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Abstract

Background: The present study documents the ethnomedicinal knowledge among the traditional healers of the
Pangkhua indigenous community of Bangladesh. The documented data from this area was quantitatively analyzed
for the first time. We aimed to record ethnomedicinal information from both the traditional healers and also the
elderly men and women of the community, in order to compile and document all available information concerning
plant use and preserve it for the coming generations. We aimed to compare how already known species are used
compared to elsewhere and particularly to highlight new ethnomedicinal plant species alongside their therapeutic
use(s).

Methods: All ethnomedicinal information was collected following established techniques. Open-ended and semi-
structured techniques were primarily utilized. Data was analyzed using different quantitative indices. The level of
homogeneity between information provided by different informants was calculated using the Informant Consensus
Factor. All recorded plant species are presented in tabular format, alongside corresponding ethnomedicinal usage
information.
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Results: This investigation revealed the traditional use of 117 plant species, distributed among 104 genera and
belonging to 54 families. There was strong agreement among the informants regarding ethnomedicinal uses of
plants, with Factor of Informant Consensus (FIC) values ranging from 0.50 to 0.66, with the highest number of
species (49) being used for the treatment of digestive system disorders (FIC 0.66). In contrast, the least agreement
(FIC = 0.50) between informants regarding therapeutic uses was observed for plants used to treat urinary disorders.
The present study was compared with 43 prior ethnomedicinal studies, conducted both nationally and in
neighboring countries, and the results revealed that the Jaccard index (JI) ranged from 1.65 to 33.00. The highest
degree of similarity (33.00) was found with another study conducted in Bangladesh, while the lowest degree of
similarity (1.65) was found with a study conducted in Pakistan. This study recorded 12 new ethnomedicinal plant
species, of which 6 have never been studied pharmacologically to date.

Conclusions: This study showed that the Pangkhua community still depends substantially on ethnomedicinal
plants for the treatment of various ailments and diseases and that several of these plants are used in novel ways or
represented their first instances of use for medicinal applications.

Keywords: Indigenous community, Traditional healer, Ethnomedicine, Ethnobotany, Bangladesh

Background
Traditional herbal medicine in Bangladesh has strong
cultural and religious foundations. It manifests in differ-
ent ways among indigenous groups in their ritual or
ceremonial practices, spiritual practices, and self-healing
practices. Indigenous communities have utilized this
local knowledge for centuries to cure different diseases.
Reportedly, more than 80% of the Bangladeshi use
non-allopathic medicines (Ayurveda, Siddha, Unani, and
homeopathy) for their healthcare, with herbs constitut-
ing a major ingredient of these alternative systems of
medicine [1]. Bangladesh is a country that is considered
rich in medicinal plant genetic resources, by virtue of its
favorable agroclimatic conditions and seasonal diversity.
With productive soils and a tropical climate, more than
5000 angiospermic plant species have been recorded in
the country [2], of which about 250 have documented
use in traditional medicine systems [3]. About 75% of
the country’s total population lives in rural areas, and al-
most 80% is dependent on natural resources (e.g., medi-
cinal plants) for their primary healthcare needs [4].
Rural/indigenous peoples are capable of identifying
many species of plants yielding various products, includ-
ing food, firewood, medicine, forage, and tools for daily
needs. With such a high demand for herbal medicines,
the medicinal plant sector has been cited as the most
promising business sector in Bangladesh [5], with more
than 500 companies producing herbal medicines, yet
despite the biodiversity described above, more than 90%
of the plants and products needed to meet domestic de-
mands are imported from other countries, such as India,
Nepal, and Pakistan.

Many indigenous Bangladeshi live in deep forest zones.
They include those people living within the three

Chittagong Hill Tract districts (CHTs) of south-eastern
Bangladesh, within which there are 12 indigenous com-
munities [6]. The smallest of these communities is the
Pangkhua, who dwell in the remote Pangkhua paras, an
isolated part of the Bilaichari Upazilla of the Rangamati
CHT. In the wet season, the only way to reach Pangkhua
paras is by motorboat, taking 6 h, while in the dry sea-
son it takes more than 8 h on foot. Like other remote
communities, the Pangkhua have their own distinct trad-
itional healthcare system and practices. In fact, the near-
est conventional medicine facility is in Belaichari
Upazilla sadar, the only Government health facility
nearby (about 15km), with basic health facilities. Ser-
vices there are provided by two medical practitioners
alongside three paramedics. The Pangkhua people thus
have inadequate access to modern treatments, and in
any case, allopathic medicine is largely unaffordable to
them. Traditional medicinal knowledge, on the other
hand, is orally transmitted from one generation to the
next. Typically, every elderly man and woman of the
community can prepare herbal formulations for the
treatment of common ailments, such as fever, cough,
cold, dysentery, diarrhea, and gastritis. Typically, they
visit professional healers only when they suffer from
more serious symptoms or conditions, such as jaundice,
cholera, malaria, or cancers. The headmen (karbari) of
each village also act as professional healers. In fact, many
Pangkhua believe that they lose their community spirit if
they receive allopathic care. Local government has had
to enforce modern treatment in instances of contagious
disease.

