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Abstract

Background and Objectives Adequate treatment of wounds remains one of the major medical 
needs globally, most notably in the regions with poor or limited access to health care. In many local 
and traditional systems of medicine, plants are often widely used for treating infected wounds.
Aim and objectives The overarching aim of this project was selection of potential species for use in 
a future treatment by combining with plant resources with aspects of antimicrobial photodynamic 
therapy (aPDT). Specifically, we focussed on species used locally in the Himalayan region for the 
treatment of skin disorders and then assessed the existing pharmacological evidence for key spe-
cies based on the published evidence available.
Methods Database searches were performed to identify relevant publications describing local and 
traditional uses of plants in the Himalayan region of Bhutan, PR China, India, Nepal and Pakistan. 
Using the Global Biodiversity Information Facility (GBIF), species were researched in terms of their 
distribution including in different climatic regions, focussing on species mostly found in higher 
climatic zones (based on the Köppen–Geiger climate classification). For species used in three or 
more countries and restricted to the higher altitudes, data on safety, pharmacology, as it relates to 
dermatological conditions, and phytochemistry were retrieved.
Key findings The study identified a total of 606 species that are used in the treatment of various skin 
conditions often associated with infections reported in 84 articles. Common weeds like Ageratum 
conyzoides and Bidens pilosa, widely used and cultivated species like Centealla asiatiaca and 
Prunus armenica were excluded. This ultimately led to the identification of a core group of five 
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widely used species restricted to the Himalayan region (Cedrus deodara, Nardostachys jatamansi, 
Pinus wallichiana, Pinus roxburghii and Valeriana jatamansi).
Conclusions Here we apply a novel approach comprising an assessment of the published infor-
mation on the use of medicinal plants (i.e. local and traditional knowledge) in the context of their 
potential to be used in a biomedical form of clinical treatment – aPDT. Then, once sustainable 
sourcing based on access and benefit-sharing arrangements is in place, these species are investi-
gated for their potential in wound treatment. Ultimately, the goal is to develop a new baseline for 
primary health care in some of the regions of the world with poor or limited access to health care.

Keywords: Himalaya; medicinal plants; wound treatment; traditional medicine; dermatology; infectious diseases (skin)

Introduction

Injuries account for 7.6% of deaths worldwide and 11% of years 
of life lost in 2019, especially in low- and low–middle-income coun-
tries.[1] Importantly, recovery of trauma patients may be severely 
disrupted by infections of wounds with microbes, leading to often 
long-term economic consequences due to temporary or permanent 
disabilities, considerable health costs and reduced or even ceased in-
come.[2] This has a specific impact on the health-related quality of life 
and specifically the lives of the poor and poorest and their families, 
and all too often, women are more heavily affected, also in terms of 
access to health care.[3, 4]

Generally, a low bacterial load in open injuries is a critical goal 
in wound care to prevent delayed wound healing, difficult-to-treat 
chronic situations or – with certain pathogens – patients' death.[5, 6]  
However, especially in less- and medium-developed countries, as 
well as in poorer regions of other countries, established antibiotic 
treatment regimens are associated with a number of particular chal-
lenges. These include, among others, a limited drug availability for 
poorer segments of the population and, in rural areas, distribution of 
adulterated or poor-quality drugs, inappropriate prescription prac-
tices and unmonitored use of antimicrobials with risks of poor com-
pliance and misapplication.[7] Especially the latter factors are known 
to contribute to the ever-growing development of antibiotic resist-
ance, recognized as one of the most urgent challenges global public 
health care system currently facing.[8, 9]

Local and traditional medicinal plants are frequently recorded 
to be used in the prevention and treatment of infected wounds and 
for promoting wound healing. However, apart from the use in their 
natural state, some species identified from local pharmacopoeias 
have shown their potential to be a major source of new pharma-
ceutical leads like ingenol 3-angelate (used in dermatology) or 
galanthamine (with uses in cognitive decline).[10] Such leads are still 
largely underexplored but could serve to develop safe, cost-effective 
and efficient first-line treatments of wounds prone to infections, and, 
at the same time, prevent overuse of common antibiotics and even-
tually save last resort drugs.[11, 12]

In this basic research project, we wish to investigate natural 
molecules suitable for their potential application in innovative anti-
microbial and wound-healing protocols. As a prerequisite for these 
studies, we here present a first literature search with the aim to iden-
tify plants that are generally used in the context of dermatological 
conditions. Such a search strategy broadens the spectrum of poten-
tial plant candidates because the vast majority of such diseases are 
associated with skin defects and/or a direct or indirect microbial 
involvement.

In essence, this can be seen as a classical approach, identifying 
potential lead species based on local/traditional uses.[13, 14] As this 

will normally lead to a large number of species and often very widely 
distributed ones, already studied in detail, we added a second step – 
the focus on plants particularly abundant in high mountain regions. 
As these plants are exposed to high levels of sunlight including UV, 
they are good candidates for plants rich in photoactive substances. 
Based on this botanical assessment, we then select species with po-
tential therapeutic benefits.

For our research, we chose to further focus on plants from the 
Himalayan regions because they house many indigenous societies, 
who possess and apply knowledge of medicinal plants available to 
them. People in these regions often have poor access to biomedical 
(‘Western’) health care and treatments due to their remote location 
and poverty. These challenges combined with the fact that such re-
gions are recognized as global biodiversity hotspots might have con-
tributed to the maintenance of a thriving traditional medicine based 
on local medicinal species.[15–19] The exact number of Himalayan me-
dicinal plants has not been reported, but the mountain range is a 
cradle for around 10 000 plant species.[19] The region spreads across 
five countries, namely Bhutan, China, India, Nepal and Pakistan, all 
of which retained a strong traditional medicine system, for example, 
the well-known and increasingly popular Ayurveda (India) and 
Traditional Chinese Medicine (TCM) (China). Bhutan sits on the 
Eastern Himalayas and features high mountains. Bhutan's official 
traditional medical system – Sowa rigpa – blends principles of Indian 
and Tibetan Medicine with ancestral medical applications.[20] Nepal 
is situated between the Western and Eastern Himalayas, featuring a 
unique blend of flora; over 6000 vascular plants in Nepal have been 
documented to date.[21] Due to the influence of neighbouring India 
and China, Nepalese traditional medicinal practices are now a com-
bination of Ayurveda, Tibetan Medicine and local ethnomedicines.[21] 
Mixed climate zones, due to altitudinal variations (from 0 to 8611 
m), endow Pakistan with a large diversity of plants (6000 flowering 
plants).[22] Similar to its neighbouring countries, Pakistan has a very 
rich experience of using plants to treat diverse ailments. However, 
in contrast to Bhutan and Nepal, the Pakistani traditional medicine 
system is based predominantly on Unani medicine.[23] Furthermore, 
the country has accepted Unani medicine and integrated it into 
the national health system, as well as other complementary and 
alternative medicine (CAM) systems, for example Ayurveda and 
homeopathy.[23]

A key aspect of our research on new herbal preparations for 
the treatment of infected wounds is the focus on herbal light-
absorbing compounds. One of the best-investigated examples of 
such a natural photosensitizer molecule is hypericin, a hydroxyl-
ated phenanthroperylene dione occurring in flowers and leaves of 
Hypericaceae (the St John's Wort family).[24, 25] At least under in vitro 
conditions, light-activated hypericin has been shown to display a 
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remarkable broad-band antimicrobial efficiency towards various 
bacteria, viruses, fungi and protozoa, including difficult-to-treat 
microbial biofilms and even antibiotic-resistant strains.[26, 27] While 
Hypericum extracts are well known to promote wound healing, their 
light-induced antimicrobial activity may significantly enhance this 
effect.[28] Several studies in patients already showed that wound dis-
infection by light-activated synthetic photosensitizers may impres-
sively contribute to wound closure and healing.[29]

In view of our search for promising light-absorbing molecules, 
we thus furthermore systematically restricted the list of priority spe-
cies to taxa being found in higher altitudes of the Himalayas.

Due to the shorter path length of the solar beam to the surface 
and thus lower amounts of absorbing and/or scattering atmos-
phere molecules, these regions are exposed to an intensive solar 
radiation.[30–32] Several studies indicated that enhanced light inten-
sity and/or exposure to ultraviolet (UV) light is among the abi-
otic environmental stress factors eliciting an increased synthesis of 
secondary plant metabolites.[33–35] Many of these compounds may 
serve protective purposes, helping higher plants to cope with po-
tentially harmful consequences of the strong irradiation, like oxi-
dative damage resulting from increased levels of reactive oxygen 
species (ROS).[36] However, it had also been proposed that certain 
irradiation-induced secondary metabolites may serve as key survival 
and competitive factors in high mountain areas (with their environ-
mentally harsh growth conditions and short vegetation periods) by 
contributing to an optimized phytochemical defense system against 
herbivores or pathogens.[37–40]

Not unexpectedly, the amount of UV absorbing molecules has 
been reported to increase with altitude.[41] However, in our context, 
it is important to note that this relation also applies to classical nat-
ural photosensitizers, as exemplarily shown with hypericin from 
Hypericum perforatum grown at higher mountain ranges in Turkey 
or Greece.[42, 43] In addition, studies indicated that at least under cer-
tain conditions, UV-B may increase the synthesis of hypericin.[44–46]

We here hypothesize that many more plants able to thrive or sur-
vive under prolonged strong solar irradiation (such as those found 
at high altitudes) have developed intensely light-absorbing molecules 
with a potential as clinical photosensitzers for photodynamic appli-
cations in patients. The endogenous roles of light-responsive com-
pounds in altitude-adapted plants may be in preventing the impact 
of potentially damaging UV-induced ROS accumulation, but overall, 
the complexity of photoprotection in plants is not understood well.

