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Abstract

Bangladesh’s forest-dependent people rely on medicinal plants for traditional healthcare practices, as plant-based medicines are
easily available and cost-effective. This study evaluated and documented ethnomedicinal practices for, and traditional knowledge
of, utilising plants to cure ailments. Ethnobotanical indices quantified the use value (UV), frequency of citation, relative frequency
of citation (RFC) and the informant consensus factor. Using a semi-structured questionnaire, the study interviewed 231 respondents
from 18 villages in and around Chunati Wildlife Sanctuary (CWS). The study documented 134 medicinal plant species from 60
families; tree species were dominant (37.31%). Malvaceae (seven species), Rutaceae and Lamiaceae (six species each) families
covered more species. Nearly half of the species (46.02%) were collected from CWS. Both above-ground and below-ground plant
parts treated 71 types of ailments under 21 categories, with leaves (66 species) being the most widely used plant part. In total 33
species were used to treat dysentery, 25 species each for fever and jaundice, and 24 species for cuts and wounds. The average UV
value was 0.24 and RFC value was 0.47%. Communities were found to utilise medicinal plants more at home than to sell at mar-
kets, substantially relying on medicinal plants to meet their domestic needs. Plants used for healthcare and cultural and religious
beliefs have a strong connection that plays a vital role in plant conservation. This study identified 42 medicinal plant species that
could be considered to treat COVID-19 patients in Bangladesh. The findings suggest that community awareness of sustainable
harvesting and commercial cultivation could lead to conservation and use of these invaluable plant species for healthcare, new
drugs discovery and sustainable forest management.

Keywords Medicinal plants - Traditional knowledge - Ailments - Medicine preparation - Cultural and traditional beliefs -
COVID-19

Introduction

Billions of people worldwide depend partly or entirely on
more than 70,000 medicinal plants (Alamgir 2017), with
this as a provisioning ecosystem service as mentioned in
the United Nations (UN) Millennium Ecosystem Assess-
ment (WHO 2005). Medicinal plants used in popular and
traditional medicine and developing pharmaceuticals also
provide cultural and economic value to local people (Kaky
and Gilbert 2016; Jamshidi-Kia et al. 2018). Growing sci-
entific and commercial interest is evident for medicinal
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plants as raw materials for herbal pharmaceutical compa-
nies growing in importance and increasing greatly due to
global demand (Bieski et al. 2015). According to the World
Health Organization (WHO), 70-95% people in develop-
ing countries still largely rely on medicinal plants for their
primary healthcare purposes. The worldwide market value
for medicinal plant products (made from plant extracts con-
taining phytochemicals) was approximately US$60 billion
in 2017 and is expected to reach more than US$129 billion
by 2023 (Market Research Future 2018). Yet only 15% of
medicinal plants globally have been evaluated to determine
their phytochemical and phytopharmacological potential (De
Luca et al. 2012).

Southeast Asia and South Asia are hotspots for medici-
nal plants used for traditional healthcare practices. Bang-
ladesh, a South Asian country in which about 75% of the
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country’s total population lives in rural areas, has almost
80% of its population reliant on plant-based ethnomedi-
cine for their primary healthcare purposes, such as treating
fever, coughs and colds, diarrhoea and dysentery (Ahmed
2009; FAO 2010). Bangladesh is thought to be home to
about 6500 plants, of which more than 500 species have
medicinal value, with 250 regularly used in preparing
medicines for healthcare purposes (Ahmed et al. 2009). In
the country’s rural areas, knowledge of medicinal plant use
has historically originated from forest-dependent commu-
nities across the country, particularly in the central (Islam
et al. 2014); northeastern (Khan et al. 2011); southwestern
(Mollik et al. 2009); and southeastern regions (Faruque
et al. 2018). The traditional knowledge of these com-
munities also significantly contributes to the origin and
evolution of many effective herbal medicines, including
those for treatments of cancer and cardiovascular diseases
(Chowdhury and Koike 2010). According to Bangladesh’s
Directorate General of Drug Administration (available at
www.dgda.gov.bd/), the number of plant-based medicine
manufacturers is 528 (Unani 272, Ayurvedic 201 and
herbal 55), with their registered medicines totalling 11,290
(Unani 6630, Ayurvedic 4110 and herbal 550). No restric-
tions apply to the sale of medicinal plant products in Bang-
ladesh, with the quality of these medicines lagging due to
various bottlenecks and stakeholders’ lack of goodwill.
Bangladesh’s traditional ethnomedicine sector has long
been established in an important position in rural and
forest-dependent communities' socio-cultural, spiritual,
economic, and healthcare arenas (Chowdhury and Koike
2010). Plant-based herbal medicines are easily available
and cost-effective for these communities (Faruque et al.
2018). Over the last two decades, medicinal plants and
ethnomedicinal studies have been carried out in different
parts of Bangladesh, receiving significant attention from
the government and pharmaceuticals sector. At the same
time, medicinal plants are rarely commercially farmed in
Bangladesh and are mostly used when gathered from the
wild. However, the growing demand for herbal products
has led to a quantum leap in the volume of plant mate-
rials traded within and across the country (Shahidullah
and Haque 2010). In Bangladesh, the rural people con-
serve their traditional ethnomedicinal knowledge through
their experience and practice from generation to genera-
tion, handed down orally with no documentation (Bregum
2010; Rahman 2013). Motaleb and Khan (2012) reported
that the age-old practice of traditional ethnomedicine is
highly threatened by deforestation, land-use change and
unsustainable harvesting. In contrast, the growing demand
for medicinal products incentivises further over-exploita-
tion. Other studies (e.g., Khan et al. 2011; Rahman et al.
2011a; Rahman 2013) indicated that this invaluable tra-
ditional knowledge is now under threat of extinction due
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to its limited inter-generational transfer and inadequate
documentation.

Additionally, the coronavirus disease (COVID-19) pan-
demic, caused by the severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) has spread to 226 countries
and territories worldwide since December 2019 and is
now the topmost global public health concern. As of 14
April 2022, there have been 500,186,525 confirmed cases
of COVID-19, including 6,190,349 deaths (WHO 2022).
Several studies (e.g., Adeleye et al. 2021; Ang et al. 2020a,
b; Benarba and Pandiella 2020; Deng et al. 2020; El Alami
et al. 2020; Jahan and Onay 2020; Khadka et al. 2021;
Lee et al. 2020; Luo et al. 2020a, b; Runfeng et al. 2020;
Shawky et al. 2020; Silveira et al. 2020; Vardanjani et al.
2020; Weng 2020; Zhou et al. 2020; Zhuang et al. 2020)
have suggested that ethnomedicine from traditional Chi-
nese, Indian and Persian medicine could be considered as
rich sources of ingredients to be used in drug discovery to
combat COVID-19. These studies confirmed that China,
South Korea and India have widely used medicinal plants
for COVID-19 treatment, with several clinical practice
results showing significant roles. Moreover, studies con-
ducted in Bangladesh (e.g., Ahmed et al. 2020; Azam et al.
2020; Bhuiyan et al. 2020; Bachar et al. 2021; Dutta et al.
2021; Islam et al. 2021; Shahriar et al. 2022) have reported
more than 30—149 plant species that have been found use-
ful for COVID-19 treatment as home remedies by Bangla-
deshi COVID-19 patients. These shreds of evidence sup-
port the effective use of these plants and their products in
preventing and managing COVID-19 symptoms.

