoeiiieiinesecce e Error! Bookmark not defined.
1.1.1 Ethnobotany .........cccoveeereenenieneere e Error! Bookmark not defined.
1.1.2 Useof Plantsas Medicine..........ccccccevveriennnnne Error! Bookmark not defined.
1.1.3 Other Uses of Medicina Plants..................... Error! Bookmark not defined.
1.1.4 Bioassay TESIS.....ccovvereereeieneereeseeseeseeseens Error! Bookmark not defined.
1.1.5 Biologically Active Constituents................... Error! Bookmark not defined.
1.1.6 Indigenous Knowledge and Conservation and Management of Useful Plant
RESDUICES......eeeeieeiieiee e Error! Bookmark not defined.
1.1.7 Prioritization and Trade of Important Plant Species......Error! Bookmark not
defined.

1.2  HypOthESIS...ccoceeieeie e Error! Bookmark not defined.
1.2.1 Importance of research area............ccceeeevueeunne Error! Bookmark not defined.
1.2.2 Research QUESLIONS.........c.ccceevieeiee e Error! Bookmark not defined.

1.3 OBJECHIVES.....eooeiieeeeeeree s Error! Bookmark not defined.

1.4 JUStifiCation.......cccceveeeeveeiesee e Error! Bookmark not defined.

15  LimitationsS......cccoovieeiiieiiiesieesee e Error! Bookmark not defined.

1.6 Description of the Sudy Area........ccccevveevereenee. Error! Bookmark not defined.
1.6.1 Annapurna Conservation Area...........ccceeuene Error! Bookmark not defined.
1.6.2 LOCALION ..ocevveeeeieeie et Error! Bookmark not defined.
1.6.3 Physiography and Climate..........cc.ccoeeevennnne Error! Bookmark not defined.
1.6.4 Land Useand Vegetation............cccccerveruennnnne Error! Bookmark not defined.
1.6.5 Population and EConomy ...........ccceceeveeriennnnne Error! Bookmark not defined.

1.7 People of Manang and Mustang ..........c.ccccceeuenee. Error! Bookmark not defined.
1.7.1 The Manangi People........ccccoriininiiniennne Error! Bookmark not defined.
1.7.2 The Mustangi People.......c.ccccevevvvieieeinnnne Error! Bookmark not defined.

1.8 Tibetan Medicine and Traditional Tibetan Doctors (The Amchi).............. Error!

Bookmark not defined.

CHAPTER 2., ERROR! BOOKMARK NOT DEFINED.
2.ETHNOMEDICINAL STUDY ...cccoviririerirennns ERROR! BOOKMARK NOT DEFINED.

2.1 INtrodUCHION......c.ciiieeeeee e Error! Bookmark not defined.
2.1.1 Ethnobotanical Researchin Nepdl ................. Error! Bookmark not defined.
2.1.2 Useof PlantsasMedicine............cccccereeruennee. Error! Bookmark not defined.

2.2 Review of the Literature..........cccoceevveeeseeceerennne Error! Bookmark not defined.

2.3 Materialsand Methods...........cccoveevineeneeninnenne Error! Bookmark not defined.
2.3.1 Feld VIiStS..coeceecececeeseee e Error! Bookmark not defined.
2.3.2 Ethnobotanical Interviews...........ccoceeeeerueenee. Error! Bookmark not defined.
2.3.3 Collection of Voucher Specimens................. Error! Bookmark not defined.

2.4 RESULTSAND DISCUSSION ...ccccvveevirreeirieeiieee e ERROR! BOOKMARK NOT DEFINED.

2.5. CONCIUSION......oeiiiicciee e Error! Bookmark not defined.

(O A e I PP 40
3. ANTIBACTERIAL STUDY ....ccoovniirinirererennns ERROR! BOOKMARK NOT DEFINED.
3.1 INtrodUCHION.....cceiiieieeeeee e Error! Bookmark not defined.
3.2 Literature ReVIEW ........ccevveieeeeseee e Error! Bookmark not defined.

3.3 Materialsand Methods...........coooveveeeeeeeeiiiieeeeee. Error! Bookmark not defined.



3.3.1 Collection of Samples with VVoucher Specimens for Antibacterial Testing
.................................................................................. Error! Bookmark not defined.