The photophysical behaviour of hypericin and its analogues 
serve as an example that the effects in plants and animals or humans 
cannot be correlated, since it is clear that the compounds' pharma-
cological effects change dramatically with their biochemical envir-
onment, for example in the presence of proteins like human serum 
albumin.[47] This may lead to fundamentally different consequences 
of light-absorbing molecules in biological systems, as shown exem-
plarily with hypericism in grazing animals.[48]

Since clearly light-inducible effects pose the risks of secondary 
effects in humans, that is photoxicity, we have excluded species from 
this analysis, which are known to be highly phototoxic, that is cause 
major allergic reactions, act as pro-inflammatory agents or are dam-
aging the skin directly.

To the best of our knowledge and based on an assessment of 
the literature, the combination of an ethnopharmacological with 
a phytogeographical approach presented here has never been at-
tempted before and thus provides a novel strategy for the identifica-
tion of potential natural photosensitizers for clinical photodynamic 
applications.

Methods

Literature search strategy
Literature was retrieved using three online bibliographical databases: 
Web of Science, Scopus, China National Knowledge Infrastructure 
(CNKI) and a detailed review of the 2015 edition of the Chinese 
Pharmacopoeia for species applied to treat skin diseases found in 
this region. The keywords originally used on Web of Science and 
Scopus were ‘Bhutan’, ‘China’, ‘India’, ‘Nepal’ or ‘Pakistan’ for the 
region, ‘skin’ or ‘dermat*’ for the disease of interest, ‘Himalaya’ 
or ‘high altitude/elevation’ to restrict habitat and ‘plant’. As only 
a small number of articles were found, the search terminology in-
dices were modified as follows: (a) Web of Science:[TOPIC: (Bhutan/
China/India/Nepal/Pakistan) AND TOPIC: (skin/dermat*) AND 
TOPIC: (plant)]; (b) Scopus: TITLE-ABS-KEY (Bhutan/China/India/ 
Nepal/Pakistan AND skin/dermat* AND plant). For CNKI, key-
words – ‘high altitude’, ‘plateau’, ‘Tibetan medicine’, ‘Himalaya’, 
‘Changbai mountain’ and ‘Hengduan mountain’ in Chinese were 
searched, restricted to ‘Subject’, and ‘Synonym Search’ was allowed. 
No time restrictions were included. The literature search is up to 
date until 10 August 2020. Plant names were assessed for taxonomic 
validity using Medicinal Plant Names Services (MPNS) (mpns.sci-
ence.kew.org/mpns-portal). The Plant List (www.theplantlist.org), 
which was used in many published articles,[22, 49–52] was checked 
when MPNS provided confusing or no information about the plant 
name searched. The search result on MPNS was given priority when 
it contradicted that on The Plant List, or other specialist resources 
were consulted.

GBIF (www.gbif.org) was used to estimate the altitude range of 
species occurrences, with two datasets – The Himalayan Uplands 
Plant database and Database of Vascular Plants of Himalaya.

Inclusion and exclusion criteria
The inclusion criteria for literature were: (a) for CNKI, articles 
which were in the TCM category but also written in Chinese; (b) for 
Web of Science and Scopus, published articles in journals written in 
English; (c) papers reviewing plant species used to treat certain skin 
conditions of humans; (d) articles addressing a single herb's trad-
itional uses; and (e) articles with the available full text. Papers were 
excluded if their study areas were far away from the Himalayas and 
provided no information about altitude.

Inclusion of a species was based on: (a) plant species with a clear 
description of traditional usage against skin ailment(s); (b) within 
the two datasets, plants with recorded occurrences at altitudes of at 
least 1000 m above sea level (asl).

Tabulation of plants
Titles and abstracts of search results were scrutinized, and a se-
lection of full texts was made. A  master list was developed with 
Microsoft Excel 2019 (Supplementary Appendix S1). The list in-
cludes the internationally accepted name, the name as published in 
the original source, family, habit, study region, plant part used, mode 
of preparation, route of administration, disease they were used for 
and the relevant sources. Species reported in more than one country 
were enlisted only once. Based on the information provided by Flora 
of China, CABI (https://www.cabi.org/isc/datasheet/55072), Plants 
of the World Online (www.plantsoftheworldonline.org/), GBIF 
(https://www.gbif.org/) and other biodiversity-related sources, four 
groups were created. These represent the general abundance of a 
species: ‘*’ (generally restricted to montane areas above 1000 m), ‘#’ 
(widely cultivated as a food, ornamental or for other purposes) or 
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‘^’ (widely distributed and generally weedy, or invasive). All others 
are listed with no symbol.

Review on pre-existing pharmacological evidence 
and phytochemistry of core species
Species used in three or more countries and restricted to the higher 
altitudes were reviewed for their safety and pharmacology as well as 
phytochemistry as it relates to dermatological conditions.

Literature search strategies for species selected were: (a) [TITLE-
ABS-KEY (species name) AND TITLE-ABS-KEY (skin OR dermat*)] 
on Scopus; (b) TOPIC: (species name) AND TOPIC: (skin OR 
dermat*) on Web of Science. Species included in the TCM system 
were also searched on CNKI, (Subject: species name) AND (Title, 
Keyword and Abstract: uses recoded in Supplementary Appendix 
S1).

The literature inclusion criteria were: (a) for CNKI, papers 
written in Chinese; (b) for Web of Science and Scopus, published 
articles in journals written in English; (c) studies researching phyto-
chemistry and/or pharmacology related to the positive effect on 
skin conditions of species searched; (d) articles reporting side effects 
caused by the administration of the plant’s extracts; and (e) articles 
with the available full text. Additionally, the reference list of each 
paper was checked for relevant articles. Studies on polyherbal pre-
parations were excluded. We followed Heinrich et al.[53] for assessing 
the quality of the studies under review.

Results and Discussion

Species used in high-altitude regions
In total, 84 articles, including 12 which focussed on a certain species 
or genus, were selected from the title and abstract according to the in-
clusion and exclusion criteria. Including the Chinese Pharmacopoeia, 
85 publications in total were reviewed. Studies were distributed un-
evenly among the countries included. Most publications (34; 40%) 
targeted the local and traditional uses in Indian communities, fol-
lowed by Pakistan (16; 19%), while China and Nepal had similar 
proportions (13; 15% and 14; 16%, respectively). By contrast, only 
four papers (5%) recorded botanical treatments in Bhutan, and from 
more than one country, respectively.

A total of 606 species representing 126 families are recorded 
as being used by indigenous people for cutaneous complaints, with 
Asteraceae (58 species), Fabaceae (42), Lamiaceae (32), Polygonaceae 
and Rosaceae (21, respectively) and Ranunculaceae (19) being the 
most commonly cited families (Supplementary Appendix S1). As one 
would expect, the majority of the included species are herbs (373, 
61.5%), followed by shrubs (113; 18.6%) and trees (89; 14.7%). 
Very few climbers (25; 4.1%) and ferns (3; 0.5%) are recorded.

The number of medicinal species recorded in each country also 
varies greatly and is correlated with the number of papers, which 
to some degree also indicates varying degrees of research interest in 
these countries: India (340 species), Pakistan (190) and Nepal (156). 
Only 72 species from China 36 from Bhutan are included (multiple 
listings possible).

None of the species documented was used in all countries with 
five species recorded in four out of five countries for similar or dif-
ferent dermatological complaints: Centella asiatica (L.) Urb., Melia 
azedarach L., Oxalis corniculata L., Ricinus communis L.  and 
Zanthoxylum armatum DC. Ricinus communis stands out as being 
particularly widely used (15 studies with records in 15 different 
categories of skin problems). Of note, all these species are widely 

distributed and, in many cases, weedy species, which are not endemic 
to high-altitude regions.

Local and traditional medical uses in the context of 
dermatological conditions
The terminology for dermatological conditions used in the papers 
was inconsistent. Similar diseases were recorded with different 
terms, such as chilblain and frostbite, tinea pedis and athlete's 
foot and leukoderma and leucoderma. Besides, catch-all terms like 
‘skin diseases’ and ‘dermatological disorders’ were used to indicate 
ethnomedicinal applications. Also, a separated/attached form of 
terms for the same types of disorder (e.g. smallpox and small pox) oc-
curred in different papers. Therefore, the data summarized in Table 1  
represents a synthesis and cannot be correlated with standard bio-
medical terms (e.g. ICD11).

Wounds, cuts (which could be classed as a subcategory of 
wounds) as well as boils, stand out as being of particular importance. 
Wounds, boils and cuts were also the most common skin ailments 
in several studies investigating traditional dermatology practices in 
India and Pakistan.[11, 12, 22, 54–56] Specific reference to inflammatory 
and infectious conditions is relatively low, and in case of sunburns 
only two uses were recorded, for Ephedra gerardiana and Sesamum 
indicum. In addition, chilblains/frostbites are rarely treated. These 
data provide some indication of what particular health problems are 
treated in these high-altitude regions. For example, based on the data 
retrieved, chilblains/frostbite seems to be rarely treated or there is 
an underreporting of such uses. The reasons for this low number of 
reported species remain unclear.