Several studies on ethnomedicinal plants of Bangladesh
have been conducted in the past, and comprehensive
works have already been published [7-13]. However, few
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studies focus on the Rangamati district [10, 14, 15]
with almost nothing on the Pangkhua indigenous com-
munity. With this in mind, the Pangkhua indigenous
community was selected for the present study, as their
ethnomedicinal practices have not been thoroughly
investigated to date. It was important to ascertain who
among them represent the custodians of such know-
ledge and to document their uses of medicinal plants.
To the best of our knowledge, this is the pioneer

quantitative documentation of medicinal plants in the
studied area.

Methods
Study area
The present study was carried out in the Pangkhua areas of
the Belaichhari Upazila within the Rangamati District (Fig. 1).
This district is part of the Chittagong division and
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Chittagong Hill Tracts. Belaichhari thana (now an
upazila) was established in 1976. It consists of 3 Union
parishads, 9 mouzas and 30 villages. The Belaichhari
Upazila is situated approximately between 20° 50" and
22° 35" N latitude and between 90° 38" and 92° 17" E
longitude. The Rainkhiang is the main river of the upa-
zilla. The district lies in the south-east of Bangladesh
and has a tropical monsoon climate. There are three
main seasons: the dry season (November to March),
which is sunny and dry; the pre-monsoon (April to
May), which is very hot and sunny with occasional
showers; and the rainy season (June to October), which is
warm, cloudy, and wet. Temperatures of the Belaichhari
Upazila are moderate, with a mean monthly average
temperature in Rangamati of 25.8 °C and annual monthly
average temperatures ranging from 13.4 to 34.6°C. The
mean annual rainfall is 2865.4 mm, with mean monthly
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Fig. 1 A map of the studied area [16]
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maxima and minima of 679 mm (July) and 7.4 mm
(January), respectively [16].

Methods of study

The success of ethnobotanical documentation depends on
the cooperative relationship between the researcher and
local informant. Knowledgeable informants are very im-
portant for the study of ethnobotany [17, 18]. Various tech-
niques are recommended for ethnobotanical studies,
including (i) direct or participant observation, (ii) checklist
interview, (iii) group interview, (iv) field interview, (v) plant
interview, and (vi) market survey [19, 20]. All of these tech-
niques were followed in this study except the use of check-
list interviews. The interview is a dynamic process
involving spoken interactions between two or more people.
In general, open-ended and semi-structured techniques
were followed. Initial contacts are very important to under-
stand an area and its people. Initial contacts were made
with headmen, teachers, and students within the area to se-
lect informants. Upon identification of informants, if neces-
sary, interpreters were also appointed. Ethnobotanical
information regarding the usage of medicinal plants avail-
able in the local area for treating various ailments and dis-
eases was collected through direct interviewing of
traditional healers and other informants possessing trad-
itional knowledge about medicinal plants. During the inter-
views, information was noted using data documentation
sheets; in addition, audio recording was performed with a
digital voice recorder. Contact in the field was conducted
over a total of 43 days, in different seasons, with interviews
conducted in the Chittagonian language, accompanied by a
local student (Bathue Pankhua) and with consultancy with
a local doctor (Dr. Mizanur Rahman).

Quantitative analysis
To analyze the data, we adopted the following quantita-
tive ethnobotanical techniques:

Factor of informant consensus (FIC)

The level of homogeneity between information provided
by different informants was calculated using the factor
of informant consensus (FIC) [21, 22]. It is calculated as
FIC = Nur — Nt/(Nur — 1), where Nur is the number of
use reports from informants for a particular plant-use
category and Nt is the number of taxa or species associ-
ated with that plant-use category across all informants.
FIC values range between 0 and 1, with FIC = 1 indicat-
ing the highest level of informant consensus. A high
value (close to 1) indicates that relatively few taxa (or,
more usually, species) are used by a large proportion of
informants, while a low value indicates that informants
differ on the taxa to be used in treatment within a cat-
egory of illness. Therefore, if informants use few taxa,
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then a high degree of consensus is reached and medi-
cinal tradition is thus viewed as well-defined [23].

Jaccard index (JI)

We also wished to calculate similarities between our stud-
ies with prior ethnobotanical studies carried out in other
parts of Bangladesh, as well as those from neighboring
countries. This may be expressed using the Jaccard index
(JI), which uses the following formula [24, 25]:

JI=C x 100/A + B — C, where, A is the recorded number
of species of the current study area a, B is the documented
number of species of another study area b, and C is the
number of species common to both areas a and b.

Results

Enumeration of taxa

The ethnobotanical survey was carried out three times
during summer and winter seasons from January 2016
to September 2017. All plant materials were collected
and identified through expert consultation, by compari-
son with herbarium specimens and through use of litera-
ture references. Following preservation, plant materials
were numbered and deposited as voucher specimens in
the Chittagong University Herbarium. Descriptions and
current nomenclature were compared with the recent
“Dictionary of Plant Names of Bangladesh-Vascular
Plants” [2] and with www.theplantlist.org. The ethnome-
dicinal value of each plant was cataloged as follows: bo-
tanical name (with voucher number in brackets), Bangla
name, Pangkhua name, family, habit, plant part(s) used,
disease(s)/illness treated, usage information, and prior
documentation in the allied literature (Table 1).

Demography of informants

A total of 218 people, including traditional healers and
other community members, mostly the elderly men and
women, with ages ranging from 27 to 86years were
interviewed, and of them, the majority (65.6%) belonged
to the age group of 51-70. We considered as informants
those reporting one or more ethnomedicinal uses of a
species (see Additional file 1 as an example). Demo-
graphics by gender, age, education, and occupation of
participants are summarized in Table 2. Detailed clarifi-
cation of informants is presented in an additional file
(see Additional file 2).

