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HOST RANGE, DAMAGE EXTENT AND LEAF CONSUMPTIONS BY
THE BAGWORM, THYRIDOPTERYX EPHEMERAEFORMIS HAW.
(LEPIDOPTERA: PSYCHIDAE) IN BANGLADESH

MD. MOHASIN HUSSAIN KHAN
Department of Entomology, Patuakhali Science and Technology University,
Dumki, Patuakhali-8602, Bangladesh.

Abstract

Bagworm, Thyridopteryx ephemeraeformis Haw. (Lepidoptera: Psychidae) is a
polyphagous pest in Northern America and southern Australia, causing severe damage to
several host plants. A study was conducted to record the host plants, damage extent, and
morphometrics of bagworms in Patuakhali Science and Technology University (PSTU)
from 2015 to 2018. Results revealed a limited number of host plants for bagworm namely
guava (Psidium guajava), arborvitae/juniper (Thuja standishii), rangan or jungles,
geranium (Ixora grandiflora/lxora coccinea), mussaenda (Mussaenda philippica),
cropperleaf (Acalypha wilkesiana “‘Ceylon), henna (Lawsonia inermis), mango
(Mangifera indica), pomegranate (Punica granatum) and betel nut (Areca catechu). The
length of tiny larvae, fully-grown larvae, pupa, adult winged male moths, and wingless
adult maggot-like females was 1.02 mm, 24.8 mm, 14 mm, 15 mm, and 48 mm,
respectively. The average length of the bag was 24.7 mm with a range of 21-28 mm, and
the average breadth in the middle of the bag was 6.9 mm with a range of 6-8 mm. The
highest number of larval cases per branch was found in guava (56), and the lowest was in
copperleaf (8). The highest percent of leaf damage (86.23%) per plant was also observed
in the guava plant, and the lowest percent of leaf damage (37.46%) was in copperleaf.
The highest number of infested leaves and bags per leaf was observed in the lower
stratum of the guava branch, while the lowest infestation was in the top stratum. The
highest percentage of leaf area (30%) damage was recorded 72 hours after release (HAR),
and the lowest percentage of leaf area (10%) damage was at 24 HAR in guava. The
maximum amount of leaf was consumed by bagworm larva at 72 HAR and the minimum
amount was consumed at 24 HAR in guava. The maximum leaf area (13.46 cm?)
consumption was recorded at 72 HAR, while the minimum amount (3.42 cm?) was
consumed at 24 HAR. No significant damage by T. ephemeraeformis was observed in the
case of mango, pomegranate, and betel nut plants.

Key words: Bagworm, Damage extent, Host plant, Leaf Consumption, Thyridopteryx
ephemeraeformis
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Introduction

The Bagworm, Thyridopteryx ephemeraeformis (Haworth) (Lepidoptera: Psychidae), is
native to Pennsylvania, USA a serious pest of many trees and shrubs of a deciduous and
evergreen group. The alternate names of this bagworm are eastern bagworm, evergreen
bagworm, common basket worm, common bagworm, or North American bagworm due
to feeding on plant species of different groups. Psychidae family has approximately 1,000
species (Rhainds et al., 2009), in which all species’ larvae are concealed in a bag, and
most species have wingless adult females. The larval stage of T. ephemeraeformis is
reported to feed on over 125 different plant species consisting of 50 families (Hoover,
2000; Moore and Hanks, 2004; Rhainds et al., 2009). Its populations may build up very
rapidly and become serious pests due to its potential to cause damage. It spreads slowly
because the female has no wings; however, it can move to other host plants by crawling
and spreading through infested nursery stock (Mazzey and Masiuk, 2013). Evergreen
plants such as arborvitae (Thuja spp.), fir (Abies spp.), hemlock (Tsuga spp.), juniper
(Juniperus spp.), southern red cedar (Juniperus silicicola), pine (Pinus spp.) and spruce
(Picea spp.); Hosts such as honey locust (Gleditsia triacanthos), black locust (Robinia
pseudoacacia), sweetgum (Liquidambar styraciflua) and sycamore (Platanus
occidentalis) and like ornamental conifers, box elder, cedar, cypress, elm (Ulmus spp.)
are stated as Deciduous plants, fruit and nut trees, live oak (Quercus virginiana), maple
(Acer spp.), Indian hawthorn (Raphiolepis indica), ligustrum (Ligustrum japonica),
viburnum (Viburnum spp.), persimmon, salt, sumac, wild cherry, willow (Salix spp.)
serve as host plants for bagworm species (Mazzey and Masiuk, 2013). At the initial stage,
feeding by larvae on evergreen trees causes brown and unhealthy branch tip damage
(Baxendale and Kalisch, 2009). Severe infestation can destroy the aesthetics and health of
host plants (Ellis et al., 2005; Ellis et al., 2005; Rhainds and Sadof, 2008).