Scientific studies on Bangladesh have claimed that
one of the best ways to conserve medicinal plants and
the related traditional knowledge is through documenta-
tion and stimulating traditional practices involving local
people. However, documentation has not previously been
undertaken of traditional healthcare knowledge in study
area of present study, Chunati Wildlife Sanctuary (CWS),
located in southeastern Bangladesh. Despite its many
unique features, the flora diversity of CWS and, more spe-
cifically, of plants used by local people to treat various ail-
ments remains unexplored. Regarding the natural growth
of medicinal plants in the CWS wilderness, the ethno-
botanical knowledge of forest-dependent communities in
and around CWS must be documented and conserved. The
objectives of this study were:

(i) to evaluate and document the plant-based ethnome-
dicinal practices and traditional knowledge of the
utilisation of plants for curing ailments, using this
to construct a database of medicinal plants and their
traditional uses in and around CWS.

(i) to perform quantitative analysis of the documented
data using quantitative ethnobotanical indices.
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(iii) to evaluate the role of cultural and traditional beliefs
regarding medicinal plant conservation across these
poorly studied communities.

(iv) to record the available medicinal plant species in
CWS potential for use in COVID-19 treatment as
home remedies by Bangladeshi COVID-19 patients.

This pioneering attempt to conduct a quantitative eth-
nomedicinal study in and around CWS aims to provide a
useful guideline for further phytochemical and phytophar-
macological investigations to discover new drugs. We hope
that the documentation in the present study of the tradi-
tional knowledge and practices associated with these plant
resources will form part of an important strategy linked
to the ex situ and in situ conservation of medicinal plants,
sustainable management of CWS, and improvement in the
quality of life of poor forest-dependent communities. Fur-
thermore, this study’s findings are intended to be helpful
for Bangladesh’s Forest Department and non-governmental
organisations (NGOs) when working in and around CWS on
community-based medicinal plant cultivation, management
and commercialisation.

Materials and methods
Description of Chunati Wildlife Sanctuary

The CWS is located at 21° 40" N and 92° 07" E in the Chat-
togram Division of southeastern Bangladesh (Fig. 1). With
an area of 7764 hectares (ha), CWS was established in 1986
to reduce the rate of deforestation and forest degradation and
to conserve the habitat of the Asian elephant (Elephas maxi-
mus). It comprises two Forest Ranges and seven Forest Beats
(the lowest forest administration unit) (Mollah et al. 2004).
The physiography of CWS is generally hilly (average eleva-
tion is 30-90 m above sea level [m asl]). Inside the sanctu-
ary, many places are traversed by numerous creeks with beds
of gravel or stone. These creeks provide a good drainage
facility, supplying water within the sanctuary for wildlife,
people and irrigation in agricultural fields (GIZ 2011).

The CWS enjoys a tropical moist climate (temperature
ranges from 14 to 32 °C) characterised by frequent rainfall
(annual precipitation is 3000 mm) from April to September.
The original semi-evergreen forests have been degraded due
to heavy anthropogenic interferences, including cultivating
betel leaf (Piper betle, Piperaceae family) inside the sanctu-
ary. A little natural forest area exists in CWS, with only a
few scattered patches of Dipterocarpus spp. For manage-
ment purposes, CWS is divided into five designated habitat
types, namely, scattered grasslands and bamboo patches;
cultivated lands; patches of secondary forests, wetlands and

water bodies; and short and long rotation plantations (BFD
2015).

The CWS is the remaining vital habitat in Bangladesh
of the globally threatened E. maximus. Therefore, CWS has
experienced more research activity and positive attention
from donors since its establishment than any protected for-
ests in Bangladesh. Habitat fragmentation and degradation
caused by anthropogenic forest use activities have increased
conflict between humans and E. maximus. The major dam-
aged areas are paddy fields, homestead forests, vegetable
gardens and settlements (Sarker and Rgskaft 2010; Kabir
2013).

This sanctuary harbours diverse flora resources, namely,
691 plant species comprising 240 tree species (96 of which
are exotic tree species), 102 shrub species, 211 herb species,
106 climber species, 19 epiphyte species, 7 parasite species
and 6 fern species (Hossain and Hossain 2014). The average
tree density per ha is only 239 trees, and seedling density per
ha is 77,000, with more than 60% of the trees being exotic
tree species that have been planted (GIZ 2011). The status of
the CWS’s carbon stock is low, at only 136.48 CO, Mg ha!,
indicating the degraded condition of this sanctuary (Fakir
et al. 2015).

Local community members’ livelihoods
in and around the sanctuary

About 57,000 people from 10,200 households live in and
around CWS in 69 registered forest villages (locally called
para) (BFD 2015). Over 50% of the population is dependent
on forest resources for their livelihoods (GIZ 2011), with
nearly 65% living on the poverty line. About 48% of the vil-
lages are located inside and at the edge of CWS, while the
remaining villages are located outside but adjacent to and
near the sanctuary. The only indigenous community living
in CWS is called Mog (Hoque 2009).

Nearly 50% of the population is engaged in agriculture,
10% in fishing, 20% are day labourers, and the remaining
20% are involved in other occupations (BFD 2015). The
women are housewives and involved in poultry, duck and
cattle rearing to generate extra household income (Tamima
2016). The collection of forest resources, such as timber
and non-timber forest products (NTFPs), by both men and
women is considered a secondary occupation in and around
CWS, which plays a vital role in income generation (BFD
2015). About 80% of households depend on NTFPs (e.g.,
fuelwood, bamboo, medicinal plants, Imperata cylindrica
and wild fruits). Unfortunately, over-exploitation of these
NTFPs has resulted in the degradation of CWS resources.

People have encroached on and used forestland to
expand settlements, agricultural farming, vegetable gar-
dening, fish cultivation, betel leaf cultivation and cattle
grazing. Landless poor people usually lease land (from
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Fig. 1 Location map of Chunati Wildlife Sanctuary in southeastern Bangladesh (source:
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local elites who lease the forestland from local forest
offices) for agricultural farming for their consumption and
to sell farm produce at the market for subsistence income
(GIZ 2011). Agricultural labourers find work for 6 months
in a year but have no income-earning work for the remain-
ing 6 months. They are engaged in illegal harvesting of
timber and NTFPs and selling these products at the nearest
market to generate income during the unemployed period
(BFD 2015). Consequently, conflict arises between local
people and the Forest Department. The former use the
forestland for their livelihood, and the latter seek to restrict
the forestland’s use for biodiversity conservation (Rahman
et al. 2017a).

The CWS is one of the pilot sites in Bangladesh for co-
management project implementation with financial and
technical assistance from the United States Agency for
International Development (USAID), in partnership with
the Forest Department (Rahman 2013). Between 2004
and 2018, three co-management projects have been imple-
mented in this sanctuary, aiming to restore, protect and con-
serve the remaining forest biodiversity, undertake sustain-
able use of forest resources and reduce forest dependency
among forest-dependent communities through alternative
income-generating (AIG) activities (Rahman et al. 2017a,
b). Furthermore, the Deutsche Gesellschaft fiir Internation-
ale Zusammenarbeit (GIZ)-funded Management of Natural
Resources and Community Forestry (MNRCF)-Chunati
project (2009-2015) implemented pilot reforestation and
sustainable forest management measures in CWS based on
cooperation between local co-management organisations and
the Forest Department. This project further strengthened
co-management structures through different non-forestry
income-generating, cultural and awareness-raising activi-
ties (GIZ 2015; Rahman et al. 2017a, b).