3.32MediaUSed ..o Error! Bookmark not defined.
3.3.3 Preparation of Plant Extracts...........cccceeveee.. Error! Bookmark not defined.
3.3.4 Preparation of Test DiskS.......ccocceveevenenniennen. Error! Bookmark not defined.
3.4 MicroorganiSmsUsed.........ccccceveevveeesieccinsnnne, Error! Bookmark not defined.
3.5 Antibacterial assay........ccccerierieriniineneee e Error! Bookmark not defined.
3.5.1 Preparation of Standard Inoculum................. Error! Bookmark not defined.
3.5.2 Inoculating the Agar Plates..........ccccceeeenuennee. Error! Bookmark not defined.
3.5.3 Placing extracts Discs and Incubation............ Error! Bookmark not defined.
354 MIC ASSAY ....oooiiieiiieieeee s Error! Bookmark not defined.
3.6 Satistical AnalySiS.......cccccvevvvieeieeiieeceee e Error! Bookmark not defined.
3.7 Resultsand DiSCUSSION........ccoceererieeneesieeienienne Error! Bookmark not defined.
3.7.1 Antibacterial Activity of Ethnomedicinal Plants.......... Error! Bookmark not
defined.
3.7.2 Minimum Inhibitory Concentration of Ethnomedicinal Plants.............. Error!
Bookmark not defined.
3.8 CONCIUSION.....c.coeeiiiieie e Error! Bookmark not defined.
CHAPTER 4., ERROR! BOOKMARK NOT DEFINED.
4.PRIORITIZATION, TRADE, CONSERVATION AND MANAGEMENT OF
ETHNOMEDICINAL PLANTS ..., ERROR! BOOKMARK NOT DEFINED.
4.1 INroduCtioN........cccoeevieeeeseese e Error! Bookmark not defined.
4.2 Review of the Literature.........c.ccoeeevvrinneenennnns Error! Bookmark not defined.
4.3 Materialsand Methods...........ccccoeevevvvcevieneennn, Error! Bookmark not defined.
4.3.1 Prioritization of Ethnomedicinal Plants.......... Error! Bookmark not defined.
4.3.2 Trade of Ethnomedicina Plants..................... Error! Bookmark not defined.
44 RESUILS....oooiececce e Error! Bookmark not defined.

4.4.1 Prioritization of Ethnomedicinal Plants......... Error! Bookmark not defined.
4.4.2 Traders and Trade of Ethnomedicinal Plants. Error! Bookmark not defined.
A5  DISCUSSION ....ovviicirieeitrieeiteeeeireeeeseeessreeesbeeesreeeans Error! Bookmark not defined.
4.5.1 Prioritization of Ethnomedicina Plants......... Error! Bookmark not defined.
4.5.2 Traders and Trade of Ethnomedicinal Plants. Error! Bookmark not defined.

4.6 Conservation and Management ...........ccccceveenenne Error! Bookmark not defined.

A7  CONCIUSION....ooeeeeee e e e e eeeeeees Error! Bookmark not defined.
CHAPTER 5., ERROR! BOOKMARK NOT DEFINED.
5.RECOMMENDATIONS ... ERROR! BOOKMARK NOT DEFINED.
CHAPTER B, ERROR! BOOKMARK NOT DEFINED.
6. EXECUTIVE SUMMARY ... ERROR! BOOKMARK NOT DEFINED.
0.1  INtrodUCtION.......coeeeeeeeeeeeeeeeeee Error! Bookmark not defined.
6.2 Ethnomedicinal PlantS........cccooeeeveeeeeeeeeeeeeeeenn Error! Bookmark not defined.

6.3 Antibacterial Activity of Ethnomedicinal Plants. Error! Bookmark not defined.
6.4  Minimum Inhibitory Concentration of Ethnomedicinal PlantsError! Bookmark
not defined.

6.5 Prioritization, Trade, Conservation and Management of Ethnomedicinal

PlANES. ..o s Error! Bookmark not defined.
6.6 CONCIUSION.....ceeiiiriiriiriericnereeee e Error! Bookmark not defined.



REFERENCES........cco e ER
ROR! BOOKMARK NOT DEFINED.

APPENDICES. ... ittt e e e e e 103

APPENDIX | - PREPARATION OF MEDIA FOR THE CULTURE OF
MICROORGANISMS.........ccooiiirinie ERROR! BOOKMARK NOT DEFINED.

APPENDIX Il - GENERAL DESCRIPTION OF THE BACTERIA USED IN THE
STUDY ERROR! BOOKMARK NOT DEFINED.

APPENDIX |1l - PUBLICATIONS OF THE RESEARCH, IN THE ORDER FOUND IN
THETHESIS ..., ERROR! BOOKMARK NOT DEFINED.

APPENDIX IV — VILLAGERS, HEALERS AND AMCHIS OF MANANG AND
MUSTANG DISTRICTS, NEPAL.........ccoce.e. ERROR! BOOKMARK NOT DEFINED.

APPENDIX V - PLANTSUSED BY THE PEOPLE OF MANANG AND MUSTANG
DISTRICTS, NEPAL ...coooiiii ERROR! BOOKMARK NOT DEFINED.