Clearly, the uses for a single species may also differ widely. For 
instance, A. conyzoides L. is applied to wounds in Bhutan, India and 
Nepal, but it also plays a role in the treatment of leprosy and boils in 
India (Supplementary Appendix S1).

Achyranthes bidentata Blume is used to treat pimples, boils, 
itchy pustules and insect and snake bites in India, whereas in 
Chinese medicine it is mainly used for musculoskeletal condi-
tions and was originally cited in texts of the 2nd century CE.[57] 
However, it could potentially have an application in skin diseases 
due to its steroidal content and its potential application in tissue 
regeneration.[58]

The top 12 species recorded for medicinal use in high-altitude 
regions are Cedrus deodara (Roxb. ex D.Don) G. Don, Houttuynia 
cordata Thunb., Lobelia chinensis Lour., Nardostachys jatamansi 
(D.Don) DC, Paris polyphylla Sm., Pinus wallichiana A.  B. Jacks 
and Pinus roxburghii Sarg., Prinsepia utilis Royle, Punica granatum 
L., Solanum nigrum L., Tussilago farfara L. and Valeriana jatamansi 
Jones ex Roxb. Interestingly, seven of them are not typical of high-
altitude regions – H. cordata, L.  chinensis, P. polyphylla, P. utilis, 
P. granatum L., S. nigrum L., T. farfara L.

High-altitude medicinal species
An initial impetus for this review was the search for species, which 
– due to their exposure to high intensities of light – might be of par-
ticular interest for further research and development focussing on 
light-activated potential anti-infective and anti-inflammatory agents 
for treating wounds. We used a systematic strategy as outlined in 
Figure 1 to select the most promising species. Basing the selection 
criteria on the updated Köppen climate classification,[59] we took a 
very broad approach and included species which are restricted to 
or have their biodiversity centre in climate region Cwb and above 
(E – tundra and high mountains). However, we also included species 
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found in Cwa taking the reported altitude range for a species as an 
approximation.

Only five species restricted to the Himalayan region (C. deodara, 
N.  jatamansi, P.  wallichiana/P.  roxburghii and V.  jatamans) have 
been more widely used in the region. Species numbers used in only 
one, two and three countries are 125, 19 and 5, respectively. Among 
the 606 species, those generally restricted to or at least widely dis-
tributed in mountain regions account for less than a quarter (150 
sp.) (Supplementary Appendix S1). This group includes Himalayan 
endemic species, as well as species with a distribution centre around 
the Arctic circle and in high mountain regions. Another core group 
is composed by commonly cultivated species (139; 23%), which are 
grown for ornamental purposes or for food, like the pomegranate 
(P. granatum) and maize (Zea mays). 99 species (16%) are widely 
distributed, weedy or invasive species. The remaining ones are spe-
cies distributed both in higher and lower elevations of Asia.

These data are interesting from another perspective. It has been 
demonstrated before that the access to a resource to be used medi-
cinally or in other words its ‘weediness’ is a core factor determining 
the selection of a plant, both in local/traditional medical systems, but 
also in biomedicine.[60, 61]

Plant parts used, preparation methods and modes 
of administration
The uses of plant parts for medicinal preparations were highly di-
verse, covering almost all parts but also different developmental 
stages (e.g. buds and flowers or leaves) (Table 2). Uses of the same 
parts of a species for different ailments and different parts for the 
same conditions were often documented (Supplementary Appendix 
S1). Leaves were the most frequently used part, followed by roots, 
whole plants, seeds and bark (similarly to other studies from India 
and Pakistan[12, 22, 54, 55]). The employment of leaves is preferable since 
it potentially offers a more sustainable use of natural resources, and 
since, compared to fruits and flowers, leaves satisfy medicinal de-
mand for a longer period over an annual cycle.

In a dermatological context, the mode of preparation and for-
mulation is of particular importance. However, this type of data is 

often lacking in ethnobotanical studies, such as those reviewed here 
(Supplementary Appendix S1).

The majority is made into pastes, followed by juice, decoction 
and powder (Table 3), in line with data from previous studies.[22, 

54] Multiple uses of drugs from a species and modes of preparation 
are recorded in the studies reviewed, for example, the paste of 
Trigonella foenum-graecum L.: leaf (decoction, paste/oral), flowers 
(decoction, paste/oral), seed (paste/oral) (Supplementary Appendix 
S1). The decoction of Celosia argentea L. stems, leaves, flowers and 
seeds, respectively, was used as medicinal baths to treat eczema 
(Supplementary Appendix S1; Li et al 2006).

Clearly, in most cases, the formulations point to a potential use 
of the entire spectrum of metabolites (i.e. from hydrophilic to lipo-
philic) since the directly processed plant material is most commonly 
used (paste, juice, powder). Hydrophilic preparations (decoctions, 
poultice and infusion) are recorded in 114 (14.2%) cases; lipophilic 
preparations account for 5% (40) and in case of ‘paste’ the excipi-
ents remains unclear and often more detailed information on trad-
itional preparation methods would have been essential.

As expected, a large majority of species with clear records of 
administration routes were used externally (359; 83%). Internal 
uses account for 16% (72), including species with both external 
and internal uses (including plant preparations from a botanical 
drug being used externally in one study and internally in another) 
(Supplementary Appendix S1).

The potential of high-altitude plants in the 
management of skin diseases
Several species retrieved from the literature search are widely used, 
and often they are common weeds or invasive species, which, 
in general terms, are already very well-studied. These include 

Figure 1 Flow diagram of species prioritization based on the combination of 
local/traditional uses for skin infections/inflammation and the use in high-
altitude regions.

Table 2 Plant parts used (based on Supplementary Appendix S1)

Part of plant used Number of species (n = 10091)

Leaf 289
Root 148
Whole plant 123
Seed (kernel) 65
Bark 64
Fruit 59
Flower (floret, floral part,  

inflorescence)
57

Aerial part 37
Stem 25
Rhizome 24
Latex (milky sap) 19
Bulb 15
Tuber 10
Pseudobulb 10
Stem bark 9
Shoot 8
Root bark 6
Resin (oleoresin) 6
Branch 5
Peel (rind) 5
Berry 4
Bud, corm, gum 2 each
Bine, clove, corolla, dust, frond, 

endosperm, gall, petioles,  
pulp, spike, spore, stem node,  
twig, underground part, young 
saplings1

1 each

1A species may yield more than one drug.
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A.  conyzoides, Bidens pilosa, C.  asiatica, Cissampelos pareira, 
Euphorbia hirta, M. azedarach, O. corniculata, R. communis, Rubus 
ellipticus and R. spp., Urtica dioica. Cannabis sativa, P. polyphylla, 
Prunus armeniaca, Sapindus mukorossi, Vitex negundo and 
Woodfordia fruticosa. Some like P.  armeniaca are used relatively 
widely both for their fruit and as medicines, Others are well-studied 
medicinal plants and all these were excluded. The cases that will be 
examined are therefore those of the species more typical of high alti-
tudes habitats and not widely used/known.

Cedrus deodara (Roxb. ex D.Don) G.Don
The essential oil of C. deodara is the main preparation reported with 
dermatological uses in India, Nepal and Pakistan (Supplementary 
Appendix S1). Controlling sarcoptic mange in sheep, was achieved 
using the essential oil of C. deodara.[62, 63]

Antifungal,[64] linked to two sesquiterpenes and anti-inflamma-
tory/analgesic effects were also reported, and it is likely that the es-
sential oil has antibacterial effects.[65]

Nardostachys jatamansi (D.Don) DC.
The species is found from Western to Eastern Himalaya including, 
Nepal, Tibet, as well as in other regions of North- and South-Central 
China, Bangladesh and Myanmar. In the Himalayas, some commu-
nities use the leaves to treat altitude sickness as well as wounds.[66] 
In Chinese medicine, its main use is in the treatment of digestive 
complaints.[57] While the traditional use of the root in three countries 
to treat wounds or fungal infections is well-known, limited infor-
mation on relevant pharmacological effects is available. Ali et al.[67] 
demonstrate potential effects on benzoyl peroxide-induced oxidative 
stress, toxicity and ear oedema in mice and Min and Park[68] demon-
strated inhibitory effects on inflammatory cytokines (IgE, IL-6, IL-8 
and TNF-α) also in mice.

Bhattacharya and Dhiman[69] highlight the confusion between 
this species and V.  jatamansi (see below). Since 1997 it has been 
listed by its synonym Nardostachys grandiflora in CITES Appendix 
II, as a plant of being at risk of becoming endangered unless trade 

becomes more sustainable.[70] It, additionally, figures in the IUCN 
Red List of Endangered Species.[69, 71]

Pinus wallichiana A.B. Jacks.
Pinus wallichiana is a mountain plant that provides a wide range 
of botanical drugs including stems, resin, leaves, bark and seeds 
that have been used in the traditional medicine of India, Nepal 
and Pakistan to treat cracks, cuts and wounds, pus and abscesses. 
Antibacterial, antifungal and anti-inflammatory activity have been 
reported, but the evidence remains limited.