Ethnomedicinal plants and part(s)

The present investigation details 117 species of ethnome-
dicinal plants distributed across 104 genera and belonging
to 54 families (Table 1). The highest numbers of ethnome-
dicinal plants recorded were from the Fabaceae (12 spe-
cies). The second largest used families represented were
the Asteraceae and Zingiberaceae (10 species each),
followed by the Lamiaceae (5), Caesalpiniaceae (4), and
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Table 2 Demographics of the Informants

Variable Categories Percentage
Gender Male 66.97
Female 33.03
Age group <30 9.63
30-50 16.51
51-70 65.60
70> 8.26
Education Illiterate 45.87
Primary 30.73
High school 22.02
University 1.38
Profession Daily laborer 2844
Farmer 47.71
Professional healer 6.88
Other 1697

Amaranthaceae, Apiaceae, Cucurbitaceae, and Poaceae
having 3 species each. The remainder of families was rep-
resented by two or one species. However, most of these
families are documented to contain active constituents
and feature in different traditional systems of medicine.
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Of all recorded species, herbs (55 species) were found to
account for the greatest number, followed by trees (35
species), shrubs (13 species), climbers (10 species), and
under-shrubs (4 species). Different parts of ethnomedic-
inal plants are used in herbal formulations by local trad-
itional healers for the treatment of different ailments.
Among such plant parts, leaves (34.07%) were found to be
the most frequently used for the preparation of herbal
drugs, followed by other parts (Fig. 2).

Considering the mode of preparation of traditional
medicines by the Pangkhua community, the range of
methods reported for various species included decoc-
tions, juices, extracts, pastes, powders, infusions, oils,
and the use of fresh plant parts. Among these, the most
common formulations were decoctions (25.93%) and
fresh plant parts (23.46%), followed by juices (16.05%),
pastes (14.81%), extracts (13.58%), oils (3.70%), and infu-
sions and powders (1.23% each). Decoctions are often
the most commonly encountered preparation method
reported [26-30]. In some cases, processing involved
drying of the plant material followed by grinding into a
fine powder. Water was most commonly used if a solv-
ent was required, with cow’s milk or honey sometimes
used as a matrix or as an adjuvant to increase viscosity.
Within the study community, plant medicines were
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Fig. 2 Plant parts used for the preparation of herbal medicines
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usually administrated orally. Bathing in a decoction or
rubbing and massaging using the plant parts were also
encountered.

Conservation status

The conservation status of all recorded plant species was
checked using the International Union for Conservation
of Nature (IUCN) Red List of Threatened Species [31]. A
total of 12 species, namely Acorus calamus, Amorphophal-
lus paeoniifolius, Ammania multiflora, Azolla pinnata,
Breonia chinensis, Centella asiatica, Cyperus rotundus,
Commelina diffusa, Hygrophila difformis, Lasia spinosa,
Mimosa pudica, and Ofttelia alismoides were recorded as
“of Least Concern,” while only one species (Saraca asoca)
was recorded as “vulnerable,” with all other species not in-
cluded on the list.

Quantitative analysis

The present study records the use of ethnomedicines to
treat 11 categories of ailments. Of these, the most com-
mon uses were for digestive system disorders (49 spe-
cies), followed by respiratory complaints (39 species)
(Table 3). To ascertain the level of agreement among the
informants of the Pangkhua community regarding the
use of plants to treat certain disease categories, FIC

(2019) 15:8
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values were determined. The FIC values are presented in
Table 3. It is clear that the FIC values showed variation,
varying from 0.50 to 0.66. In the treatment of digestive
system disorders, the highest FIC value (0.66) was
encountered, with 141 use-reports for 49 plant species.
This was followed by plants used to treat respiratory
system disorders (FIC = 0.64) and so on (Table 3). In
contrast, the least agreement (FIC = 0.50) between infor-
mants regarding therapeutic uses was observed for
plants used to treat urinary disorders. The calculated ]I
indices (Table 4) ranged from 1.65 to 33.00. The highest
degree of similarity was found with a study conducted in
Bangladesh, while the lowest degree of similarity was
found with a study conducted in Pakistan.

New ethnomedicinal plant species and uses

Our comparative analysis revealed that out of 117
ethnomedicinal plant species documented, 37 species
had either no similar or any use (Table 1). Therefore,
these species were compared with the research data-
bases of SCOPUS, PubMed, Biomed Central, and
Google Scholar, and the results showed that use of 12
of these species has heretofore been unreported in
Bangladesh (Table 5), while 6 species have never been
screened pharmacologically.

Table 3 Categories of ailments and Informant Consensus Factors (FIC)

Use category. In brackets, local name of illness used by the informants and local people Number of Number of use Informant
taxa (Nt) reports (Nur) consensus factor

Digestive system disorders: diarrhea (patla paikhana), gastritis 49 141 0.66

(gastic, petod gas), dysentery (bikar, amasha), carminative (hozmi, petod

gas komibo), digestive (hozomi), ulcer (petod gha), vomiting (bomi),

indigestion (hozom n hoile), piles (arsha), constipation (paikhana kosha),

anthelmintic (krimir osod), dyspepsia (hozom n hoile), laxative (paikhana

norom goribellai).

Respiratory disorders: cough (kof), colds (thanda), pneumonia 39 109 0.65

(newmonia), bronchitis (jolkhashi), tuberculosis (jokkha), asthma (shash

kosto), whooping cough (khungri khas).