APPENDIX VI - LIST OF AILMENTS TREATED BY LOCAL TRADITIONAL
HEALERS OF MANANG AND_MUSTANG DISTRICTS, NEPAL GROUPED BY
BODY SYSTEM ..o ERROR! BOOKMARK NOT DEFINED.

APPENDIX VII - SELECTED TERMINOLOGY OF AILMENTSAND THEIR
SYMPTOMS PROVIDED BY THE HEALERS OF MANANG AND MUSTANG.
............................................................................. ERROR! BOOKMARK NOT DEFINED.

APPENDIX VIII - ETHNOBOTANICAL USES OF MEDICINAL PLANTS OF
MANANG AND MUSTANG DISTRICTS, NEPAL ........... ERROR! BOOKMARK NOT
DEFINED.

APPENDIX IX - ACTIVITIES OF SOME NEPALESE ETHNOMEDICINAL PLANT
EXTRACTS, AGAINST A VARIETY OF BOTH GRAM-POSITIVE AND GRAM-
NEGATIVE BACTERIA ... ERROR! BOOKMARK NOT DEFINED.

APPENDIX X - TRADITIONAL USES OF ETHNOMEDICINAL PLANTS OF NEPAL
COLLECTED FROM MANANG AND MUSTANG DISTRICTS, INCLUDING
LITERATUREUSES..........ccoo i ERROR! BOOKMARK NOT DEFINED.

APPENDIX XI - MINIMUM INHIBITORY CONCENTRATIONS (MIC) OF 33
MEDICINAL PLANT SPECIESWITH METHANOL, DICHLOROMETHANE AND
HEXANE EXTRACTS AGAINST STAPHYLOCOCCUSAUREUS BACILLUS
SUBTILIS ESCHERICHIA COLI AND PSEUDOMONAS AERUGINO&AA ......... ERROR!
BOOKMARK NOT DEFINED.

APPENDIX XII - RANKING OF MUSTANG AND MANANG DISTRICTSWITHIN
NEPAL. ...t ERROR! BOOKMARK NOT DEFINED.

APPENDIX XIIl - CLASSIFICATION, USAGE AND MARKET PRICE OF
PRIORITIZED MEDICINAL PLANTS IN MANANG AND MUSTANG DISTRICTS,
NEPAL. ... ERROR! BOOKMARK NOT DEFINED.




APPENDIX X1V - MEDICINAL PLANTS SOLD LEGALLY DURING THE YEAR
1994-2004 FROM MANANG DISTRICT, NEPAL ............. ERROR! BOOKMARK NOT
DEFINED.

APPENDIX XV - PRIORITIZATION OF ETHNOMEDICINAL PLANTS........ ERROR!
BOOKMARK NOT DEFINED.

APPENDIX XVI - PRIORITY SPECIES OF MEDICINAL PLANTSIN SOUTH ASIA
............................................................................. ERROR! BOOKMARK NOT DEFINED.

PHOTOGRAPHS. ... e ER
ROR! BOOKMARK NOT DEFINED.

PLATEI-LANDSCAPESIN MANANGAND MUSTANG DISTRICTS OF NEPAL
.................................................................................. ERROR! BOOKMARK NOT DEFINED.
PLATE Il - KNOWLEDGEABLE VILLAGERSAND RITUALSAND RELIGIOUS
PLACES OF MANANG AND MUSTANG DISTRICTSOF NEPAL ................. ERROR!
BOOKMARK NOT DEFINED.

PLATE I11- USEFUL PLANTSOF MANANG AND MUSTANG DISTRICTS OF

NEPAL ..o ERROR! BOOKMARK NOT DEFINED.
PLATEIV - USEFUL PLANTS OF MANANG AND MUSTANG DISTRICTS OF
NEPAL (CONTINUED)......ccccoiiriinenieneenieeie e ERROR! BOOKMARK NOT DEFINED.
PLATEYV - USEFUL PLANTS OF MANANG AND MUSTANG DISTRICTS OF
NEPAL (CONTINUED)......ccccoiiiiinenieneenieeee e ERROR! BOOKMARK NOT DEFINED.
PLATEVI-BIOASSAY TESTING.........cccceveenneee. ERROR! BOOKMARK NOT DEFINED.
PLATEVII - TRADERSAND TRADE................... ERROR! BOOKMARK NOT DEFINED.
LIST OF FIGURES........ ettt ettt e e s ae e e s e nr e e e e nanaeeas 27

Figure 1: Number of medicinally used species belonging to the 20 most frequent families.
............................................................................. Error! Bookmark not defined.

Figure 2: Number of medicinally used species used for multiple categories of usesin
Mustang and Manang... ... ..o e 28

Figure 3: Percentage of medicinally used parts................. Error! Bookmark not defined.