Hydro-alcoholic extract of P.  wallichiana stem bark showed 
a potent antimicrobial effect on Pseudomonas aeruginosa, 
Streptococcus aureus and Klebsiella pneumoniae and antifungal 
activity against Candida albicans in vitro. Besides, the extract ex-
hibited potential in vitro anti-inflammatory activity via albumin 
denaturation and human red blood cells membrane (HRBC) sta-
bilization assays.[72]

The aqueous extract of P. wallichiana stems was found to be 
non-toxic and non-mutagenic at all tested doses (up to 80  mg/
kg) using the Ames and acute toxicity assays (Khan et al., 2020). 
Moreover, silver nanoparticles incorporating the water extract 
were significantly active against Acinetobacter baumannii, an 
opportunistic pathogen known to cause wound and surgical 
site infections, especially in individuals with immune system 
deficiencies.[73]

P. roxburghii offers a similar profile and opportunities.

Valeriana jatamansi Jones ex Roxb.
Valeriana jatamansi is distributed from Eastern Afghanistan to 
Central & East Central China but also in Eastern China. Rhizomes, 
roots and the whole plant of this species have been used in four 
countries for the treatment of cuts and wounds, boils, pimples, pus 
or abscesses and other skin diseases (Supplementary Appendix S1). 
The species should not be confused with N. jatamansi, see above.

Valeriana jatamansi rhizomes' aqueous and methanolic extracts 
considerably reduced inflammation of carrageenan-induced paw 
oedema in rats by inhibiting the production of inflammatory me-
diators histamine, prostaglandin and serotonin.[74] This could be 
linked to the presence of iridoids, including a series of jatodamines 
(A to E), and the sesquiterpenoid 8-acetoxyl-pathchouli alcohol 
inhibiting nitric oxide release in LPS-induced murine microglial 
BV-2 cells. However, the latter model is not directly relevant for 
skin conditions and is, in pharmacological terms, very preliminary. 
Patan et  al.[74] also reported the antibacterial potential of hydro-
alcoholic extracts of V. jatamansi extracts, at doses of 0.3–0.7 mg/
ml, on S. aureus, P. aeruginosa, comparable with chloramphenicol 
used at 1 mg/ml. Valerenic acid was responsible for the antibacterial 
activity.

Valeriana jatamansi is often confused with the endangered 
N. jatamansi (as mentioned earlier). Consequently, V. jatamansi, is 
considered potentially at risk, too[70] and for this reason may not be 
a good lead species.

Conclusion

In our approach, we used a multi-step process to identify potential 
lead species for the future development of effective, safe and cheap 
treatment regimens for infected wounds that rely on the activating 
power of light. After an initial screening of the literature, we fo-
cussed on species that are more likely to be exposed to intensive 

Table 3 Frequency of use (number of species) for different 
preparation methods in the regions studied (based on 
Supplementary Appendix S1)

Preparation Number of species (n = 801)1

Paste 259
Juice 120
Decoction 89
Powder 77
Extract 51
Poultice 50
Oil 40
Infusion 25
Raw material 22
Crushing 21
Fresh material 10
Heating 7
Cooking (frying) 6
Grinding, rubbing 5
Ash, pounding 4
Boiling 3
Crude, mashing, smoke 2 each
Cake, pill, warming 1 each

1Multiple drugs/forms of preparation possible.
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levels of light, because they may produce more bioactive substances, 
which are light-sensitive.

The approach has some important limitations. The available in-
formation on the distribution of species does not allow a clear-cut 
differentiation of species between high mountain and other regions. 
Therefore, further analysis of these species may be needed. Also, the 
number of species restricted to high mountain regions is relatively 
low (ca 25%). People living in the region clearly use what they have 
access to and thus we identified a large number of common if not 
ubiquitous species. This finding, in fact, provides further evidence 
that people's choice of medicines is driven by accessibility and thus 
the level of distribution (and weediness) of a species affects the fre-
quency of use. At the same time, some of these species may well be of 
pharmacological interest, since they have been able to adapt to chal-
lenging and diverse ecological conditions and are used globally. Of 
course, this is a preliminary analysis identifying lead species and, at 
this stage, much more evidence is needed to identify potential bene-
fits, limitations and specific risks. Ingenol 3-angelate (s) provides a 
good example of the level of research needed. It was first seen as an 
excellent treatment of treating actinic keratoses and non-melanoma 
skin cancer. After its introduction in 2012, the marketing author-
ization was withdrawn in Europe in 2020 due to reported carcino-
genicity[75] indicating that a very robust level of evidence will need 
to be created.

In a next step and once sustainable sourcing based on full access 
and benefit-sharing arrangements is in place, these species could be 
investigated for their potential in wound treatment. Ultimately, the 
goal is to develop a new baseline for primary health care in some of 
the poorest regions of the world.

The strategy used here proposes a new combination of 
ethnopharmacological and phytogeographical approaches with in-
novative treatments and, as such, offers new opportunities for drug 
development, in this case for skin diseases. The combination has the 
potential to contribute to novel basic research into long-sought sus-
tainable methods to promote wound healing while preventing or 
even treating local infections effectively, safely, at low cost and in 
an outpatient setting. Especially for people with lower or very low 
income and limited access to basic or standard health provision, this 
may provide a very high-impact, affordable primary care option. 
While strictly adhering to principles of Access and Benefit Sharing as 
defined in the Nagoya Protocol,[76] it also strongly contributes to the 
Sustainable Development Goals of the United Nations.[77]

Supplementary Material

Supplementary data are available at Journal of Pharmacy and 
Pharmacology online.
The citations for references [78-152] are available in Supplementary 
Appendix S1.

Acknowledgement
Haiping Jiang conducted this research as a part of her MSc project at the UCL 
School of Pharmacy. M Heinrich is grateful to China Medial University for 
facilitating a two months sabbatical stay with their TCM Research groups.

Authors Contributions
M.H.  designed the study and supervised the project including an MSc dis-
sertation by H.J., who gathered the data and provided an analysis. F.S. and 
A.B. contributed aspects esp. relating to plant sciences and ethnopharmacology, 

C.W. on the taxonomy and botany, H.W. and C.M. on photodynamic aspects. 
All authors read the MS and approved the final version.

Funding
Funding by the Velux Stiftung (Switzerland; grant No. 1284) is gratefully 
acknowledged.

Conflict of Interest
None declared.

References
 1. Institute for Health Metrics and Evaluation. Global Burden of Disease 

Study 2019. [online] 2020. http://www.healthdata.org/gbd/2019 (18 
November 2020, date last accessed).

 2. Meyer AA. Death and disability from injury: a global challenge. J Trauma 
1998; 44: 1–12.

 3. Krug  EG, Sharma  GK, Lozano  R. The global burden of injuries. Am J 
Public Health 2000; 90: 523–6.

 4. Olsson  M, Järbrink  K, Divakar  U et  al. The humanistic and economic 
burden of chronic wounds: A  systematic review. Wound Repair Regen 
2019; 27: 114–25.

 5. Driver VR, Gould LJ, Dotson P et al. Evidence supporting wound care end 
points relevant to clinical practice and patients’ lives. Part 2. Literature 
survey. Wound Repair Regen 2019; 27: 80–9.

 6. World Health Organization. Global Guidelines for the Prevention of 
Surgical Site Infection, Geneva: World Health Organization, 2016.

 7. Hamilton  WL, Doyle  C, Halliwell-Ewen  M et  al. Public health inter-
ventions to protect against falsified medicines: a systematic review of 
international, national and local policies. Health Policy Plan 2016; 31: 
1448–66.

 8. Adeniji F. Global analysis of strategies to tackle antimicrobial resistance. 
Int J Pharm Pract 2018; 26: 85–9.

 9. World Health Organization. Antibiotic Resistance. [online] 2020. https://
www.who.int/news-room/fact-sheets/detail/antibiotic-resistance (14 
November 2020, date last accessed).

 10. Heinrich M. Ethnopharmacology and Drug Development. In: Reedijk  J 
(ed.), Elsevier Reference Module in Chemistry, Molecular Sciences and 
Chemical Engineering. Waltham: Elsevier, 2013: 351–77.

 11. Wagh VV, Jain AK. Ethnopharmacological survey of plants used by the 
Bhil and Bhilala ethnic community in dermatological disorders in Western 
Madhya Pradesh, India. J Herb Med 2020; 19: 100234.

 12. Kumar A, Pandey VC, Singh AG et al. Traditional uses of medicinal plants 
for dermatological healthcare management practices by the Tharu tribal 
community of Uttar Pradesh, India. Genet Resour Crop Evol 2013; 60: 
203–24.

 13. Heinrich  M. Ethnopharmacology and Drug Discovery. In: Liu  HW, 
Mander  L (eds.), Comprehensive Natural Products II Chemistry and 
Biology. Oxford: Elsevier, 2010: 351–81.

 14. Andrade-Cetto  A, Heinrich  M. From the field into the lab: useful ap-
proaches to selecting species based on local knowledge. Front Pharmacol 
2011; 2: 20.

 15. Tali BA, Khuroo AA, Nawchoo IA et al. Prioritizing conservation of medi-
cinal flora in the Himalayan biodiversity hotspot: an integrated ecological 
and socioeconomic approach. Environ Conserv 2019; 46: 147–54.