The co-management projects increased households’ aver-
age monthly non-forestry income by US$140 and decreased
their average monthly forest income by US$25 (Rahman
et al. 2017a). At the end of these co-management projects,
Islam et al. (2019) assessed that people were still entering
the CWS to collect forest products with a total estimated
market value of about US$1856 a day. The local people were
still practising betel leaf farming inside the sanctuary.

Villagers have no legal rights to collect forest resources
and use forestland for settlements, farming and fishing. The
co-management and participatory social forestry schemes
evolved to give forest-dependent people ownership and a
stake in managing forest resources, incentivise them to pro-
tect forest resources, and involve them in non-forest-related
livelihood options. However, forest use rights for the sus-
tainable harvest of both timber and NTFPs are granted to
local communities involved in protection activities through
Participatory Benefit Sharing Agreements (PBSAs) in the
buffer zone (an area of 4615 ha) (BFD 2015).

Study methods
Conceptual framework of the study

Forest-dependent communities have used plants, plant
parts and plant-derived products for healthcare purposes
in Bangladesh since time immemorial. Unfortunately,
detailed plant information and complete inventories on
these plants often do not exist. Moreover, studies that
combine the investigation of the traditional use of medici-
nal plants and their quantitative values are also minimal.
Moreover, the 2050 vision of the Convention on Biological
Diversity (CBD 2010) and the 2020 Aichi Biodiversity’s
Target 14 call for increased efforts to conserve, restore,
and safeguard those areas that ‘contribute to health, liveli-
hoods, and well-being’ and ‘deliver benefits essential for
all people’ (CBD 2010). To meet these goals, a necessary
first step is to document and accurately quantify the eco-
system services for conservation and sustainable manage-
ment (Mitchell et al. 2021). Consequently, this study aims
to identify and record the CWS-dependent communities’
traditional ethnomedicinal knowledge that contributes
to their health, livelihoods and well-being. Every one of
these communities has unique styles for preparing medi-
cine from plants.

Therefore, in this study, we evaluate the traditional
mode of medicine preparation and utilisation of these
plants for curing ailments. Due to the importance of the
plant conservation, we identified the sources of medicinal
plants and evaluated the cultural and traditional beliefs
regarding the conservation of medicinal plants. Finally,
we analyse the medicinal plant use data by employing
different quantitative ethnobotanical indices. From the
existing literature (e.g., Vandebroek et al. 2020), we learn
that medicinal plants have been used globally to treat the
novel coronavirus disease (COVID-19). In this paper,
we record medicinal plants from the literature similar to
those already listed in this study. Pharmaceutical compa-
nies could find these plants useful for phytochemical and
phytopharmacological evaluation for effective drug prepa-
ration for COVID-19 treatments. Considering the present
situation and future needs, the present study results could
be useful for medicinal plants’ conservation and sustain-
able management, particularly in CWS and other protected
forests in Bangladesh.

Reconnaissance survey
Prior to data collection, a reconnaissance survey was car-

ried out in June 2013 in the study area to gain some basic
ideas about the CWS’s medicinal plants through personal
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discussion with staff from the Forest Department, the
MNRCEF-Chunati project and the Climate-Resilient Eco-
systems and Livelihoods (CREL) project, as well as with
local herbal practitioners (called Kabiraj). A complete list
of villages in and around CWS was collected from the
MNRCF-Chunati project. A draft household questionnaire
was pre-tested with five forest-dependent people during
that time. With their input, some questions were added,
with some deleted, to finalise the questionnaire for the
field survey. A Kabiraj was also hired and contracted for
work on the final field survey.

Data collection procedures

The primary data for the study were collected through a
household questionnaire survey (HQS), key informant inter-
views (KIIs) and focus group discussions (FGDs). Informal
discussions were also conducted in tea stalls where local
people gathered for refreshment, conversation and social
interaction from morning to night. Secondary data were
collected from published books, journal articles, and pam-
phlets of the Forest Department and the MNRCF-Chunati
and CREL projects. Two Forestry Master’s graduates were
employed in this research to help the researchers during data
collection from July to October 2013.

Household questionnaire survey

A household-level ethnobotanical survey was conducted
using a semi-structured questionnaire. The study applied
a purposive sampling technique (e.g., village — house-
hold — respondent) to select households for survey inter-
views. The survey was deliberately targeted toward experi-
enced people, mostly of older age, who attempted to identify
the medicinal plants used by local people, documenting their
traditional knowledge and perceptions of medicinal plant
use and tracing the patterns (if any) in the harvesting and
management of particular medicinal plant species.

HQS were conducted in all seven Forest Beats inside the
CWS. From the 69 villages, 18 (26%) villages were selected
randomly for data collection from respondents. From these
18 villages, 231 respondents (both male and female) from
231 households (covering 26% of households) were ran-
domly selected and interviewed for the study (see details in
Online Resource 1).

A semi-structured questionnaire was designed to collect
information from respondents about what medicinal plant
species and which plant parts they used, what ailments were
treated, what usage patterns were followed, the collection
sources for plants, the reasons for conservation of specific
plants, etc. Interviews were conducted in each respondent’s
home using the native language (Bangla), sometimes with
more than one respondent participating simultaneously, with
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everyone’s opinion recorded for the study. The researchers
and the research assistants both conducted the HQS. When
needed, local dialects were interpreted by the Kabiraj.

Key informant interviews

In total, 18 KIIs (one KII from each village) were conducted
using a checklist (Online Resource 1). These interviews
helped to obtain more candid or in-depth answers about the
CWS’s medicinal plants. The selected key informants were
the local Kabiraj, herbal businessmen, nursery owners and
members of the Co-Management Committee (CMC) and
Village Common Forest (VCF). All KIIs were conducted
by the researchers.

Focus group discussion (FGD)

In total, 18 FGDs (one FGD from each village) were con-
ducted using a guideline (Online Resource 1). Some FGDs
were conducted in the local markets, inside houses and some
at the front of house-yards. For FGDs conducted at tea stalls
in the market, male participants were usually dominant. In
the inside house and house-yard FGDs, female participants
were dominant but male participants also responded. In
some cases, respondents interviewed for HQSs were also
FGD participants. On average, each FGD involved participa-
tion by 10 participants. The FGDs only involved those who
were knowledgeable about medicinal plant resources and the
uses of medicinal plants for healthcare purposes. The FGDs
were facilitated by the research assistants and moderated by
the researchers. Questions in the FGDs were particularly
focused on sustainable harvesting and conservation of the
CWS’s medicinal plants. During the FGDs, data from the
HQSs and KlIs were verified, cross-checked and validated.

Data analysis

During the field survey, the name of each medicinal plant
was first recorded by its local name. Subsequently, local
names were cross-referenced with the established Bangla
names from the Encyclopaedia of Flora and Fauna of Bang-
ladesh published by the Asiatic Society of Bangladesh. The
species’ scientific name was recorded from the same source
(see Siddique et al. 2007, 2008; Ahmed et al. 2008a, b, c,
2009, 2010). Finally, each species’ scientific name and fam-
ily name were verified with “The Plant List” website (avail-
able at: www.theplantlist.org).