During summer, larvae of T. ephemeraeformis can cause severe defoliation that leads to
the death of evergreen plant species. Larval development of T. ephemeraeformis occurs
in localized infestation as they move only a few distances from their original host plant
and results in maximum population density in some plants, while adjacent plants may
have very few bagworms. This type of dispersal also led bagworms in spreading out in
the host plant and showed a high population of the bagworm year after year (Rhainds and
Sadof, 2008). After selecting a suitable host, the larva starts feeding and incorporating
materials foe preparing bag such as pieces of twigs, leaves, and silk into its bag (Peterson,
1969). The spindle-shaped silk bag camouflaged with bits of foliage, bark, and other
debris materials is formed by this pest (Shetlar, 2010). In whole larval instars, the larva
increases its bag size because of growing and can live long periods without taking food
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during the later stages of its development (Rhainds et al., 2009). Completed bags range
from 37.5 to 62.5 mm long (Shetlar, 2011). The mature caterpillar is about 25 mm long
and takes up to 4 months to develop, depending on temperature (Rhainds et al., 2009).
Larva attaches its bag firmly with a thick silken strand to its host plant or disperse to
another structure. Before moulting and pupation, the bagworm seals the frontal part of the
bag (Leonhardt et al., 1983). The common bagworm caterpillar develops through seven
instars before transforming into a pupa (Rhainds and Sadof, 2008). Immature caterpillars
feed on the upper epidermis leaving small brown spots upon foliage. Mature caterpillars
consume whole leaves of susceptible deciduous plant species, leaving only the larger
veins (Baxendale and Kalisch, 2009). Recently the bagworm, T. ephemeraeformis has
become a serious problem at PSTU campus because of damaging guava, thuja, mussenda,
ixora plants, nuts, and palms. The Sharupkathi variety guava plants are seriously infested,
and no fruiting occurrs in attacked plants. Many thuja plants have already died due to the
attack of bagworms. So far, this insect, its host range, and its damage extent has not been
reported yet in Bangladesh. Hence, the aims of the study were to know the host range,
damage extent, and morphometrics of bagworms.

Materials and Methods

Location and duration of the study: Studies were conducted at the PSTU campus from
January 2015 to October 2018.

Data collection procedure: The bagworms and damaged parts of the infested host plants
were observed and collected at weekly interval. Before collecting samples, the infested
plant was divided into three strata, lower, middle, and top. Ten infested leaves per branch
of each stratum were collected, and the number of bags per branch was recorded. The
number of holes per leaf from 10 infested leaves of guava, rangan, mussenda, copperleaf,
and henna was also recorded. Bagworms were identified by cone-shaped bags, which
were made of silk and bits of leaves and twigs (Plate 1). The exterior part of early larval
stages is shiny black, and the undersides of their body are dull amber. The mature
bagworms are a dull, dirty, and grey, with darker markings towards the head (Plate 2).
The adult male transforms into a moth that can fly, but females do not transform into
moths but remain inside the bag, which looks maggot having no functional eyes, legs,
mouthparts, or antennae. Immature stages of bagworms, known as caterpillars, having
chewing mouthparts (Plate 3).
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Morphometric study: The length and breadth of tiny larvae, fully-grown larvae, pupa,
adult winged male moths and wingless adult maggots like female bagworms (Plate 4) and
bags were measured by using a scale (Plate 5).

Leaf area consumption: The collected specimens were kept in a polybag and then
processed, mounted, and labeled for studying leaf area consumption. The damaged area
of the guava leaf by the larva was assessed under laboratory condition. Thirty leaves
consisting of 10 per replication were used in leaf consumption. Leaf consumption by
bagworm larvae was measured by leaf area meter at 24, 48, and 72 hours after the release
of the larva. Leaf consumption based on weight was measured at 24, 48, and 72 hours
after the release of larva. During foliage feeding, the larvae emerged from the top of the
bag and hung onto the host plant with a silken thread and their legs. The lower end of the
bag remains open to pass out fecal materials or frass from the body.