 16. Le Berre M, Noble V, Pires M et al. Applying a hierarchisation method to 
a biodiversity hotspot: challenges and perspectives in the South-Western 
Alps flora. J Nat Conserv 2018; 42: 19–27.

 17. Nowak  A, Świerszcz  S, Nowak  S et  al. Red List of vascular plants of 
Tajikistan - the core area of the Mountains of Central Asia global bio-
diversity hotspot. Sci Rep 2020; 10: 6235.

 18. Shaheen  H, Shinwari  ZK. Phytodiversity and endemic richness of 
Karambar lake vegetation from Chitral, Hindukush-Himalayas. Pak J Bot 
2012; 44: 15–20.

D
ow

nloaded from
 https://academ

ic.oup.com
/jpp/article/73/7/956/6246674 by U

C
L, London user on 26 M

ay 2022

http://
http://
http://www.healthdata.org/gbd/2019
https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance
https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance


964 Journal of Pharmacy and Pharmacology, 2021, Vol. 73, No. 7

 19. Xu  J, Badola  R, Chettri  N et  al. Sustaining biodiversity and ecosystem 
services in the Hindu Kush Himalaya. In: Wester P, et al (eds.), The Hindu 
Kush Himalaya Assessment: Mountains, Climate Change, Sustainability 
and People. Cham: Springer International Publishing, 2019: 127–65.

 20. Glover SW, Dema R, Yangzon P et al. A review of health and access to 
health information in Bhutan. Health Info Libr J 2006; 23: 290–3.

 21. de Rus Jacquet A, Subedi R, Ghimire SK et al. Nepalese traditional medi-
cine and symptoms related to Parkinson’s disease and other disorders: 
Patterns of the usage of plant resources along the Himalayan altitudinal 
range. J Ethnopharmacol 2014; 153: 178–89.

 22. Alamgeer, Sharif A, Asif H et al. Indigenous medicinal plants of Pakistan 
used to treat skin diseases: a review. Chin Med (United Kingdom) 2018; 
13: 52.

 23. Shaikh  BT, Hatcher  J. Complementary and Alternative Medicine in 
Pakistan: Prospects and Limitations. Evid Based Complement Alternat 
Med 2005; 2: 139–42.

 24. Jendželovská Z, Jendželovský R, Kuchárová B et al. Hypericin in the Light 
and in the Dark: Two Sides of the Same Coin. Front Plant Sci 2016; 7: 560.

 25. Theodossiou  TA, Hothersall  JS, De  Witte  PA et  al. The multifaceted 
photocytotoxic profile of hypericin. Mol Pharm 2009; 6: 1775–89.

 26. Yin  R, Hamblin  MR. Antimicrobial Photosensitizers: Drug Discovery 
Under the Spotlight. Curr Med Chem 2015; 22: 2159–85.

 27. Hamblin  MR. Antimicrobial photodynamic inactivation: a bright new 
technique to kill resistant microbes. Curr Opin Microbiol 2016; 33: 
67–73.

 28. Marrelli  M, Statti  G, Conforti  F et  al. New Potential Pharmaceutical 
Applications of Hypericum Species. Mini Rev Med Chem 2016; 16: 
710–20.

 29. Hu X, Huang YY, Wang Y et al. Antimicrobial Photodynamic Therapy to 
Control Clinically Relevant Biofilm Infections. Front Microbiol 2018; 9: 
1299.

 30. Blumthaler M, Ambach W, Ellinger R. Increase in solar UV radiation with 
altitude. J Photochem Photobiol B 1997; 39: 130–4.

 31. Schmucki DA, Philipona R. UV radiation in the Alps: the altitude effect. 
Proc SPIE Int Soc Opt Eng 2002; 4482: 234–9.

 32. Sola Y, Lorente J, Campmany E et al. Altitude effect in UV radiation during 
the Evaluation of the Effects of Elevation and Aerosols on the Ultraviolet 
Radiation 2002 (VELETA-2002) field campaign. J Geophys Res Atmos 
2008; 113: D23202.

 33. Espinosa-Leal CA, Puente-Garza CA, García-Lara S. In vitro plant tissue 
culture: means for production of biological active compounds. Planta 
2018; 248: 1–18.

 34. Matsuura HN, De Costa F, Yendo ACA et al. Photoelicitation of bioactive 
secondary metabolites by ultraviolet radiation: mechanisms, strategies, 
and applications. In: Chandra S, et al (eds.), Biotechnology for Medicinal 
Plants: Micropropagation and Improvement. Berlin, Heidelberg: Springer, 
2013: 171–90.

 35. Schreiner M, Martínez-Abaigar J, Glaab J et al. UV-B induced secondary 
plant metabolites. Optik Photonik 2014; 9: 34–7.

 36. Frohnmeyer  H, Staiger  D. Ultraviolet-B radiation-mediated responses 
in plants. Balancing damage and protection. Plant Physiol 2003; 133: 
1420–8.

 37. Çirak  C, Aksoy  H, Ayan  A et  al. Enhanced hypericin production in 
Hypericum perforatum and Hypericum pruinatum in response to inocula-
tion with two fungal pathogens. Plant Protect Sci 2005; 41: 109–14.

 38. Strid A, Chow WS, Anderson JM. UV-B damage and protection at the mo-
lecular level in plants. Photosynth Res 1994; 39: 475–89.

 39. Sirvent  TM, Krasnoff  SB, Gibson  DM. Induction of hypericins and 
hyperforins in Hypericum perforatum in response to damage by herbi-
vores. J Chem Ecol 2003; 29: 2667–81.

 40. Sirvent T, Gibson D. Induction of hypericins and hyperforin in Hypericum 
perforatum L.  in response to biotic and chemical elicitors. Physiol Mol 
Plant Pathol 2002; 60: 311–20.

 41. Roblek M, Germ M, Sedej TT et al. Morphological and biochemical vari-
ations in St. John’s wort, Hypericum perforatum L., growing over altitud-
inal and UV-B radiation gradients. Period Biol 2008; 110: 257–62.

 42. Xenophontos  M, Stavropoulos  I, Avramakis  E et  al. Influence of the 
habitat altitude on the (proto)hypericin and (proto)pseudohypericin levels 
of hypericum plants from Crete. Planta Med 2008; 74: 1496–503.

 43. Seyis F, Yurteri E, Özcan A et al. Altitudinal impacts on chemical content 
and composition of Hypericum perforatum, a prominent medicinal herb. 
S Afr J Bot 2020; 135: 391–403.

 44. Tavakoli F, Rafieiolhossaini M, Ravash R et al. Subject: UV-B radiation 
and low temperature promoted hypericin biosynthesis in adventitious root 
culture of Hypericum perforatum. Plant Signal Behav 2020; 15: 1764184.

 45. Brechner  ML, Albright  LD, Weston  LA. Effects of UV-B on secondary 
metabolites of St. John’s Wort (Hypericum perforatum L.) grown in con-
trolled environments. Photochem Photobiol 2011; 87: 680–4.

 46. Namlı  S, Işıkalan  C, Akbaş  F et  al. Effects of UV-B radiation on total 
phenolic, flavonoid and hypericin contents in Hypericum retusum Aucher 
grown under in vitro conditions. Nat Prod Res 2014; 28: 2286–92.

 47. Lobban  CS, Hallam  SJ, Mukherjee  P et  al. Photophysics and 
multifunctionality of hypericin-like pigments in heterotrich ciliates: a 
phylogenetic perspective. Photochem Photobiol 2007; 83: 1074–94.

 48. Schempp CM, Lüdtke R, Winghofer B et al. Effect of topical application of 
Hypericum perforatum extract (St. John’s wort) on skin sensitivity to solar 
simulated radiation. Photodermatol Photoimmunol Photomed 2000; 16: 
125–8.

 49. Baidya S, Thakur B, Devi A. Ethnomedicinal plants of the sacred groves 
and their uses by Karbi tribe in Karbi anglong district of Assam, Northeast 
India. Indian J Tradit Knowl 2020; 19: 277–87.

 50. Yang  J, Chen WY, Fu Y et  al. Medicinal and edible plants used by the 
Lhoba people in Medog County, Tibet, China. J Ethnopharmacol 2020; 
249: 112430.

 51. Singh  A, Nautiyal  MC, Kunwar  RM et  al. Ethnomedicinal plants used 
by local inhabitants of Jakholi block, Rudraprayag district, western 
Himalaya, India. J Ethnobiol Ethnomed 2017; 13: 49.

 52. Chandramouli B, Mallikarjuna K. Enumeration of various Ayurvedic for-
mulations listed in an ancient palm-leaf manuscript of Rayalaseema region 
in Andhra Pradesh state, India. J Ethnopharmacol 2020; 251: 112552.

 53. Heinrich  M, Appendino  G, Efferth  T et  al. Best practice in research - 
Overcoming common challenges in phytopharmacological research. J 
Ethnopharmacol 2020; 246: 112230.

 54. Sharma  J, Gairola  S, Sharma  YP et  al. Ethnomedicinal plants used to 
treat skin diseases by Tharu community of district Udham Singh Nagar, 
Uttarakhand, India. J Ethnopharmacol 2014; 158 Pt A: 140–206.