Quantitative status
Descriptive statistics were used to quantitatively describe or

summarise the features of the data, using suitable tables and
figures whenever possible. The use value (UV) score of plant
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species and values for the frequency of citation (FC), relative
frequency of citation (RFC) and informant consensus factor
(ICF) indices were also calculated using the specific equations
provided below:

Use value

The UV score was calculated for individual plant species using
the following equation, as explained by Phillips et al. (1994),
to provide a quantitative and objective measure of its relative
importance to informants:

Ui
UV =—
N M

where UV refers to the use value of a species; U, refers to
the number of uses reported by each informant for that plant
species; and N refers to the total number of informants in the
survey. A high UV score for a plant species indicated that it
received many use reports (i.e., it was most frequently indi-
cated), while a low score indicated that informants cited fewer
use reports (Islam et al. 2014; Umair et al. 2017; Faruque et al.
2018).

Informant consensus factor

Before calculating the ICF value, ailments were broadly cate-
gorised into different ailment categories (Heinrich et al. 1998).
The ICF values ranged from 0.00 to 1.00. The maximum ICF
value, that is, a value close to 1, indicated that a well-known
species was used by a large proportion of informants due to its
authenticity in the treatment of ailments. However, a low ICF
index value close to O specified that informants used this spe-
cies randomly to treat reported ailments (Heinrich et al. 1998).
The ICF value was calculated using the following equation:

(Nur—Nt)

ICF =N @

where N, referred to the total number of use reports for a par-
ticular ailment category, and N, referred to the total number of
species used for that ailment category.

Frequency of citation and relative frequency
of citation indices

The FC index score was calculated using the following
equation:
Ns
FC=— 3
N7 3
where N, referred to the number of times a particular species
was mentioned and N, referred to the total number of times
all species were mentioned.

The RFC index score was determined by dividing the
FC index score by the total number of informants in the
survey (N). The RFC index scores ranged from 0 when no
one referred to a plant as useful to 1 when all informants
referred to a plant as useful. The RFC index score was
calculated using the following equation, as described by
Tardio and Pardo-De-Santayana (2008):

RFC = %C(o < RFC < 1) (4)

Results
Demographic profile of surveyed respondents

Of the surveyed 231 respondents, about 55.41% were
female. The highest number of respondents (45.89%) were
41-50 years old. Regarding educational qualifications,
62.77% of respondents completed primary education,
with about one-quarter (24.68%) illiterate or only able to
sign their name. As female respondents were the major-
ity in this survey, most surveyed respondents (53.68%)
cited ‘housewife’ as their occupation, followed by farm-
ers (29.87%). About 70.13% of respondents were highly
dependent on CWS to support their livelihoods. In all,
73.16% respondents reported that they collected medicinal
plants from CWS, with the highest collection frequency
being 1-2 times per month (62.13%) (Table 1).

Medicinal plant resources in CWS

From the household survey, the study documented 134
species of medicinal plants with curative values that were
traditionally used by forest-dependent communities in and
around CWS for their daily healthcare purposes (Table 2).
Of the documented species, 37.31% species were trees,
28.36% species were herbs, and 20.15% species were
shrubs (Fig. 2). Table 2 lists the botanical description of
each species recorded, the plant parts used, the ailments
treated, the usage pattern and the UV, FC and RFC values.

The 134 species recorded belong to 60 families. The
highest number of species belonged to the Malvaceae
family with seven species; followed by the Lamiaceae
and Rutaceae families (six species each); the Moraceae,
Solanaceae and Asteraceae families (five species each);
and the Apocynaceae, Convolvulaceae, Cucurbitaceae,
Euphorbiaceae, Fabaceae, Myrtaceae, Poaceae, Rubiaceae
and Zingiberaceae families (four species each) (Fig. 3 and
Online Resource 2).
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Table 1 Basic demographic

features of surveyed 231 Parameter Categories Number of respond-  Percentage of
AN ents respondents
respondents living in and
around Chunati Wildlife Sex Male 103 44.59
Sanctuary Female 128 55.41
Age class (year) 30-40 71 30.74
41-50 106 45.89
51-60 41 17.75
>60 13 5.63
Educational qualification Illiterate/can sign 567 24.68
Primary 145 62.77
Junior 22 9.52
Secondary 4 1.73
Higher Secondary 3 1.30
Occupation Housewife 124 53.68
Farmer 69 29.87
Day labour 15 6.49
Businessmen 10 4.33
Others 13 5.63
Forest dependency High 162 70.13
Medium 61 26.41
Low 8 3.46
Collection of medicinal plants Yes 169 73.16
from forest
No 62 26.84
Frequency of medicinal plants col- 1-2 times per month 105 62.13
lection from forest 2-3 times per month 41 24.26
3—4 times per month 23 13.61

Sources and mode of preparation and utilisation
of recorded medicinal plants

About half the medicinal plant species (46.02%) were col-
lected from CWS, as reported by respondents, followed by
34.07% plant species from their homestead forest (Fig. 4).
People harvested medicinal plants from CWS throughout the
year but mostly in the winter and summer seasons and less in
monsoon. Due to heavy rainfall and the chance of landslides,
it was extremely difficult to enter CWS in the monsoon sea-
son for medicinal plant harvesting. Both the above-ground
and below-ground plant parts were used to prepare medicine
from plants. In most cases, different plant parts from the
same plant were used to prepare medicine to treat different
ailments in respondents’ everyday healthcare. In other cases,
similar or different parts of more than one plant were mixed
to prepare medicine to treat a single ailment. Based on the
field survey, leaves from 66 medicinal plant species were
used to prepare medicine. These also comprised fruits from
33 species, roots from 18 species, bark from 13 species, and
seeds from 11 species (Fig. 5).

Generally, respondents made juice after processing,
with this involving pasting, squeezing and blending leaves,

@ Springer

rhizomes, bark and roots to use as medicine, while fresh
and ripened fruits (Mangifera indica, Spondias pinnata,
Ammona squamosa, Phoenix dactylifera, Averrhoa caram-
bola, Ananas comosus, Carica papaya, etc.) were eaten.
Sometimes plant parts (Bombax ceiba, Terminalia bel-
lirica, T. chebula, Plantago ovata, Phyllanthus emblica,
Hyptis suaveolens, Ocimum sanctum, Swertia chirata, etc.)
were soaked in water either for the person to drink on an
empty stomach in the morning or to soften the skin before
being eaten. Most plant parts were consumed orally or
were used by rubbing or burning; some were taken raw
after being soaked or boiled in water; while some were
eaten after being cooked as vegetables, particularly the
herbs (Alternanthera philoxeroides, Diplazium esculen-
tum, Polycarpon prostratum, etc.), shrubs (Colocasia
affinis, C. esculenta, Cajanus cajan, etc.) and climbers
(Ipomoea aquatic, 1. balatus, Momordica charantia,
Lagenaria siceraria, etc.). Medicines prepared from plant
parts were sometimes applied externally to wounded or
sore body parts to treat cuts and wounds, scabies, pain or
skin diseases. Fresh plant parts were used to prepare medi-
cine; dried parts were also used when fresh was not avail-
able. In some cases, dried fruits and seeds (7. belerica,
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Fig.2 Life form categorisation of recorded medicinal plant from
Chunati Wildlife Sanctuary
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Fig.3 Dominant families of recorded medicinal plant species
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Areca catechu, Phaseolus vulgaris, Capsicum annuum,
etc.) were used to prepare medicine (Table 2). However,
the dosage pattern varied with the age of the patient, sever-
ity of the ailment and mode of medicine preparation by
the practitioner.
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Fig.5 Distribution of plant parts used for preparing medicine from
recorded medicinal plant species
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Fig.6 Dominant uses of recorded medicinal plant species for treating
different ailments