Figure 4: Flow Chart of the Methods (Evaluation of Antibacterial Activity of Different
Medicinal PlantS........ccccceveeveneneere e Error! Bookmark not defined.

Figure 5: Activities of medicina plant extracts against the bacterial strains tested during
in vitro screening of medicina plants of Manang and Mustang. ................. Error!
Bookmark not defined.

Figure 6: Percentage of plant extracts showing inhibitory activity against Gram-positive
and Gram-negative bacteria...........cccooeeveneenennnn. Error! Bookmark not defined.

LIST OF TABLES ... oo S7

Table 1: Results of the Analysis of Variance of Minimum Inhibitory Concentration (MIC)
values of the extracts of different plant speciesin various solvents against



different bacterial strains (all bacteria are considered togethe). ................. Error!
Bookmark not defined.

Table 2: Results of the Analysis of Variance of Minimum Inhibitory Concentration (MIC)
values of the extracts of different plant speciesin various solvents against

Saphylococcus aureus. .........ccceeveevieecieecveenen, Error! Bookmark not defined.
LIST OF MAPS.. ...ttt st e be st be s e e se e e e s e ntestentenreens 11
Map 1: Manang district, Nepal, site of 12 ethnobotanical field
VI SItS from 2002- 2007 ... s = m = sssssssssass s 11
Map 2: Mustang District, Nepal, site of three ethnobotanical field visits from 2005-

ABBREVIATIONS AND ACRONYMS

% Percentage

I[UCN International Union for the Conservation of Nature and Natural Resources
°c Degree Centigrade

A.D. Anno Domini (After death of Christ)
A/MDCK InfluenzavirusMadine-Carby Canine Kidney
ACA Annapurna Conservation Area

ACAP Annapurna Conservation Area Project

amg Above mean sealevel

APG The Angiosperm Phylogeny Group

ca About

C. India Central India

CBS Central Bureau of Statistics

CDB Central Department of Botany

CH,Cl, Dichloromethane

CITES Convention on International Trade in Endangered Species of Wild Fauna and

Flora
COPD Chronic Obstructive Pulmonary Diseases
CSIR Council of Scientific and Industrial Research, New Delhi, India

CTEVT Council for Technical Education and Vocationa Training
DADO District Agriculture Development Office

eds. Editors

EFEA Environment and Forest Enterprise activity, New ERA, Kathmandu, Nepal
EHEC Enterohaemorrhagic Escherichia coli

EPEC Enteropathogenic Escherichia coli

ESON Ethnobotanical Society of Nepal
ETEC Enteroinvasive Escherichia coli



FAO
G
h
H,S
HHs
HIV
HMGN
ICIMOD
IPAs
JAFTA
KATH
Kca
kg
KMTNC
M
MAPs
MBC
MENRIS
MeOH
Mg
Mg/disc
Mg/mL
MIC
mL
MMI
MOFSC
NCST
NRs.
NWFPs
NTNC
Ph.D.
RECAST
S. Asia
SATA
SChEMS
SES
Sic.
SNV-
\epal
sg. km.
TU
TUCH

Food and Agriculture Organization of the United Nations, Rome, Italy
Gram

Hour

Hydrogen Sulphide

Households

Human Immunodeficiency Virus

His Majesty’s Government of Nepal

International Centre for Integrated Mountain Devel opment
Important Plant Areas

Japan Forest Technology Association, Tokyo

National Herbarium and Plant Laboratories, Godawari, Lalitpur
Kilocalories

Kilogram

King Mahendra Trust for Nature Conservation

Minute

Medicinal and Aromatic Plants

Minimum Bactericidal Concentration

Mountain Environment and Natural Resources Information Service
Methanol

Milligram

Milligram per disc

Milligram per milliliter

Minimum Inhibitory Concentrations

Milliliter

Methanolic

Ministry of Forests and Soil Conservation

National Conference on Science and Technology

Nepal ese Rupees

Non Wood Forest Products

National Trust for Nature Conservation

Doctor of Philosophy

Research Centre for Applied Science and Technology

South Asia

Swiss Association for Technical Assistance in Nepal

School of Environmental Management and Sustai nable Devel opment
Socioeconomic Status

Primitive

Netherlands Devel opment Organization-Nepal

Square Kilometer

Tribhuvan University
Tribhuvan University Central Herbarium



U.SA.
UCOs
UMBCP
UNESCO
USSR
UTI
UV-A
vDC
WHO
WWF
Mg/disc
pl/mL

United States of America

Unit Conservation Offices

Upper Mustang Biodiversity Conservation Project
United Nations Educational Scientific and Cultural Organization
The Union of Soviet Socialist Republics

Urinary Tract Infection

Ultra-violet

Village Development Committee

World Health Organization

World Wide Fund for Nature

Microgram per discs

Micro Liters per Milliliter