Cancer (kancer) and tumors (tumar) 7 18 0.64

Malaria (maleria) 5 11 0.60

Snake and dog bites (hap and kutta kamor) 4 8 0.57

Skin diseases: eczema (kaur), ringworm (dad), boils (fura), scabies 24 55 0.57

(chulkani), burns (pora), cuts (kata) and wounds (khoto/gha).

Sexual and menstrual disorders: leucorrhoea (shet shrab), dampened 10 22 0.57

sexual desire (sex barabelllai), impotence (bondha), pain during

menstruation (masik kale betha), sexual disabilities (bikolango)

Pain: Abdominal pain (tolpetod betha), backache (pit betha), earache 18 39 0.55

(kanot betha), headache (matha betha), joint pain (girad betha), rheumatic

pain (bater betha), sore throat (golat betha), stomachache (pedot betha),

toothache (dat betha).

Urinary disorders: dysuria (proshaber somot betha), kidney problems 6 11 0.50

(kidnir somossa), urinary tract infections (proshaber rastat gha)

Jaundice (jondis) 7 18 0.64

General disorders: fever (jor), high blood pressure (pressure bari gele), 22 58 063

colic (shul betha), stimulant (uttejok), conjunctivitis (chokh utha).
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Table 4 Jaccard similarity index (JI) for local and neighboring
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Table 4 Jaccard similarity index (JI) for local and neighboring

countries countries (Continued)
Area of study Indices JI Reference Area of study Indices Jl Reference
S. A B C SS A B C
N. N.
Bangladesh  Eleven districts of 1 104 237 13 396 [27] Sarban hills, 34 114 71 3 165 [60]
Bangladesh Abbottabad,
Pakist
Dhaka 2 109 29 8 615 [44] axstan
Tribal 11 7 4 217 [61

Rangamati district 3 104 37 13 10.16 [10] P!Eitaar:eas’ 3511375 611

Panchagarh district 4 88 68 29 2283 [36] Manipur, India 36 107 110 10 483 [62]

gi’r(;ah;”usr of 5 98 32 19 1430 [ Mizoram, India 37 105 147 12 500 [63]

Mi Indi 38 101 119 16 784 [64

Bandarban district 6 95 44 22 1880 [35] woram. india o4

Mi Indi 9 114 4 182 [6

Coxs Bazar district 7 84 49 33 3300 [34] izoram, India 3 >4 03182 163]

Hazarikhil 8 102 28 15 1304 [3] Western Mizoram, 40 105 77 12 6.74 [66]

. : Indi

Chittagong nela

Madhupur Forest 9 96 57 17 125 [42] Tripura state, India 41 106 114 11 526 [67]

Area South district of 42 97 93 20 11.74 [68]

Tri Indi
Bandarban district 10 85 127 32 17.78 [7] ripura, fndia
A Indi 43 1 1 .

Chittagong Hill 11 97 126 20 922 [9] ssam, Inda 3109 31 08 606 [69)

Tracts Legend: A is the recorded number of species of the current study area a, B

is the documented number of species of another study area b, and C is the

Durgapur 12 .95 49 22 1803 [8] number of species common to both areas a and b, and S.N is the

Moulivibazar 13 111 09 6 526 [49] serial number

dlstrct Discussion

Pabna district 14103 15 14 1346 [30) Overall, this study revealed the traditional use of 117

Joypurhat district 15 95 73 22 1507 [51] plant species, distributed among 104 genera and belong-

Rangamati district 16 107 31 10 7.81 [39] ing to 54 families to treat 11 categories of ailments, re-

Kalenga forest 17 107 25 10 820 [40] corded from 218 traditional healers and elderly men and

Rangamati district 18 113 20 04 310 [52] women. The highest number of species belonged to the

Bandarban district 19 106 47 11 774 [11] Fabaceae; this dominancy may be due to the worldwide

. ’ distribution of species from this family [32, 33] and, fur-
gi?g:ggrgand' 20 89 83 28 1944 [12) thermore, that the Fabaceae constitute the second lar-

Bandarban distict 21 113 29 04 290 53 gest family in the flora of Bangladesh [2]. Similar results

andarban district : have been reported by other ethnobotanists [10, 27, 34]

%glgzsagong Hill 22 89 119 28 1556 [13] while [7] reported the Asteraceae as the largest family

S and the Fabaceae the third largest family in their study

Rangamati district 23 114 12 03 244 [15] conducted in Bangladesh.

Bandarban district 24 110 47 07 467 [54] Herbs are naturally abundant in the study areas, which

Six districts of 25 114 21 03 227 [47] were mostly hilly and covered by a forest canopy, creat-

Northern region ing favorable conditions for their growth. Similar results

Sylhet district 26 98 55 19 1418 [55] were observed with other studies conducted in different

Natore district 27 111 14 06 504 [56] regions of Bangladesh [3, 27, 34—36].

Kurigram distiict 28 112 26 05 375  [57] The preference for the use of leaves in the preparation
Neighboring  Satpuda hills of 20 111 46 6 397 [58] of herbal medicines by the healers is likely due to the
countries India year-round availability of leaves, and the fact that they

Uttar Pradesh, India 30 113 36 4 276 [59] are easier to collect, store, process, and handle. Similar

parbat district of 31 114 120 4 167 [41] observations have been reported in allied studies in

western Nepal ‘ Bangladesh and other countries [28, 35, 37, 38]. Healers

Jajarkot district 2 14 57 3 179 [@43] usually however prefer to use fresh plant materials in-

Nepal ' stead of dry and stored ones for herbal preparations.