Traditional uses of medicinal plant species
for curing ailments

Figure 6 shows the traditional uses of plant species for treat-
ing 71 types of ailments. In summary, respondents cited a
total of 454 times in which they treated 71 ailments. Trees
were dominant (44.71%) for treating ailments, followed by
herbs (27.97%), shrubs (15.20%), climbers (10.35%), grasses
(1.54%) and cacti (0.22%) (Online Resource 3). Among the
recorded species, 33 species were used to treat dysentery, 25
each for fever and jaundice, 24 for cuts and wounds, 21 for
stomach pain, 19 for coughs and colds, 17 for skin diseases,
16 for diarrhoea and 15 each for constipation and worms.
One species was used to treat each of the following 14 ail-
ments: as an alterative, increase in red blood cell count,
blood poisoning, colouring nails and palm, Datura poison-
ing, as a demulcent, dog bite, dysmenorrhoea, fat burning,
female sexual disorders, hair and beard colour, indigestion,
typhoid and ulcers. Furthermore, more than one species was
used to treat the remaining 57 ailments (Online Resource 3).
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Cultural and traditional beliefs regarding medicinal
plants’ conservation

Input from the FGDs on cultural and traditional beliefs
regarding medicinal plant conservation was evaluated. Par-
ticipants stated that some important medicinal plant species,
such as Aegle marmelos, A. indica, Cocos nucifera, Hibis-
cus rosa-sinensis, Hyptis suaveolens, Lawsonia inermis, M.
indica, M. sapientum, O. sanctum, P. betle, P. ovata, Punica
granatum, Tagetes erecta and Zizyphus mauritiana were
regarded as culturally significant and traditionally sacred
plants by the Hindu and Muslim religious communities in
the studied forest-dependent villages. Hindu communities
used parts of some of these plants, such as Anthocephalus
chinensis, A. marmelos, C. nucifera, Colacasia esculenta,
H. rosa-chinenesis, M. indica, M. sapientum, O. sanctum,
P. betle and P granatum during their worship; consequently,
they planted and conserved these specific species in their
homestead forest. Moreover, worship by members of the
Hindu community involved the whole O. sanctum plant
every morning and evening, with the earth around the base
of this species kept neat and clean, with regular mud paste
added by older women. The Muslim community used the
leaves of the Z. mauritiana species to shower the dead body
before its burial.

The FGD participants also advised that the orange colour
from the paste of the leaves of L. inermis was often used to
colour the palms of the hands of both the bride and groom
and of women and children on cultural, ceremonial and reli-
gious occasions in Muslim, Hindu and Christian religious
communities. People in Bangladesh, including in the study
area, used paste made from leaves to colour hair and fin-
gernails (for both men and women) and men’s beards. The
yellow paste made from the Curcuma longa thizome was
used to colour the whole body of both the bride and groom
in Muslim, Hindu and Christian communities. During the
entire wedding ceremony (from pre- to post-ceremony), a
plate (dala) was decorated nicely with colourful patterns
containing grains from Areca catechu, C. dactylon, P. betle,
C. longa and Oryza sativa as a sign of purity and piousness.
It was presented with a flaming light as everybody blessed
the bridal couple.

Findings from the FGDs also revealed that most people
planted some species with valuable medicinal properties,
such as Areca catechu, A. indica, Citrus grandis, C. limon,
C. nucifera, Elaeocarpus robustus, Lawsonia inermis, M.
indica and O. sanctum, in their homestead forests. A. indica,
in particular, was usually planted on the southern side of
homesteads, purifying the air from the south side with its
foliage. A. marmelos, Bambusa spp., C. nucifera, Ricinus
communis, Streblus asper and Tamarindus indica were
planted on the periphery of homestead forests, based on
the belief that evil spirits take shelter in tree foliage. Some
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species, such as Kalanchoe pinnata, Cobiaeum variega-
tum, H. rosa-chinenesis and Tagetes erecta, serving both
beautification and medicinal purposes, were grown and
maintained in front of dwelling houses. People also created
living fences by planting H. rosa-chinenesis surrounding
their homesteads. A. indica and C. papaya were planted in
homestead forests to prevent ailments from entering. Simi-
lar beliefs were also reported by people in other areas of
Bangladesh, as mentioned by Chowdhury et al. (2009) and
Rahman (2013).

Quantitative status of recorded medicinal
plants

Use value and relative frequency of citation

The average UV score in the present study was 0.24 and
ranging between 0.04 and 0.40. Based on UV scores,
the ethnomedicinal plant species most commonly used
was Cynodon dactylon (UV 0.40); followed by A. indica,
C. annuum and Psidium guajava (UV 0.39 each); Piper
betle, Artocarpus heterophyllus and T. arjuna (UV 0.38
each); and I. aquatic, Centella asiatica, Musa sapientum,
M. indica and Mikania cordata (UV 0.37 each) (Table 2).
The least used species were Ficus racemosa (UV 0.06),
F. religiosa (UV 0.05) and Cactus spp. (UV 0.04). Most
species with higher UV scores were used for diverse pur-
poses, including treating cuts and wounds; diarrhoea; dys-
entery; fever; coughs and colds; stomach pain; toothache;
vitamin deficiencies; to stop bleeding; diabetes; chicken
pox; worms; heart diseases; digestive problems; hyperten-
sion; constipation; asthma; skin diseases, etc. The three
species with the lowest UV scores were solely used to
treat tonsillitis and blood pressure.

On the other hand, the average RFC value in this study
was found 0.47%, with this score ranging from 0.08 to
0.79%. The highest RFC value was recorded for C. dactylon
(0.79%); followed by P. guajava and A. indica (0.77% each);
C. annuum (0.76%); P. betle (0.75%); A. heterophyllus and
T. arjuna (0.74% each); I. aquatic and C. asiatica (0.73%
each); and M. sapientum, M. indica and M. cordata (0.72%
each) (Table 2).