Plate 1. Rearing of bagworm on the henna plant in glass jar and petri dish. A. Leaf case moth. B.
stick case and leaf case moths, C. Leaf case moths.
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Statistical analysis: WASP 1.0 (Web-based Agricultural Statistical Package) software
and Excel program were used to analyze data.

Plate 2. Different stages of bagworms with their case. A. Male. B. Male. C. Female. D. Mature
Larva. E. Pupa. F. Larva inside the soft bag. G. Pupa inside rough bag

Plate 3. Adult male (left) and adult female (right). (Source: Shetlar, 2010).
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Plate 4. Bagworm eggs. (Source: Shetlar, 2010).

Plate 5. Measurement of bag made by bagworm

Results and Discussion

Host range: Host plants infested by bagworm, T. ephemeraeformis were identified as
guava (Psidium guajava), arborvitae/juniper (Thuja standishii), rangan or jungle
geranium (Ixora grandiflora/l. coccinea), mussaenda (Mussaenda philippica),
cropperleaf (Acalypha wilkesiana ‘Ceylon), henna (Lawsonia inermis), mango
(Mangifera indica), pomegranate (Punica granatum) and betel nut (Areca catechu)
(Table 1) in PSTU campus. Numerous plants such as evergreen trees, broadleaf, and
shrubs like arborvitae and other ornamental conifers, cedar, cypress, box elder, elm fruit,
nut trees, maple, locust, juniper, live oak, persimmon, salt cedar, sumac, sycamore, wild
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cherry, willow, and many other ornaments served as bagworm host plants (Baxendale and
Kalisch, 2009; Mazzey and Masiuk, 2013).

Table 1. List of host plants infested by bagworm, T. ephemeraeformis.

Sl. No. Common name Scientific name Family

1 Guava Psidium guajava Myrtaceae

2 Arborvitae/Juniper/Thuja Thuja standishii Cupressaceae
3 Rangan or jungle geranium Ixora grandiflora/l. coccinea  Rubiaceae

4 Mussaenda Mussaenda philippica Rubiaceae

5 Copperleaf Acalypha wilkesiana Euphorbiaceae
6 Henna Lawsonia inermis Lythraceae

7 Mango Mangifera indica Anacardiaceae
8 Pomegranate Punica granatum Lythraceae

9 Betel nut Areca catechu Arecaceae

Morphological characteristics and morphometrics of T. ephemeraeformis

The tiny larva was 1.02 mm long. The length and breadth of full-grown larvae were 24.8
mm and 4.8 mm, respectively, which appeared medium to dark brown. The length and
breadth of the pupa were 14 mm and 5 mm, respectively, which appeared dark brown to
black. The adult male moth was a hairy and charcoal-black body with feathery antennae.
The length and breadth of the male moth were 15 mm and 5 mm, respectively. The wings
of the male moth were membranous or clear having a length of 12.5 mm and a breadth of
6.5 mm while the length and breadth of female moth were 48 mm and 8 mm, respectively
(Table 2). The results are supported by Peterson (1969); Rhainds and Sadof (2008).

Morphometrics of bag formed by bagworm larvae

The length and breadth in the middle of the bag formed by the full-grown larva of the
bagworm are presented in Table 3. The average length of the bag was 24.7 mm, with a
range of 21-28 mm and standard error of 0.667. The average breadth in the middle of the
bag was 6.9 mm, with a range of 6-8 mm and a standard error of 0.179.
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Table 2. Morphological characteristics, length and breadth of T. ephemeraeformis.

Stages of Morphological characteristics Size of bagworm
bagworm Length (mm) Breadth (mm)
Egg Smooth, cylindrical in shape, covered by tuft- - -

like waxy layer.

Tinylarva  Tiny long caterpillars attached themselves on
silken threads to new leaf and make a very

small conical shaped bag which they bear 1.02 i
upright as they move
Full-grown  The posterior part of the caterpillar was
larva medium to dark brown, with dorsal part of the
within a first 3 segments are white to yellow with a 248 48
bag dark brown pattern. Caterpillar  developed ' '
through 7 instars before it transformed into a
pupa
Pupa Dark brown to black pupa remained inside the
bag. The duration of pupal period was 7-10 14 5
days.
Adult Hairy and charcoal black body with feathery
winged antennae 15 5
male moth
Male wing ~ Wings were transparent or membranous 12.5 6.5
Adult Females were not transformed into moths, but
wingless remained concealed into the bag, which 48 8
maggot- appeared as maggot having no functional legs,

like female  eyes, antennae or mouthparts.