 55. Malik K, Ahmad M, Zafar M et al. An ethnobotanical study of medicinal 
plants used to treat skin diseases in northern Pakistan. BMC Complement 
Altern Med 2019; 19: 210.

 56. Abbasi AM, Khan MA, Ahmad M et al. Ethnopharmacological applica-
tion of medicinal plants to cure skin diseases and in folk cosmetics among 
the tribal communities of North-West Frontier Province, Pakistan. J 
Ethnopharmacol 2010; 128: 322–35.

 57. Chen  JK, Chen  TT. Chinese Medical Herbology & Pharmacology. 
California: Art of Medicine Press, 2004: 650–1.

 58. Rao  KR. Effects of ecdysterone, inokosterone and eyestalk ablation on 
limb regeneration in the fiddler crab, Uca pugilator. J Exp Zool 1978; 203: 
257–69.

 59. Beck HE, Zimmermann NE, McVicar TR et al. Present and future Köppen-
Geiger climate classification maps at 1-km resolution. Sci Data 2018; 5: 
180214.

 60. Amirkia V, Heinrich M. Alkaloids as drug leads – a predictive structural 
and biodiversity-based analysis. Phytochem Lett 2014; 10: xlviii–liii.

 61. Stepp JR, Moerman DE. The importance of weeds in ethnopharmacology. 
J Ethnopharmacol 2001; 75: 19–23.

 62. Sharma  DK, Saxena  VK, Sanil  NK et  al. Evaluation of oil of Cedrus 
deodara and benzyl benzoate in sarcoptic mange in sheep. Small Rumin 
Res 1997; 26: 81–5.

 63. Dimri  U, Sharma  MC. Effects of sarcoptic mange and its control with 
oil of Cedrus deodara, Pongamia glabra, Jatropha curcas and benzyl 
benzoate, both with and without ascorbic acid on growing sheep: epi-
demiology; assessment of clinical, haematological, cell-mediated humoral 

D
ow

nloaded from
 https://academ

ic.oup.com
/jpp/article/73/7/956/6246674 by U

C
L, London user on 26 M

ay 2022



Journal of Pharmacy and Pharmacology, 2021, Vol. 73, No. 7 965

immune responses and pathology. J Vet Med A Physiol Pathol Clin Med 
2004; 51: 71–8.

 64. Chaudhary A, Sood S, Kaur P et al. Antifungal sesquiterpenes from Cedrus 
deodara. Planta Med 2012; 78: 186–8.

 65. Shinde  UA, Phadke  AS, Nair  AM et  al. Studies on the anti-inflamma-
tory and analgesic activity of Cedrus deodara (Roxb.) Loud. wood oil. J 
Ethnopharmacol 1999; 65: 21–7.

 66. Ghimire  SK, Aumeeruddy-Thomas  Y. Ethnobotanical classification and 
plant nomenclature system of high altitude agro-pastoralists in Dolpo, 
Nepal. Botanica Orientalis. Journal of Plant Science 2009; 6: 56–68.

 67.  Ali A, Dua Y, Siddiqui AW et al. Inhibition of benzoyl peroxide-induced cu-
taneous oxidative stress, toxicity, and ear edema in mice by Nardostachys 
jatamansi. Pharm Biol 2005; 43: 533–9.

 68. Min DL, Park EJ. Effects of Nardostachys Jatamansi on atopic dermatitis-
like skin lesions. J Pediatr Korean Med 2012; 26: 13–24.

 69. Bhattacharya A, Dhiman N. Nardostachys jatamansi (D.Don) DC.–chal-
lenges and opportunities of harnessing the untapped medicinal plant from 
the Himalayas. J Ethnopharmacol 2020; 246: 112211.

 70. Traffic International. Implementation of The CITES APPENDIX II Listing 
of Jatamansi Nardostachys Grandiflora and Kutki Picrorhiza Kurrooa. 
[online] 1999. https://cites.org/sites/default/files/eng/com/pc/10/PC10-
Inf2.pdf (14 November 2020, date last accessed).

 71. Ved D, Saha D, Ravikumar K et al. Nardostachys jatamansi. The IUCN 
Red List of Threatened Species 2015. [online] 2015. https://www.
iucnredlist.org/species/50126627/50131395 (14 November 2020, date 
last accessed).

 72. Sharma A, Goyal R, Sharma L. Potential biological efficacy of Pinus plant 
species against oxidative, inflammatory and microbial disorders. BMC 
Complement Altern Med 2016; 16: 35.

 73. Khan N, Khan I, Nadhman A et al. Pinus wallichiana-synthesized silver 
nanoparticles as biomedical agents: in-vitro and in-vivo approach. Green 
Chem Lett Rev 2020; 13: 69–82.

 74. Patan  A, Alekhya  K, Vijey  Aanandhi  M et  al. Valeriana jatamansi: an 
ethnobotanical review. Asian J Pharm Clin Res 2018; 11: 38–40.

 75. European Medicines Agency. Picato Withdrawal of the Marketing 
Authorisation in the European Union. [online] 2020. https://www.ema.
europa.eu/en/documents/public-statement/public-statement-picato-
withdrawal-marketing-authorisation-european-union_.pdf (14 November 
2020, date last accessed).

 76. Convention on Biological Diversity. The Nagoya Protocol on Access and 
Benefit-sharing. [online] 2020. https://www.cbd.int/abs/ (17 November 
2020, date last accessed).

 77. United Nations. The 17 Sustainable Development Goals (SDGs). [online] 
2015. https://sdgs.un.org/goals (17 November 2020, date last accessed).

 78. Francis Xavier T, Kannan M, Auxilia A. Observation on the traditional 
phytotherapy among the Malayali tribes in Eastern Ghats of Tamil Nadu, 
South India. J Ethnopharmacol 2015; 165: 198–214.

 79. Editorial Board of Chinese Pharmacopoeia. [Chinese Pharmacopoeia], 
10th edn. Beijing: China Medical Science Press, 2015 [in Chinese].

 80. Shrestha N, Shrestha S, Koju L et al. Medicinal plant diversity and trad-
itional healing practices in eastern Nepal. J Ethnopharmacol 2016; 192: 
292–301.

 81. Rana  D, Bhatt  A, Lal  B et  al. Use of medicinal plants for treating dif-
ferent ailments by the indigenous people of Churah subdivision of dis-
trict Chamba, Himachal Pradesh, India. Environ Dev Sustain 2020 (14 
November 2020, date last accessed, epub ahead of print).

 82. Upadhyay OP, Kumar K, Tiwari RK. Ethnobotanical study of skin treat-
ment uses of medicinal plants of Bihar. Pharm Biol 1998; 36: 167–72.

 83. Uprety Y, Poudel RC, Gurung J et al. Traditional use and management of 
NTFPs in Kangchenjunga Landscape: implications for conservation and 
livelihoods. J Ethnobiol Ethnomed 2016; 12: 19.

 84. Poonam K, Singh GS. Ethnobotanical study of medicinal plants used by 
the Taungya community in Terai Arc Landscape, India. J Ethnopharmacol 
2009; 123: 167–76.

 85. Kayani  S, Ahmad  M, Sultana  S et  al. Ethnobotany of medicinal plants 
among the communities of Alpine and Sub-alpine regions of Pakistan. J 
Ethnopharmacol 2015; 164: 186–202.

 86. Bhatia H, Sharma YP, Manhas RK et al. Ethnomedicinal plants used by 
the villagers of district Udhampur, J&K, India. J Ethnopharmacol 2014; 
151: 1005–18.

 87. Yadav S, Arya V, Kumar S et al. Plants of Haryana useful in dermato-
logical disorders: an ethnobotanical survey. Pharmacogn Rev 2009; 3: 
104–7.

 88. Kunwar  RM, Uprety  Y, Burlakoti  C et  al. Indigenous use and 
ethnopharmacology of medicinal plants in far-west Nepal. Ethnobot 
Res Appl 2009; 7: 5–28.

 89. Rahman  IU, Afzal  A, Iqbal  Z et  al. Traditional and ethnomedicinal 
dermatology practices in Pakistan. Clin Dermatol 2018; 36: 310–9.

 90. Ambu G, Chaudhary RP, Mariotti M et al. Traditional uses of medicinal 
plants by ethnic people in the Kavrepalanchok District, Central Nepal. 
Plants 2020; 9: 1–34.

 91. Kumar  S, Ziereis  K, Wiegrebe  W et  al. Medicinal plants from nepal: 
evaluation as inhibitors of leukotriene biosynthesis. J Ethnopharmacol 
2000; 70: 191–5.

 92. Wangchuk  P, Keller  PA, Pyne  SG et  al. Evaluation of an 
ethnopharmacologically selected Bhutanese medicinal plants for 
their major classes of phytochemicals and biological activities. J 
Ethnopharmacol 2011; 137: 730–42.

 93. Wangchuk P, Namgay K, Gayleg K et al. Medicinal plants of Dagala re-
gion in Bhutan: their diversity, distribution, uses and economic potential. 
J Ethnobiol Ethnomed 2016; 12: 28.

 94. Dobriyal  RM, Singh  GS, Rao  KS et  al. Medicinal plant resources in 
Chhakinal watershed in the Northwestern Himalaya. J Herbs Spices 
Med Plants 1997; 5: 15–27.