Shimoga district, 33 102 70 15 955 [45] In the study area, digestive system disorders are com-

India

mon, largely due to a deficiency of pure water, especially
in the dry season, coupled with a lack of awareness of its
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Table 5 List of new ethnomedicinal plant species and species as yet unscreened for pharmacological activity

Species used for the treatment
of different ailments in other regions

Species reported for the first
time with an ethnobotanical

Species not studied
pharmacologically to date

use in Bangladesh

« Ananas comosus

- Artocarpus heterophyllus
« Blumea balsamifera

« Blumea lacera

+ Albizia myriophylla

- Alternanthera pungens
« Ammannia multiflora

+ Amberboa moschata

« Amberboa moschata

+ Antidesma velutinosum
- Argyreia splendens

« Bauhinia scandens

« Bombax ceiba
« Cheilocostus speciosus
« Cinnamomum tamala

+ Antidesma velutinosum
- Argyreia splendens

+ Azolla pinnata

+ Bauhinia scandens

- Erigeron sublyratus
« Miscanthus fuscus

- Coccinia grandis

« Dioscorea hispida

« Hyptis suaveolens

« Mikania micrantha

« Nicotiana tabacum
« Piper betel

- Spilanthes acmella

« Spondias pinnata

- Sterculia villosa

- Tectona grandis

- Argyreia splendens

- Erigeron sublyratus
« Hygrophila difformis
« Miscanthus fuscus

« Ottelia alismoides

importance among those living in hilly and remote areas.
Similarly, respiratory system disorders were second in
occurrence, due to prevalence of smoking and chewing
of leaves of Nicotiana tabacum with those of Piper betel.
Analogously to our results, digestive system disorders
were found to be the major ailment category in many
other ethnomedicinal studies conducted in Bangladesh
[7, 8, 14, 39, 40]. High FIC values also indicate that such
species are worth investigating for bioactive compounds.

As discussed earlier, some medicinal plant species used
by the healers of the studied community are also used
by the healers of different communities in different parts
of Bangladesh as well as in neighboring countries and
beyond.

A total of 19 ethnomedicinal plant species which are
commonly used by the indigenous communities of
Bangladesh were selected and their known uses com-
pared with our results (Table 6), to ascertain whether
the Pangkhua community has any novel uses of these
species. Alongside, we evaluated the phytochemical lit-
erature on these species. From our review, 11 species,
namely Acorus calamus, Aegle marmelos, Arecha cat-
echu, Calotropis procera, Centella asiatica, Curcuma
longa, Justicia adhatoda, Phyllanthes emblica, Saraca
asoca, Terminalia chebula, and Zingiber officinale have
distinct uses within the Pangkhua community. For ex-
ample, Centella asiatica is used analogously by the
Marma community in Bandarban [35], the Rakhaing
community in Cox’s Bazar [34], the Tripura community
in Chittagong [3]; the local people in the Panchagarh
[36], Garo, Hazong, and Bangalee communities in Dur-
gapur [8]; the local people of 11 districts in Bangladesh
[27]; and the ethnic people of western Nepal [41]. This
species was also used differently in traditional medicine
by traditional healers of Bangladesh and other countries

[37, 42—45]. Interestingly, its use in one ailment, asthma,
has been documented for the first time in this study.
Similarly, the use of Acorus calamus as an anthelmintic
has not been reported before, and the use of fruit of
Aegle marmelos to treat asthma is recorded herein for
the first time, while its leaves were used in combination
with other plants [46]. Other unreported uses of estab-
lished ethnomedicinal species include Arecha catechu as
a carminative, Calotropis procera to treat asthma and
snake bite, Curcuma longa as a laxative and to treat
fever, Justicia adhatoda and Phyllanthes emblica to re-
duce high blood pressure, Saraca asoca to treat diarrhea
and leucorrhea, Terminalia chebula to reduce pain dur-
ing menstruation and to treat bronchitis, and Zingiber
officinale as a laxative and to treat dyspepsia and
tuberculosis.

To illustrate homogeneity of use or otherwise, the ]I
was used to compare our study with 43 previous investi-
gations. In total, the JI was calculated for 28 regions of
Bangladesh with the Cox’s Bazar district emerging as the
most similar to our study area with JI = 33.00, followed
by the Panchagarh, Chittagong, and Bandarban districts
(JI = 22.83, 19.44, and 18.80 respectively), while the low-
est JI (2.77) was found with the study conducted by Rah-
man [47]. The high JI may reflect that the study area is
located in the same geological zone, with similar socio-
economic and cultural characteristics. On the other
hand, among three neighboring countries (India,
Pakistan, and Nepal), the highest similarity was found
with the adjacent state of Tipura, India (JI = 11.74) while
the lowest (JI = 1.65) was from Pakistan.