Table 3. Length and breadth of bag formed by the full-grown larva of bagworm

No. of observation Bag size formed by the larva
Length (mm) Breadth (mm) at middle
28
27
21
26
25
26
23
24
23
24
Mean 24.7
Range 21-28
SE 0.667 0.179
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Plate 6 Contd.



10 M.M.U. Khan

Plate 6. Bagworms and their damage on leaves of guava (A&B), thuja (C&D), rangan (E&F), mussaenda
(G&H), copperleaf (1&J), henna (K&L), and mango (M&N) at PSTU campus. A. Leaf case moth, B. Leaf
case moth, C. Cone case moth, D. Leaf case moth, E. Leaf case moth, F. Leaf case moth, G. Stick case
moth, H. Stick case moth, I. Cone case moth, J. Cone case moth, K. Leaf case moth, L. Leaf case moth,
M. Leaf case moth, N. Leaf case moth
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Damage symptoms and extent of the damage: The immature caterpillars fed on the
upper epidermal tissues leaving small brown spots on the foliages. Mature caterpillars
consumed whole leaves of host plants leaving only the larger veins. Sometimes major
leaf veins were also removed by mature caterpillars. Host plants were completely
defoliated when female bagworms were abundant in infested plants (Plate 6). Highly
infested thuja plants were died at the PSTU campus (Plate 7). The mature caterpillars
usually attached their bags to a branch by folding extra silk that didn’t spoil rpidly. This
silk made band may have girdled the branch of the host plant as it grows, resulted in dead
branches several years Shetlar (2010) supported this results, who explained that female
bagworms could not fly and local populations can build rapidly on an established
preferred host. Numerous caterpillars may eat the buds of attacked conifers, causing
branch dieback of the host plants. Moderate defoliation might be unsightly but excessive
defoliation of conifers may cause whole plant death during the next season.

Plate 7. Dead thuja plant as a result of bagworm infestation at PSTU campus.

Number of larval cases per branch: The highest number of larval cases per branch was
observed in guava (55.8), followed by thuja (38.4) and mussaenda (26.9) while the lowest
number of larval cases per branch was in copperleaf (8.3) followed by henna (14.9) and
rangan (18.2) (Fig. 1).



12 M.M.U. Khan

~
o
]

[<2]
o
1

55.8

1%
o
L

38.4

26.9
18.2
14.9
0 T T T T . T

Guava Thuja Rangan Mussenda Copperleaf Henna
Hosts

Number of larval case/ branch
N w B
o o o

=
o

Fig. 1. Number of larval cases per branch of selected host plants.

Percentage of leaf damage: The highest percent of leaf damage was observed in guava
(86.23%), followed by thuja (75.24%) and mussaenda (72.15%), and the lowest
percentage of foliage damage was in copperleaf (37.46%) followed by henna (42.45%)
and rangan (46.32%) (Fig. 2).
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Fig. 2. Percentage of leaf damage caused by bagworm larva in selected host plants.
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Number of holes per leaf: The highest number of holes per leaf was recorded in the guava
plant (7.75), followed by mussaenda (7.5), while the lowest number of holes per leaf was
in the copperleaf (4.5) plant, followed by rangan (Fig. 3).

9

3 | 7.75 7.5
= 7 6.5
B
3
[} J 4.5
= 5
< 4
(e
© 3
=}
< 2

1 Ll

0

Guava Rangan Mussenda  Copperleaf

Host plants

Fig. 3. Number of holes per leaf caused by bagworm larva in four selected host plants.

Number of infested leaves on guava: The highest number of infested leaves was observed
in the lower stratum (17.3), followed by the middle strata (6.3). The lowest infestation
was observed in the leaves of the top (2.5) stratum (Fig. 4).
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Fig. 4. Number of infested leaves at different strata of guava branch.
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Number of bags per leaf on guava: The highest number of bags per leaf (2) was observed
in the middle, and lower strata leave compared to the top (0.7) stratum (Fig. 5).

25 4

2
15
1-
0.5 -
0 - )

Top Middle Lower

Number og bag/leaf

Different leaf categories

Fig. 5. Number of bags per leaf formed by bagworm larvae on guava.