 95. Thakur M, Asrani RK, Thakur S et al. Observations on traditional usage 
of ethnomedicinal plants in humans and animals of Kangra and Chamba 
districts of Himachal Pradesh in North-Western Himalaya, India. J 
Ethnopharmacol 2016; 191: 280–300.

 96. Rehman K, Mashwani ZU, Khan MA et al. An ethno botanical perspec-
tive of traditional medicinal plants from the Khattak tribe of Chonthra 
Karak, Pakistan. J Ethnopharmacol 2015; 165: 251–9.

 97. Singh H, Husain T, Agnihotri P et al. An ethnobotanical study of medi-
cinal plants used in sacred groves of Kumaon Himalaya, Uttarakhand, 
India. J Ethnopharmacol 2014; 154: 98–108.

 98. Rokaya MB, Münzbergová Z, Timsina B. Ethnobotanical study of medi-
cinal plants from the Humla district of western Nepal. J Ethnopharmacol 
2010; 130: 485–504.

 99. Aryal KP, Poudel S, Chaudhary RP et al. Diversity and use of wild and 
non-cultivated edible plants in the Western Himalaya. J Ethnobiol 
Ethnomed 2018; 14: 10.

 100. Jamba N, Kumar BM. Medicinal plants in the broad-leaf mixed con-
iferous forest of Tshothang Chiwog, Bhutan: floristic attributes, vegeta-
tion structure, ethnobotany, and socioeconomic aspects. Front Environ 
Sci 2018; 5: 96.

 101. Namsa ND, Mandal M, Tangjang S et al. Ethnobotany of the Monpa ethnic 
group at Arunachal Pradesh, India. J Ethnobiol Ethnomed 2011; 7: 31.

 102. Sharmila  S, Kalaichelvi  K, Abirami  P. Ethnopharmacobotanical infor-
mations of some herbaceous medicinal plants used by Toda tribes of 
Thiashola, Manjoor, Nilgiris, Western Ghats, Tamilnadu, India. Int J 
Pharm Sci Res 2015; 6: 315–20.

 103. Panda  SK. Ethno-medicinal uses and screening of plants for anti-
bacterial activity from Similipal Biosphere Reserve, Odisha, India. J 
Ethnopharmacol 2014; 151: 158–75.

 104. Kala CP, Farooquee NA, Dhar U. Prioritization of medicinal plants on 
the basis of available knowledge, existing practices and use value status 
in Uttaranchal, India. Biodivers Conserv 2004; 13: 453–69.

 105. Singh  AG, Kumar  A, Tewari  DD. An ethnobotanical survey of medi-
cinal plants used in Terai forest of western Nepal. J Ethnobiol Ethnomed 
2012; 8: 19.

 106. Ahmad M, Sultana S, Fazl-I-Hadi S et al. An ethnobotanical study of 
medicinal plants in high mountainous region of Chail valley (District 
Swat- Pakistan). J Ethnobiol Ethnomed 2014; 10: 36.

 107. Qaseem MF, Qureshi R, Amjad MS et al. Ethno-botanical evaluation of 
indigenous flora from the communities of Rajh Mehal and Goi union 

D
ow

nloaded from
 https://academ

ic.oup.com
/jpp/article/73/7/956/6246674 by U

C
L, London user on 26 M

ay 2022

https://cites.org/sites/default/files/eng/com/pc/10/PC10-Inf2.pdf
https://cites.org/sites/default/files/eng/com/pc/10/PC10-Inf2.pdf
https://www.iucnredlist.org/species/50126627/50131395
https://www.iucnredlist.org/species/50126627/50131395
https://www.ema.europa.eu/en/documents/public-statement/public-statement-picato-withdrawal-marketing-authorisation-european-union_.pdf
https://www.ema.europa.eu/en/documents/public-statement/public-statement-picato-withdrawal-marketing-authorisation-european-union_.pdf
https://www.ema.europa.eu/en/documents/public-statement/public-statement-picato-withdrawal-marketing-authorisation-european-union_.pdf
https://www.cbd.int/abs/
https://sdgs.un.org/goals


966 Journal of Pharmacy and Pharmacology, 2021, Vol. 73, No. 7

councils of District Kotli, Azad Jammu Kashmir Pakistan. Appl Ecol 
Environ Res 2019; 17: 2799–829.

 108. Rashid S, Ahmad M, Zafar M et al. Ethnobotanical survey of medicin-
ally important shrubs and trees of Himalayan region of Azad Jammu 
and Kashmir, Pakistan. J Ethnopharmacol 2015; 166: 340–51. doi: 
10.1016/j.jep.2015.03.042

 109. Kichu M, Malewska T, Akter K et al. An ethnobotanical study of me-
dicinal plants of Chungtia village, Nagaland, India. J Ethnopharmacol 
2015; 166: 5–17. doi: 10.1016/j.jep.2015.02.053

 110. Giorgi A, Panseri S, Mattara MS et al. Secondary metabolites and anti-
oxidant capacities of Waldheimia glabra (Decne.) Regel from Nepal. J 
Sci Food Agric 2013; 93: 1026–34. doi: 10.1002/jsfa.5839

 111. Khan I, AbdElsalam NM, Fouad H et al. Application of Ethnobotanical 
Indices on the Use of Traditional Medicines against Common Diseases. 
Evid Based Complement Alternat Med 2014; 2014: 635371. doi: 
10.1155/2014/635371

 112. Ishtiaq M, Mahmood A, Maqbool M. Indigenous knowledge of medi-
cinal plants from Sudhanoti district (AJK), Pakistan. J Ethnopharmacol 
2015; 168: 201–7. doi: 10.1016/j.jep.2015.01.054

 113. Li S, Long C, Liu F et al. Herbs for medicinal baths among the trad-
itional Yao communities of China. J Ethnopharmacol 2006; 108: 59–67. 
doi: 10.1016/j.jep.2006.04.014

 114. Aziz  MA, Adnan  M, Khan  AH et  al. Ethno-medicinal survey of im-
portant plants practiced by indigenous community at Ladha subdiv-
ision, South Waziristan agency, Pakistan. J Ethnobiol Ethnomed 2016; 
12: 53. doi: 10.1186/s13002-016-0126-7

 115. Shil  S, Dutta  Choudhury  M, Das  S. Indigenous knowledge of me-
dicinal plants used by the Reang tribe of Tripura state of India. J 
Ethnopharmacol 2014; 152: 135–41. doi: 10.1016/j.jep.2013.12.037

 116. Shrestha PM, Dhillion SS. Medicinal plant diversity and use in the high-
lands of Dolakha district, Nepal. J Ethnopharmacol 2003; 86: 81–96. 
doi: 10.1016/s0378-8741(03)00051-5

 117. Panda SK, Das R, Leyssen P et al. Assessing medicinal plants tradition-
ally used in the Chirang Reserve Forest, Northeast India for antimicro-
bial activity. J Ethnopharmacol 2018; 225: 220–33. doi: 10.1016/j.
jep.2018.07.011

 118. Hazarika TK, Lalramchuana, Nautiyal BP. Studies on wild edible fruits 
of Mizoram, India used as ethno-medicine. Genet Resour Crop Evol 
2012; 59: 1767–76.

 119. Adnan M, Tariq A, Bibi R et al. Traditional medicines and their in-vitro 
proof against Staphylococcus aureus in Pakistan. Asian Pac J Trop 
Biomed 2018; 11: 355–68.

 120. Bano A, Ahmad M, Zafar M et al. Ethnomedicinal knowledge of the 
most commonly used plants from Deosai Plateau, Western Himalayas, 
Gilgit Baltistan, Pakistan. J Ethnopharmacol 2014; 155: 1046–52. doi: 
10.1016/j.jep.2014.05.045

 121. Chang  N, Luo  Z, Li  D et  al. Indigenous Uses and Pharmacological 
Activity of Traditional Medicinal Plants in Mount Taibai, China. 
Evid Based Complement Alternat Med 2017; 2017: 8329817. doi: 
10.1155/2017/8329817

 122. Shrestha  N, Prasai  D, Shrestha  KK et  al. Ethnomedicinal practices in 
the highlands of central Nepal: a case study of Syaphru and Langtang 
village in Rasuwa district. J Ethnopharmacol 2014; 155: 1204–13. doi: 
10.1016/j.jep.2014.07.002

 123. Ahuja  J, Suresh  J, Paramakrishnan  N et  al. An ethnomedical, phyto-
chemical and pharmacological profile of Artemisia parviflora roxb. J 
Essent Oil-Bear Plants 2011; 14: 647–57.

 124. Adhikari BS, Babu MM, Saklani PL et al. Distribution, use pattern and 
prospects for conservation of medicinal shrubs in Uttaranchal State, 
India. J Mt Sci 2007; 4: 155–80.