Limitations of the current study
Ethnobotanical documentation constitutes field-based
research. Nevertheless, the field is not always a safe
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Table 6 Comparative ethnobotanical uses of selected species among the Pangkhua and wider Bangladesh

Scientific Documented secondary metabolites Ethnomedicinal application(s)  Previous ethnomedicinal
name in phytochemical studies among the Pangkhua® report in Bangladesh
Acorus [-asarone [70] Anthelmintic, gastritis Asthma [39, 52]; menstrual problem and
calamus bowel pain [13]; asthma and wounds [55];
eczema [35]; gastritis, vomiting and
splenomegaly [34]; hair problem [10]; cough
[71]; constipation, edema, and indigestion [72];
indigestion [7]
Aegle Taxol [73]; 2-isopropenyl-4-methyl-1-oxa- Digestive, asthma Constipation, peptic ulcer and respiratory
marmelos cyclopentalblanthracene-5,10-dione and disorder [8]; dysentery and indigestion [13];
(+)-4-(2"-hydroxy-3"-methylbut-3"-enyloxy) dysentery and diarrhea [9]; sedative [11];
-8H-[1,3]dioxolo[4,5-h]chromen-8-one, abscess, fever, dysentery and indigestion
imperatorin, -sitosterol, plumbagin, [51]; dysentery [12]; itches [50]; insomnia [35];
1-methyl-2-(3-methyl-but-2"-enyloxy)- vomiting [34]; stomachache and blood
anthraquinone, B-sitosterol glucoside, dysentery [71]; diarrhea, dysentery, constipation,
stigmasterol, vanillin and salicin [74]; peptic ulcer and respiratory disorder [72];
anhydromarmeline (1), aegelinosides A digestive, dysentery and diarrhea [7]
and B [75]
Aloe vera Dihydrocoumarin derivatives, compounds Burns Piles, menstrual disease and sex problems [51];
1 and 2 [76]; p —coumaric acid, ascorbic skin disease [34]; burn and skin disease [10, 78]
acid, pyrocatechol and cinnamic acid [77];
Di(2-ethylhexyl) phthalate [78]
Areca Fernenol (fern-9(11)-en-3a-ol), arundoin Carminative Diarrhea [34]; [71]
catechu (fern-9(11)-en-3a-ol ME), stigmasterol and
B-sitosterol [79]; NPF-861A, NPF-861B, NPF-
86lI1A, and NPF-86II1B [80]
Azadirachta  Limonoids 3-deacetyl-3-cinnamoylazadirachtin, Scabies, malaria Diabetes [44]; allergy, eczema, skin disease and
indica 1-tigloyl-3-acetyl-11-methoxyazadirachtinin, diabetes [8]; scabies and itches [53]; diabetes
azadirachtin, 22,23-dihydro-233- [39]; cold and cough [13]; eczema [9]; worm,
methoxyazadirachtin and 3-tigloylazadirachtol [81] chicken pox, eczema, itches and helminthiasis
[51]; allergy [40]; blood poisoning, itches and
eczema [49]; ltches and ringworm [82];
toothache, skin disease and insecticide [12];
itches [55]; itches [50]; chicken pox and measles
[35]; chicken pox, high blood pressure, gastritis,
flatulence, jaundice, vomiting and malaria [34];
skin disease [10]; pain, wound healing, small
pox, eczema, skin disease, fever and cough [72];
insecticide, diabetes, fever, skin diseases, piles
and malaria [7]
Calotropis Lupeol [83]; isorhamnetin-3-O-rutinoside, Rheumatic pain Rheumatism [13]; Elephantiasis, emollient, pain,
gigantea isorhamnetin-3-O-glucopyranoside and boils and abscess [54]; rheumatism [12]; wounds,
taraxasteryl acetate, isorhamnetin-3-O-[2-O-3- paralysis and erectile dysfunction [55]; pain [50];
Dp-galactopyranosyl-6-O-a-L-rhamnopyranosyl]- pain [35]; gout, toothache, rheumatic pain and
-p-glucopyranoside [84] catarrh [34]; rheumatism [71]; constipation, fever
and stomach disorder [72]; cough, asthma and
rheumatism [7]
Calotropis 5-Hydroxy-3,7-dimethoxyflavone-4"-O-3- Asthma, snake bite Rheumatism [13]; piles [51]; diabetes [7]
procera glucopyranoside, 23,19-epoxy-3(3,143-dihydroxy-
19-methoxy-5a-card-20(22)-enolide and (-
anhydroepidigitoxigenin-3p-O-glucopyranoside,
along with two known compounds, uzarigenine
and B-anhydroepidigitoxigenin [85]; calotroprocerol
A, calotroproceryl acetate A, calotroprocerone A
and calotroproceryl acetate B [86]
Cassia Catechin [87]; 1, 8- dihydroxyanthraquinone-3- Jaundice, dysentery Helminthiasis, cough and nervous weakness [8];
fistula carboxylic acid [88] constipation [39]; skin disease and jaundice [13];
fever [11]; coughs, helminthiasis, diabetes,
irregular urination, edema, and constipation [54];
tonsillitis, constipation and rheumatic pain [89];
constipation [52]; constipation [12]; diarrhea,
dysentery and piles [34]; diarrhea [71]; dysentery
and constipation [7]
Centella Asiaticoside G, five triterpenoids, asiaticoside, Conjunctivitis, dysentery, Diabetes [44]; dysentery, wounds, burns, and
asiatica asiaticoside F, asiatic acid, quadranoside 1V, and impotence, asthma skin lesion [8]; dysentery [13]; syphilis and ulcer
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Table 6 Comparative ethnobotanical uses of selected species among the Pangkhua and wider Bangladesh (Continued)