Informant consensus factor

The reported ailments were first classified into 21 different
ailment categories based on their use reports to calculate the
ICF, with the recorded plant species distributed according
to these categories. The average ICF value for all categories
was 0.99 (ranging from 0.99 to 1.00). The highest ICF val-
ues were found for female sexual disorders, heart diseases,
lactation, mental disorders, and urinary and rectal diseases
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Table 3 Ailments grouped by major ailment categories, ICF values and medicinal plants used to treat these major ailments

Ailment categories Common ailments and features

No. of species ICF* Most frequently cited plants

Dental care Teeth ache and decay, mouth blow, bad
breath, mouth sores

Dermatological problems

Cut and wounds, burn, scabies, chickenpox,

eczema, itching, allergic, astringent, prickly

heat
Earache, tonsillitis
Diabetes

Ear nose throat problems
Endocrinal disorders

Female sexual disorders
severe bleeding in vagina
Fever Fever, malarial fever, typhoid

Gastrointestinal disorders Gastric irritation and disorders, ulcer and

peptic ulcer, constipation, diarrhoea, dysen-

Dysmenorrhoeal, excessive vaginal discharge,

tery, digestive problem, dysentery, indiges-

tion, vomiting, piles, lethargy to food

General health High blood pressure, hypertension, blood
purification, headache, fat burning
Hair growth Hair colour, hair fall or loss, dandruff

Abnormal heartbeats, heart failure, heart
attack

Heart diseases

Helminthiasis Ringworm, tapeworm, roundworm

Inflammation and pain

Arthritis, alterative, stomach pain, gout pain,

rheumatism, demulcent, stop bleeding, bone

fracture
Lactation Enhance milk secretion

Liver disorders

of appetite
Mental disorders Depression, anxiety, nervous illness

Nutritional deficiencies

Jaundice, abdominal pain and swelling, loss

Anaemia, tonic, vitamin deficiencies, blood

increaser, physical weakness, taste increaser

Respiratory complaints

Sexual disorders Sexual weakness, sex stimulant
Toxicity complaints

bite, Dhatura
Urinary and rectal diseases

Vision problems Eye pain, hazy, blurred or double vision,

night blindness, glaucoma

Cough and cold, tuberculosis, asthma, bron-
chitis, pneumonia, influenza, nasal catarrh

Snake bite, blood poisoning, bee sting, dog

Urine colour and odour, burning with urina-
tion, blood in the urine, kidney disorders

12 (2.67) 0.99  Cynodon dactylon, Azadirachta indica

63 (14.03) 0.99  Cynodon dactylon, Psidium guajava

6 (1.34) 0.99  Zingiber officinale, Phaseolus vulgaris

7 (1.56) 0.99  Cynodon dactylon, Terminalia arjuna

2(0.45) 1.00  Streblus asper

33 (7.35) 0.99  Psidium guajava, Azadirachta indica

102 (22.72) 0.99  Psidium guajava, Piper betle, Terminalia
chebula

11 (2.45) 0.99  Terminalia arjuna, Centella asiatica

19 (4.23) 0.99  Allium cepa, Lawsonia inermis

5(1.11) 0.99  Terminalia arjuna, Areca catechu

15 (3.34) 0.99  Azadirachta indica, Areca catechu

49 (10.91) 0.99  Psidium guajava, Azadirachta indica

2(0.45) 1.00  Alstonia scholaris

29 (6.46) 0.99  Piper betle, Mangifera indica

2(0.45) 1.00  Bacopa monniera

25 (5.57) 0.99  Psidium guajava, Terminalia arjuna

31 (6.90) 0.99  Azadirachta indica, Terminalia arjuna

17 (4.01) 0.99  Piper betle, Areca catechu

10 (2.23) 0.99  Allium sativum, Capsicum annuum

3(0.67) 1.00  Allium sativum

5(1.11) 0.99  Ipomoea aquatica, Terminalia chebula

Parentheses shows the percentage values

4Informant Consensus Factor (ICF)

(1.00 each) (Table 3). This may be due to the small number
of species (ranging from only one to four species) used to
treat these ailment categories.

Among the five major ailment categories, gastrointestinal
disorders were dominant with 102 (22.72%) plant species
used, followed by dermatological problems (63 species,
14.03%), inflammation and pain (49 species, 10.91%), fever
(33 species, 7.35%) and respiratory complaints (31 species,
6.46%). P. guajava, T. chebula (UV 0.34) and P. betle were
the plant species most frequently used to treat gastrointes-
tinal disorders. C. dactylon and P. guajava were the plant

species most frequently used to treat dermatological prob-
lems. A. indica and P. guajava were also the plant species
most frequently used to treat inflammation and pain. P. gua-
Jjava and A. indica were the most frequently used plant spe-
cies to treat fever. To treat respiratory complaints, A. indica
and T. arjuna were the most frequently used plant species.
To treat these ailments, P. guajava, C. dactylon, A. indica
and 7. arjuna were the most frequently used medicinal plants
(Table 3). These findings indicate that gastrointestinal disor-
ders and dermatological, inflammation and pain, fever and
respiratory complaints were prevalent in the study area.
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Potential of medicinal plant species for COVID-19
treatment

Considering the existing literature, such as Ahmed et al.
(2020), Azam et al. (2020), Dutta et al. (2021), Islam et al.
(2021), Bachar et al. (2021), and Shahriar et al. (2022) we
identified the following 42 medicinal plant species (i.e.,
Adhatoda vasica, A. marmelos, Allium sativum, A. cepa, A.
comosus, Andrographis paniculate, A. carambola, Azadirachta
indica, Bacopa monniera, B. ceiba, Bryophyllum pinnatum, C.
annuum, C. sinensis, Cassia fistula, C. asiatica, Citrus spp.,
Cocos nucifera, C. longa, Calotropis gigantea, Camellia sin-
ensis, Coriandrum sativum, Elaeocarpus robustus, Eucalyptus
spp., H. rosa-sinensis, Ipomoea mauritiana, Mentha piperita,
Moringa oleifera, O. sanctum, P. emblica, P. granatum, Poly-
carpon prostratum, P. guajava, P. dactylifera, Solanum spp.,
S. pinnata, Swertia chirata, Syzygium spp., T. indica, Termi-
nalia spp., Tinospora cordifolia, Zizyphus mauritiana, and
Zingiber officinale) are using by the CWS-dependent com-
munities that could be favourably considered for the treatment
of COVID-19 patients in Bangladesh.

Discussion
Medicinal plants for traditional healthcare practices

As shown in the present study’s findings, the use of plant
species indicated that local people had good ethnobotanical
knowledge about the specific plants and plant parts to use
for their daily healthcare purposes. Other studies in Bang-
ladesh have found similar findings. For example, Faruque
et al. (2018) listed 159 plants from 62 families in the hilly
Bandarban District; Islam et al. (2014) documented 78
plants from 45 families in the Madhupur forest area; and
Rahman and Roy (2014) found 43 invasive medicinal plant
species belonging to 28 families in two forest-protected
areas (FPAs). Similarly, Khan et al. (2011) recorded 39 inva-
sive medicinal plants belonging to 29 families in two FPAs
in north-eastern Bangladesh; Rahman et al. (2011b) listed
50 plant species from 42 families in Khadimnagar National
Park; and Chowdhury and Koike (2010) recorded 44 plant
species belonging to 28 families in Rema-Kalenga Wildlife
Sanctuary. Similar to the present study’s 50 tree species,
Rahman and Hossain (2002) recorded 55 medicinal tree spe-
cies from 26 families in CWS.