 125. Ijaz  F, Iqbal  Z, Rahman  IU et  al. Investigation of traditional medi-
cinal floral knowledge of Sarban Hills, Abbottabad, KP, Pakistan. J 
Ethnopharmacol 2016; 179: 208–33. doi: 10.1016/j.jep.2015.12.050

 126. Panda AK, Misra S. Health traditions of Sikkim Himalaya. J Ayurveda 
Integr Med 2010; 1: 183–9. doi: 10.4103/0975-9476.72617

 127. Joshi  B, Panda  SK, Jouneghani  RS et  al. Antibacterial, Antifungal, 
Antiviral, and Anthelmintic Activities of Medicinal Plants of Nepal 

Selected Based on Ethnobotanical Evidence. Evid Based Complement 
Alternat Med 2020; 2020: 1043471. doi: 10.1155/2020/1043471

 128. Subedi  A, Kunwar  B, Choi  Y et  al. Collection and trade of wild-
harvested orchids in Nepal. J Ethnobiol Ethnomed 2013; 9: 64. doi: 
10.1186/1746-4269-9-64

 129. Muley BP, Khadabadi SS, Banarase NB. Phytochemical constituents and 
pharmacological activities of Calendula officinalis Linn (Asteraceae): a 
review. Trop J Pharm Res 2009; 8: 455–65.

 130. Yeshi  K, Kashyap  S, Yangdon  P et  al. Taxonomical identification of 
Himalayan edible medicinal plants in Bhutan and the phenolic con-
tents and antioxidant activity of selected plants. J. Biol. Active Prod Nat 
2017; 7: 89–106.

 131. Arya D, Khan AH. Ethnomedicinal plants and their contribution to cure 
various ailments as household remedies in Garhwal Himalaya, India. Int 
J Pharm Sci Res 2015; 6: 1590–5.

 132. Khan SM, Page S, Ahmad H et al. Medicinal flora and ethnoecological 
knowledge in the Naran Valley, Western Himalaya, Pakistan. J Ethnobiol 
Ethnomed 2013; 9: 4. doi: 10.1186/1746-4269-9-4

 133. Tangjang  S, Namsa  ND, Aran  C et  al. An ethnobotanical survey 
of medicinal plants in the Eastern Himalayan zone of Arunachal 
Pradesh, India. J Ethnopharmacol 2011; 134: 18–25. doi: 10.1016/j.
jep.2010.11.053

 134. Li  S, Zhang Y, Guo Y et  al. Monpa, memory, and change: an ethno-
botanical study of plant use in Mêdog County, South-east Tibet, China. 
J Ethnobiol Ethnomed 2020; 16: 5. doi: 10.1186/s13002-020-0355-7

 135. Harsha  VH, Hebbar  SS, Shripathi  V et  al. Ethnomedicobotany of 
Uttara Kannada District in Karnataka, India–plants in treatment 
of skin diseases. J Ethnopharmacol 2003; 84: 37–40. doi: 10.1016/
s0378-8741(02)00261-1

 136. O’Neill  AR, Rana  SK. An ethnobotanical analysis of parasitic plants 
(Parijibi) in the Nepal Himalaya. J Ethnobiol Ethnomed 2016; 12: 14. 
doi: 10.1186/s13002-016-0086-y

 137. Lv M, Xu P, Tian Y et al. Medicinal uses, phytochemistry and pharma-
cology of the genus Dictamnus (Rutaceae). J Ethnopharmacol 2015; 
171: 247–63. doi: 10.1016/j.jep.2015.05.053

 138. Guan XR, Zhu L, Xiao ZG et al. Bioactivity, toxicity and detoxifica-
tion assessment of Dioscorea bulbifera L.: a comprehensive review. 
Phytochem Rev 2017; 16: 573–601.

 139. Jeevan  Ram  A, Bhakshu  LM, Venkata  Raju  RR. In vitro antimicro-
bial activity of certain medicinal plants from eastern Ghats, India, used 
for skin diseases. J Ethnopharmacol 2004; 90: 353–7. doi: 10.1016/j.
jep.2003.10.013

 140. Li RW, Myers SP, Leach DN et al. A cross-cultural study: anti-inflamma-
tory activity of Australian and Chinese plants. J Ethnopharmacol 2003; 
85: 25–32. doi: 10.1016/s0378-8741(02)00336-7

 141. Chassagne  F, Huang  X, Lyles  JT et  al. Validation of a 16th Century 
Traditional Chinese Medicine Use of Ginkgo biloba as a Topical 
Antimicrobial. Front Microbiol 2019; 10: 775. doi: 10.3389/
fmicb.2019.00775

 142. Panda T, Mishra N, Tripathy BK et al. Ethno-medico-biology of Bhadrak 
district, Odisha, India. J For Res (Harbin) 2013; 24: 187–92.

 143. Wang YD, He Y, Dai Z et  al. A comparative study on bioactive con-
stituents in different parts of Lonicera japonica determined by 
HPLC-ESI-MS(n). J Asian Nat Prod Res 2016; 18: 988–1003. doi: 
10.1080/10286020.2016.1205039

 144. Hazarika TK, Pongener M. Potential wild edible fruits of Nagaland, North-
east India and its significance in the livelihood and nutritional security of 
rural, indigenous people. Genet Resour Crop Evol 2018; 65: 199–215.

 145. Ahmad M, Malik K, Tariq A et al. Botany, ethnomedicines, phytochem-
istry and pharmacology of Himalayan paeony (Paeonia emodi Royle.). J 
Ethnopharmacol 2018; 220: 197–219. doi: 10.1016/j.jep.2018.04.004

 146. Zhao Bs, Zhu Yd, Ma Y et al. Advances in studies on Paridis Rhizoma. 
Chin J Exp Trad Med Formulae 2011; 17: 267–70 [in Chinese].

 147. Sinha D. A review on ethnobotanical, phytochemical and pharmacological 
profile of Pinus wallichiana A.B. Jacks. Pharmacogn J 2019; 11: 624–31.

 148. Rajan JP, Singh KB, Kumar S et al. Trace elements content in the selected 
medicinal plants traditionally used for curing skin diseases by the natives 

D
ow

nloaded from
 https://academ

ic.oup.com
/jpp/article/73/7/956/6246674 by U

C
L, London user on 26 M

ay 2022

https://doi.org/10.1016/j.jep.2015.03.042
https://doi.org/10.1016/j.jep.2015.02.053
https://doi.org/10.1002/jsfa.5839
https://doi.org/10.1155/2014/635371
https://doi.org/10.1016/j.jep.2015.01.054
https://doi.org/10.1016/j.jep.2006.04.014
https://doi.org/10.1186/s13002-016-0126-7
https://doi.org/10.1016/j.jep.2013.12.037
https://doi.org/10.1016/s0378-8741(03)00051-5
https://doi.org/10.1016/j.jep.2018.07.011
https://doi.org/10.1016/j.jep.2018.07.011
https://doi.org/10.1016/j.jep.2014.05.045
https://doi.org/10.1155/2017/8329817
https://doi.org/10.1016/j.jep.2014.07.002
https://doi.org/10.1016/j.jep.2015.12.050
https://doi.org/10.4103/0975-9476.72617
https://doi.org/10.1155/2020/1043471
https://doi.org/10.1186/1746-4269-9-64
https://doi.org/10.1186/1746-4269-9-4
https://doi.org/10.1016/j.jep.2010.11.053
https://doi.org/10.1016/j.jep.2010.11.053
https://doi.org/10.1186/s13002-020-0355-7
https://doi.org/10.1016/s0378-8741(02)00261-1
https://doi.org/10.1016/s0378-8741(02)00261-1
https://doi.org/10.1186/s13002-016-0086-y
https://doi.org/10.1016/j.jep.2015.05.053
https://doi.org/10.1016/j.jep.2003.10.013
https://doi.org/10.1016/j.jep.2003.10.013
https://doi.org/10.1016/s0378-8741(02)00336-7
https://doi.org/10.3389/fmicb.2019.00775
https://doi.org/10.3389/fmicb.2019.00775
https://doi.org/10.1080/10286020.2016.1205039
https://doi.org/10.1016/j.jep.2018.04.004


Journal of Pharmacy and Pharmacology, 2021, Vol. 73, No. 7 967

of Mizoram, India. Asian Pac J Trop Med 2014; 7S1: S410–4. doi: 
10.1016/S1995-7645(14)60267-4

 149. Wang S. [Medicinal plants in Tibet Plateau and medicinal plants used in 
Tibetan Medicine.] Chinese Pharm J 1960; 5: 268–71 [in Chinese].

 150. Pundir S, Mahindroo N. Roylea cinerea (D.Don) Baillon: Ethnomedicinal 
uses, phytochemistry and pharmacology: A  review. J Ethnopharmacol 
2019; 232: 193–200. doi: 10.1016/j.jep.2018.12.042

 151. Au DT, Wu J, Jiang Z et al. Ethnobotanical study of medicinal plants 
used by Hakka in Guangdong, China. J Ethnopharmacol 2008; 117: 
41–50. doi: 10.1016/j.jep.2008.01.016

 152. Poudel RC, Gao LM, Möller M et  al. Yews (Taxus) along the Hindu 
Kush-Himalayan region: exploring the ethnopharmacological rele-
vance among communities of Mongol and Caucasian origins. J 
Ethnopharmacol 2013; 147: 190–203. doi: 10.1016/j.jep.2013.02.031 

D
ow

nloaded from
 https://academ

ic.oup.com
/jpp/article/73/7/956/6246674 by U

C
L, London user on 26 M

ay 2022

https://doi.org/10.1016/S1995-7645(14)60267-4
https://doi.org/10.1016/j.jep.2018.12.042
https://doi.org/10.1016/j.jep.2008.01.016
https://doi.org/10.1016/j.jep.2013.02.031