Scientific Documented secondary metabolites Ethnomedicinal application(s)  Previous ethnomedicinal

name in phytochemical studies among the Pangkhua® report in Bangladesh
20,30,63-trihydroxyolean-12-en-28-oic acid 28-O- [9]; dysentery, eczema and headache [51];
[a-L-rhamnopyranosyl-(1—4)-3-p-glucopyranosyl- dysentery [40]; dysentery and diarrhea [89];
(1—6)-B-D-glucopyranosyl] ester, and four stomach pain and flatulency [82]; spermatorrhea
flavonoids, kaempferol, quercetin, astragalin, and [56]; dysentery and fever [12]; dysentery and
isoquercetin [90] intestinal dysfunction [55]; dysentery [50];

vomiting, dysentery, diarrhea and dehydration
[35]; fever, pyorrhea, impotence, gastritis and
jaundice [34]; pain and dysentery [71];
hypertension, wounds, burns and skin lesion [72];
fever, loss of smell and taste, carbuncles and
dysentery [7]; conjunctivitis [91]

Curcuma Curcuminoids [92] (Revathy 2011), curcumin, Eczema, dysentery, coughs, Diarrhea and flatulence [8]; joint pain and blood
longa demethoxycurcumin, bisdemethoxycurcumin, cold, fever, laxative purifier [13] blood disease [9]; abscess and
ar-turmerone and curlone [93] eczema [51]; bone fracture and helminthiasis

[57]; pain [49]; itches and ringworm [82]; skin
disease [12]; bone fracture and sex stimulant
[55]; cough and eczema [34, 71]; diarrhea and
flatulence [72]; scabies, malaria, chicken pox and
blood purifier [7]; dysentery [94]

Justicia Vasicoline, vasicolinone, vasicinone, vasicine, Bronchitis, high blood Intestinal disorder, pneumonia, cough, scabies

adhatoda adhatodine, and anisotine [95] pressure and skin disease [8]; coughs [39]; cough, cold,
asthma and chest pain [9]; helminthiasis,
diarrhea and constipation [11]; malaria, cough
and cold [54]; cold and cough [40]; cough [49];
skin infections [82]; cough [12, 34, 50, 55, 71];
skin cancer, cough and pain [35]; cough and
fever [10]; cough, pneumonia and asthma [72];
asthma and cough [7]; bronchitis [96]

Ocimum [16-Hydroxy-4,4,10,13-tetramethyl17-(4-methyl- Cough and colds Diabetes [44]; fever, cold and cough [13]; cough
sanctum pentyl)-hexadecahydro-cyclopentalalphenanthren-3- and cold [54]; cough and fever [51]; cold and
one [97] cough [40]; rheumatic pain [56]; cough and
pneumonia [12]
Phyllanthus  Gallic acid, methyl gallate, corilagin, furosin, Gastritis, high blood Diabetes [44]; allergy and gastritis [8]; anemia
emblica and geraniin [98] pressure [39]; dysentery, anemia and pain [13]; insomnia

[9]; aphrodisiac, energizer and fever [54]; burning
sensation, vomiting, cough, indigestion and
jaundice [51]; fever and malaria [40]; bleeding
from gums, loss of appetite and headache [82];
paralysis [56]; stimulant [15]; diuretic, tonic,
laxative and gastritis [12]; intestinal dysfunction
and blood purifier [55]; abdominal gas and fever
[35]; urinary tract infection and hysteria [71];
edema, constipation and gonorrhea [72]

Saraca Lyoniside, nudiposide, 5-methoxy-9-3-xylopyranosyl-  Diarrhea, leucorrhoea Irregular menstruation [12]; ulcer, piles,
asoca (—)-isolariciresinol, icariside Es, schizandriside, () dyspepsia, dysentery and stomachache [72]
-epicatechin, epiafzelechin-(43—8)-epicatechin
and procyanidin B [99]

Senna alata  Kaempferol and kaempferol 3-O-gentiobioside Ringworm and eczema Skin disease and scabies [8]; skin disorder and
[100]; 3,5,7 4-tetrahydroxy flavone [101] eczema [39]; skin disease [13]; eczema [9];
ringworm and eczema [11]; ringworm, eczema,
itch, scabies and skin disease [54]; eczema
[7, 35, 51, 71, 82; skin infection [52]; skin
disease [12]

Solanum Chlorogenone and neochlorogenone [102]; Gastritis, fever Urinary problems, sores and fever [13];
torvum solanolide 6-O-[a-L-rhamnopyranosyl-(1—3)-O-3- gastritis and toothache [7]
Dp-quinovopyranoside], solanolide 6-O-[(3-p-
xylopyranosyl-(1—3)-O-B-p-quinovopyranoside],
yamogenin 3-O-[(3-D-glucopyranosyl-(1—6)-O-3--
glucopyranoside] and neochlorogenin 3-O-[3-D-
glucopyranosyl-(1—6)-O-3-p-glucopyranoside] [103]

Tamarindus ~ Proanthcyanidins, procyanidins [104]; furfural, Cough, dysentery and Diabetes [44]; sinusitis and chronic cold [8];
indica palmitic acid, oleic acid and phenylacetaldehyde [105] diarrhea urinary problem, cold and fever [13]; burning
sensation and heart disease [51]; chicken pox,
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Table 6 Comparative ethnobotanical uses of selected species among the Pangkhua and wider Bangladesh (Continued)