In addition, several similar studies conducted in pro-
tected areas in other parts of the world indicated the fol-
lowing: da Silva et al. (2019) documented 167 medicinal
plant species in the Araripe National Forest of Brazil; de
Brito et al. (2017) enlisted 71 local medicinal plant spe-
cies in the Tambaba Environmental Protected Area of
north-east Brazil; while Flavien et al. (2016) reported 195
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medicinal plant species around a traditional protected area in
the Democratic Republic of the Congo. Furthermore, Kala
(2005) documented 60 threatened medicinal plant species
in protected areas of the Indian Himalayas; Betti (2004)
recorded 102 medicinal plants in Dja Biosphere Reserve in
Cameroon; and Dzerefos and Witkowski (2001) reported
51 species in Abe Bailey Nature Reserve of South Africa.
Moreover, Gumisiriza et al. (2019) recorded 211 medicinal
plant species in southwestern Uganda; Umair et al. (2017)
found 85 plants belonging to 34 families in Punjab in Paki-
stan; and Ahmad et al. (2016) recorded 217 plant species
belonging to 69 families in different districts of Pakistan.

In the present study, survey data and field observation
confirmed that older family members were knowledgeable
and experienced in ethnomedicinal plant species (e.g., which
species have which medicinal value and which species are
used to treat which ailments), with these family members
generally preparing the medicine for treating ailments. The
survey also found that people shared plant parts and pro-
duced medicine with friends and neighbours, enabling eve-
rybody to easily meet their needs, especially when medici-
nal plant resources were scarce. Similar findings were also
noticed by Chowdhury et al. (2009) and Rahman (2013) in
rural areas of Bangladesh.

Quantitative importance of medicinal plants
for traditional healthcare

The UV scores of plant species show the relative importance
of medicinal plant species and plant families for a specific
population (Islam et al. 2014; Umair et al. 2017; Faruque
et al. 2018). In the present study, the species with high UV
scores in CWS need specific medicinal plant conservation
measures to maintain forest biodiversity. Similarly, the
ethnomedicinal plant species with high RFC values indi-
cate specific species that are widely distributed and easily
accessible and plant species about which the communities
have widespread knowledge (Umair et al. 2017; Faruque
et al. 2018; Dixit and Tiwari 2020). Therefore, the medici-
nal plants with high UV scores and RFC values should be
further evaluated for their phytochemically and phytophar-
macologically important substances to identify their active
constituents for discovering new drugs (Vitalini et al. 2009;
Ahmad et al. 2016).

Furthermore, the ICF value calculation helped us identify
homogeneity in the users’ ethnobotanical evidence (Faruque
et al. 2018). The higher the ICF value, higher the number of
healthcare services provided by a specific species, with most
species in our study scoring a higher ICF value (0.99). Islam
et al. (2014) found a higher ICF value for mental disorders
in central Bangladesh. Rahman and Roy (2014) found the
highest ICF values for gastrointestinal disorders and res-
piratory complaints in northeastern Bangladesh. High ICF
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values were found for sexual disorders and respiratory com-
plaints by Rana et al. (2010) in Bangladesh. In north-eastern
Bangladesh, Chowdhury and Koike (2010) found the highest
ICF values for respiratory complaints, liver disorders, and
urinary and rectal ailments. Other studies found higher ICF
values for digestive disorders, general health and unspecified
disorders in Uganda (Gumisiriza et al. 2019), and nervous
system disorders and skin diseases in India (Dhakal et al.
2020).

As in the present study, other studies reported that more
species were used to treat gastrointestinal diseases than other
ailments (Chowdhury and Koike 2010; Kadir et al. 2012;
Singh et al. 2012; Islam et al. 2014; Umair et al. 2017). Con-
versely, Faruque et al. (2018) recorded the second-highest
number of species for the treatment of inflammation and
pain; Chowdhury and Koike (2010) for treating respiratory
complaints; and Rahman and Roy (2014) for the treatment
of dermatological problems.

Sustainable harvesting, commercialisation
and conservation of medicinal plants

The plant species diversity of CWS has been deteriorating
day by day due to local people’s significant dependency
on daily resource collection for their livelihoods (Rahman
etal. 2017a, b). From our FGDs and KIIs, the present study
identified the following major problems for medicinal plant
conservation in CWS: extensive plantations of exotic tree
species, especially Acacia and Eucalyptus spp., with planta-
tions inside the sanctuary; forest area encroached upon and
slash-burned for betel leaf (P. betle) cultivation; overharvest-
ing of important medicinal plants; lack of awareness-raising
programs on medicinal plants; no recorded documentation
of medicinal plants; no income-generating activity from
medicinal plants; and no organised marketing channel for
commercialisation of medicinal plants and herbal medicine
products (Online Resource 4). Key informants stated that,
although no restrictions have been placed on harvesting
medicinal plants from the sanctuary for individual use, the
Forest Department has placed restrictions on unsustainable
harvesting for commercial purposes. The local Co-Manage-
ment Committee through the volunteer Community Patrol
Group (CPG) plays a significant role in guarding and moni-
toring forest resources.

In response to these problems, key informants advised
that the Forest Department and NGOs had undertaken some
initiatives, such as distributing seedlings of different medici-
nal and fruit tree species, such as T. arjuna, P. emblica, T.
chebula, T. belerica and C. papaya; provided support for
the cultivation of medicinal plants in homestead forests as
well as inside the sanctuary; distributed seeds of different
seasonal vegetables for immediate cash returns; and formed
a committee through the Village Conservation Forum to

protect these plantations. Moreover, the following sugges-
tions, abridged from the FGD and KII input, could further
improve the situation: massive plantations of native fruit
trees and medicinal plant species on denuded and degraded
hills; minimisation of the land tenure problem for tree plan-
tations; controlling the overharvesting of important medici-
nal plant species; raising awareness about the curative value
of medicinal plants, especially among the young generation;
provision of financial aid, seedlings and training to develop
nurseries for the conservation of medicinal plants; docu-
mentation of traditional and cultural beliefs of local com-
munities on plant utilisation; and commercialisation of local
medicinal plant resources, with linkages formed with the
pharmaceutical industry (Online Resource 4).

Cultural and religious beliefs have a strong connection with
plant species conservation, especially with the conservation of
specific plant species believed to bring good health and fortune
into people’s lives (Anderson et al. 2005). For example, the
Mising tribal community of Assam (India) uses 30 plant species
for their religious purposes and the treatment of different ail-
ments (Sharma and Pegu 2011). As in the present study’s find-
ings, Cartwright-Jones (2006) found that paste made from L.
inermis leaves was popular as an integral part of weddings and
other cultural and religious festivals in South Asia, the Middle
East and Africa. Interestingly, Chowdhury et al. (2009) men-
tioned that young girls sometimes put blood from their fingers
at the base of this plant when planting, hoping for its long life
and darker leaf colour.

Phytochemical and phytopharmacological
evaluation of medicinal plants

Bangladesh is suffering from the continual decline of medic-
inal plant availability from forest and non-forest sources, the
decline in the number of traditional practitioners, the loss of
their ethnomedicinal knowledge, and the lack of interest in
knowledge transfer to the young generation. Several pub-
lished studies in Bangladesh, such as Rahman et al. (2001),
Ghani (2003), Mazumder and Rahman (2008), Rahmatullah
et al. (2010), Kaisar et al. (2011), Haque et al. (2013), Islam
et al. (2016), Ghosh et al. (2018), Mohiuddin (2019) and
others, have discovered the lead compounds (phytochemi-
cal, phytopharmacological, biological, toxicological and
other medicinal properties) of important medicinal plants
in Bangladesh, which can lead to better drug preparation for
healthcare purposes. These scientific studies have suggested
that all the documented medicinal plant species in Bangla-
desh could be a promising source of new drug discovery to
treat many ailments, with even a single species able to be
used to treat multiple ailments. Therefore, medicinal plant
species used for traditional healthcare in and around CWS
should be evaluated for essential lead compounds, showing

@ Springer



236

Environmental Sustainability (2022) 5:207-241

economic, industrial and environmental importance of these
species for ex-situ and in-situ conservation.

Role of ethnomedicine in COVID-19 treatment

Deng et al. (2020) recommended ‘cheap kitchen medi-
cine’, such as A. sativum, A. cepa, Cliteria ternatia, Morus
alba, Solanum melongena and Z. officinale to fight against
COVID-19. Shawky et al. (2020) suggested the following
medicinal plants such as Anastatica hierochuntica, Cicho-
rium intybus, Chrysanthemum coronarium, Epilobium hir-
sutum, Euphorbia spp., Glycyrrhiza glabra, Hibiscus sab-
dariffa, Nigella sativa and P. guajava to mitigate COVID-19.
Jahan and Onay (2020) documented more than 40 medicinal
plants for possible treatment of COVID-19 such as C. sin-
ensis, C. annuum, Citrus spp., C. longa, Mentha longifolia,
Olea europaea, Phoenix hanceana, Eucalyptus spp., etc.

Silveira et al. (2020) identified 39 herbal medicines
among five species (i.e., Althaea officinalis, Commiphora
molmol, Glycyrrhiza glabra, Hedera helix and Sambucus
nigra) were found to have a positive effect on the COVID-19
patient; 10 species were found to be promising (A. sativum,
Andrographis paniculata, Echinacea angustifolia, Echi-
nacea purpurea, Eucalyptus globulus, Justicia pectoralis,
Magnolia officinalis, Pelargonium sidoides, Salix sp. and Z.
officinale), while the remainder were continuing to be tested.

A mixture of 11 medicinal plant species called ‘Lianhua-
gingwen’ was used in China for the COVID-19 treatment
(Runfeng et al. 2020). Luo et al. (2020a, b) reported that
Astragalus mongholicus, Atractylodes lancea, A. macro-
cephala, Forsythia suspensa, Glycyrrhiza glabra, Lonicera
Jjaponica and Saposhnikovia divaricate were found to be
the most frequently used in China. Furthermore, Ang et al.
(2020a) and Weng (2020) recorded the widely used medici-
nal plants in China: Agastache rugosa, Alisma plantago-
aquatica, Armeniacae semen, A. Amarum, Asarum sieboldii,
Aster tataricus, A Rhizoma, A. macrocephala, Bupleurum
chinense, Cinnamomum cassia, Citrus aurantium, Dioscorea
polystachya, Ephedra sinica, Forsythiae fructus, Glycyrrhi-
zae Radix et Rhizoma (comprising 20 species of Fabaceae
family), Iris domestica, Lepidii seu Descurainiae Semen
(seeds of inauthentic plant species), Pinellia ternate, Poly-
porus umbellatus, Prunus armeniaca, Radix scutellariae,
Scutellaria baicalensis, Tussilago farfara and Wolfiporia
extensa.

Furthermore, the following medicinal plants have already
been reported for the treatment and management of COVID-
19 in previous studies and were found to be used for treating
different ailments in CWS: Achyranthes aspera, A. sativum,
A. indica, C. longa, M. oleifera, P. guajava, Z. officinale in
Africa (Adeleye et al. 2021). Adhatoda spp., A. sativum, A.
indica, A. marmelos, B. ceiba, C. longa, Citurs spp., and Z.
officinale (Bachar et al. 2021) and Calotropis gigantea in
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Bangladesh (Dutta et al. 2021). Allium cepa, A. sativum,
A. indica, A. carambola, A. marmelos, C. asiatica, C. sati-
vum, C. papaya, C. annuum, C. sinensis, Ficus religiosa,
M. piperita, P. guajava, P. emblica, T. bellirica, Terminalia
chebula, T. cordifolia, Syzygium cumini and Z. officinale in
Nepal (Khadka et al. 2021). A. sativum, Citrus limon, C.
sinensis, O. sanctum and Z. officinale in Bangladesh (Ahmed
et al. 2020). A. Sativum, A. cepa, E. globulus, P. dactylif-
era and Z. officinale in Morocco (El Alami et al. 2020). C.
limon, O. sanctum and Z. officinale in Bangladesh (Azam
et al. 2020). A. cepa, A. comosus, A. indica, A. sativum,
C. annuum, C. sativum, C. sinensis, M. piperita, O. sanc-
tum, P. emblica, P. granatum, P. guajava, S. pinnata and
Z. officinale in Bangladesh (Islam et al. 2021). A. cepa, A.
sativum, A. paniculate, A. indica, C. sinensis, Cassia fistula,
C. nucifera, C. longa, P. granatum, M. oleifera, O. sanctum,
T indica, T. chebula, T. cordifolia, Z. officinale in Bangla-
desh (Shahriar et al. 2022). A. sativum, E. globulus and Z.
officinale in Peru (Villena-Tejada et al. 2021). A. cepa, A.
sativum, A. comosus, C. sinensis, C. annuum, C. limon, C.
nucifera, Colocasia esculenta, C. longa, Dalbergia sissoo,
E. globulus, Ficus spp., M. indica, Mentha spp., M. cordata,
M. oleifera, Musa spp., P. dactylifera, Syzygium spp., and
Zingiber officinale, etc. are common medicinal plants used
in China, Italy, Spain, USA, Brazil, Jamaica, Bolivia, Roma-
nia, Belarus, Lithuania, Poland, Georgia, Turkey, Pakistan,
Cambodia, and South Africa (Pieroni et al. 2020).

The above studies suggested that plant-based drugs could
be used alone or in combination as alternative medicines to
treat/prevent COVID-19. While these plants will not cure
or prevent COVID-19, they may improve the well-being of
patients, offering an opportunity to personalise the thera-
peutic approaches taken. However, standard clinical trials
should be carried out to prove the efficacy of these medicinal
plant species.

Conclusion

Our exhaustive survey of medicinal plants and traditional
healthcare practices revealed that CWS-dependent com-
munities rely exclusively on plant-based ethnomedicine for
their daily healthcare purposes. The quantitative assessment
indicates that each species has been used to treat multiple
ailments. This study also proposes standard clinical trials by
pharmaceutical companies to prove the efficacy of locally
available medicinal plant species for treating COVID-19
patients in Bangladesh. The results suggest that commu-
nity awareness of sustainable harvesting and cultivation
at the homestead forests and commercial level could lead
to sustainable conservation of these invaluable plant spe-
cies for healthcare use, increased income and dietary qual-
ity of communities, and sustainable forest management by
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involving them. The study findings can potentially lead to
the development of new therapeutic uses and may represent
novel bioresources for phytochemical and pharmacological
studies. The preservation, propagation and conservation of
vulnerable but commercially important plant species are fur-
ther essential research areas. The collaboration between uni-
versities, research organisations, pharmaceutical companies
and Forest Department could boost the country’s medicinal
plant production and use. Finally, medicinal plant conser-
vation and sustainable forest management are essential for
meeting the rural sustainable development in Bangladesh.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s42398-022-00230-z.
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