Scientific
name

Documented secondary metabolites
in phytochemical studies

Ethnomedicinal application(s)
among the Pangkhua®

Previous ethnomedicinal
report in Bangladesh

Terminalia
chebula

Chebulagic acid [107]; gallic acid, punicalagin,
isoterchebulin, 1,3,6-tri-O-galloyl-3-p-
glucopyranose, chebulagic acid and chebulinic
acid [108]

Zingiber
officinale

cis- and trans-6-shogaol, 8-shogaol, 10-shogaol,
12-shogaol and syn- and anti-methyl-6-shogaol,
methyl-8-shogaol, methyl-10-shogaol [110]

Gastritis, pain during
menstruation, asthma,
bronchitis

Food additive, stimulant,
abdominal problems, laxative, stomachache [13]; allergy [9]; fever and
dyspepsia, dysentery and
vomiting, coughs, bronchitis,
asthma and tuberculosis

boils, rheumatism and laxative [12]; respiratory
difficulties and bone fracture [50]; conjunctivitis,
pain and excessive menstruation [34];
constipation and jaundice [72]; constipation,
loss of appetite, diarrhea, chronic fever and
dysentery [106]

Diabetes [44]; constipation and vomiting [8];
purgative and cardiac disease [13]; aphrodisiac,
energizer, fever and body ache [54];
constipation, indigestion, rheumatism and
urinary disease [51]; fever and malaria [40];
toothache, body pain and skin diseases [49];
bleeding from gums and loss of appetite,
headache [82]; stimulant [15]; constipation [12];
indigestion, vomiting, constipation and intestinal
dysfunction [55]; loss of appetite [50]; sore throat
and cough [35]; cough [34]; constipation, ulcer,
and edema [72]; gastritis [109]; asthma, heart
disease, eye disease, itches and night
blindness [91]

Cough, stomachache and gastritis [8];

bronchitis [51]; abdominal pain [12]; depression
and itches [50]; sore throat and cough [35];
indigestion and cough [34]; cough, stomachache,
gastritis and vomiting [72]; flatulence, gastritis,
carminative, abdominal pain, coughs and colds
[7]; edema, asthma, chest diseases, and

vomiting [111]

New uses of these plants documented among the Pangkhua are highlighted in bold

environment. A majority of the indigenous communities
we studied live in forest areas, and there have been se-
curity risks due to rebel movement in these areas. It is
risky to carry valuable field equipment like cameras, re-
corders, etc. Route access was limited to foot traffic.
Language barriers were encountered, as most partici-
pants did not speak the national Bangla language requir-
ing the use of interpreters. Seasonal variation is an
important factor in the collection of voucher specimens,
as in the rainy season it is difficult to both access and
dry the specimens, while in the dry season the aerial
parts of many plants have withered, coupled with the
clearing of forest areas for cultivation during that period.

Indigenous peoples are sometimes unwilling to share
their knowledge of medicinal plants with others, specif-
ically the Bangali (Bangladeshi). They maintain the se-
crecy of medicinal plant use because there is a belief
among them that the medicines lose their efficacy if too
many people know of them, and additionally, they may
be conscious about economic losses [48]. There may also
be resistance to allowing themselves to become the sub-
ject of study by outsiders [48]. Therefore, potential infor-
mants must be encouraged using several techniques.
Firstly, emphasis must be given to help them understand
that shared information will be preserved for the benefit
of their children and future generations. As their

children are less frequently adopting the role of healers,
without documentation, much knowledge of medicinal
plants may disappear forever.

Research highlights

1. The present study revealed that the Pangkhua
community depends on a variety of ethnomedicinal
plants to treat various diseases.

2. Local herbalists are predominantly aging men and
women, and the Pangkhua younger generation lacks
interest in following the traditional role of the
healer.

3. While in many cases, the plants utilized by the
Pangkhua are documented in allied literature, their
preparation, mode of use, and clinical indication
often differ from that of other indigenous
communities.

4. The information compiled herein constitutes a rich
knowledge source for taxonomists, phytochemists,
environmentalists, pharmacists, and allied
professionals.

Conclusions
It can be concluded that the Pangkhua indigenous com-
munity of the Rangamati district of Bangladesh possess
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rich ethnomedicinal knowledge, as they use many medi-
cinal plant species in their healthcare system. The nov-
elty of this study is that 12 ethnomedicinal plant species
have been recorded with new uses, and 6 of these spe-
cies have never been screened pharmacologically. The
traditional plants utilized have in some cases been vali-
dated scientifically by isolation of active ingredients, thus
showing that traditional remedies are an important and
effective part of indigenous healthcare systems in the
district. Our findings will be helpful to ethnobotanists
and phytochemists for conducting research into the iso-
lation of active principles from these species. The preser-
vation of these plant species is the gateway toward
developing efficacious remedies for treating disease. En-
hancing the sustainable use and conservation of indigen-
ous knowledge of useful medicinal plants may benefit
and improve the living standards of poor people. Hence,
it is necessary to document the indigenous knowledge of
useful plants and their therapeutic uses before they are
lost forever.

Additional files

Additional file 1: Group interview. There were 28 Pangkhua people
present while we were conducting an interview about ethnomedicinal
plant usage. We considered all 28 Pangkhua people as informants, due
to each person having some knowledge regarding ethnomedicines. (TIF
6452 kb)

Additional file 2: List of 218 informants in the study, alongside their
demographic characteristics (traditional healers highlighted in red). The
detailed descriptions of all 218 informants, including their age, sex,
location, education, and occupation were documented from the studied
areas. (XLSX 19 kb)
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