Percentage of leaf area damage in guava under laboratory conditions: The highest
percentage of leaf area (30%) damage was recorded 72 hours after release, followed by
48 hours (20%), and the lowest leaf area (10%) damage was at 24 hours after release
(HAR) (Fig. 6).
35% -
30% -

25% -

3
2

20% -
15% -

10%
10% -
5% -
0% - T

24H 48H 72H

Hour

Leaf area damage (%)

Fig. 6. Percentage of leaf area damaged by bagworm larva in guava under laboratory conditions.
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Leaf consumption in guava plant: Based on weight, the maximum quantity (0.43 g) of the
leaf was consumed by bagworm larva at 72 HAR followed by 48 HAR (0.27 g), and the
minimum quantity (0.13) was consumed at 24 HAR (Fig. 7). Similar trend was also
observed in case of area of leaf consumption. The maximum quantity (13.46 cm?) of leaf
area consumption was recorded at 72 HAR followed by 48 HAR (7.73 cm?), while the
minimum quantity (3.42 cm?) was consumed at 24 HAR (Fig. 8) (Plate 8).

0.45 043
0.4
035 -

- 027
0.25

0.2
0.15 - 013

0.1
0.05

0

24H 48H 72H

Hours

Leaf consumption (g)
=)

Fig. 7. Guava leaf consumption in weight by bagworm larva under laboratory conditions.
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Fig. 8. Area of guava leaf consumption by bagworm larva under laboratory conditions.

The present study’s findings are in conformity with Rhainds et al. (2009) who stated
that bagworms can eat on numerous various kinds of plants, and Thyridopteryx
ephemeraeformis can feed on over 50 families of deciduous and evergreen trees and
shrubs (Rhainds et al., 2009). As the caterpillars increase in size and shape, their feeding



16 M.M.U. Khan

Plate 8. Area of guava leaf consumed by different aged larvae of bagworms.

symptoms appeared as more visible and prominent due to their requirement for a higher
quantity of food sources (Baxendale and Kalisch, 2009). Due to enough food, they may
resident on the similar host plant as their mother causing significant damage (Rhainds
and Sadof, 2008). Woody plant can tolerate less than 10% damage on it by consumers
(Lemke et al., 2005), and as few as 4 bagworm larvae can cause a four-foot thuja to be
unmarketable for sale during the summer months (Sadof and Raupp 1987). The presence
of bagworms often remains unnoticed until they become mature and extensive damage is
appeared (Hoover, 2000).

Conclusion

Nine plants were recorded as hosts of T. ephemeraeformis for the first time in
Bangladesh. The fully-grown larva was longer than the pupa, while the wingless maggot-
like female was larger than the male moth. The leaves of guava, thuja, rangan,
mussaenda, henna, and copperleaf were found severely infested by bagworm larvae at the
PSTU campus. The highest infestation in respect of infested leaves, number of bags per
leaf, percentage of leaf area damage, and leaf consumption was observed in guava,
followed by thuja, which was the lowest in copperleaf.
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AN ETHNOBOTANICAL SURVEY OF MEDICINAL PLANTS
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Abstract

This study aimed to document the medicinal plants through semi-structured interviews,
key informant discussions, and informal conversations with local people in and around
the Dinajpur district, Bangladesh. A total of 109 medicinal plant species distributed in 60
families with 210 formularies to treat 55 ailments were recorded. The most frequently
utilized plant populations were herbs, followed by trees, shrubs, and climbers. Oral
consumption was the main mode of treatment in the study area and was followed by
external application. The highest factor of informant consensus (Fic) values was found in
heart disease, followed by diabetes, gastrointestinal disorders, skin disease, respiratory
disorders, sexual disease, and cuts and wounds. In the present survey, eight species have
attained a fidelity level of 100 percent (FI). Among the plants, 25 species have been used
to treat cardiovascular diseases. The most cited medicinal plants for cardiac management
are Terminalia arjuna (Roxb. ex DC.) Wight & Arn., Baccaurea ramiflora Lour.,
Dillenia indica L., Allium sativum L., Tamarindus indica L., Rauvolfia serpentina (L.)
Benth. ex Kurz., Terminalia chebula Retz., Phyllanthus emblica L., Averrhoa carambola
L. and Spondias pinnata (L. f.) Kurz. The ethnobotanical uses of the documented plants
provide basic data, and further investigation focusing on pharmacological research is
essential to confirm the results. Numerous threats to medicinal plants were identified
during the ethnobotanical survey in the study area. Some recommendations are provided
to mitigate the threats and the conservation of medicinal plants.

Key words: Ethnobotanical survey, Medicinal plants, Dinajpur District, Cardiovascular
disease, Threats, Conservation.

Introduction

Ethnobotanical studies are significant for discovering modern drugs from native
medicinal plant resources. There are appropriate sources of information about useful
medicinal plant species, which can be targeted for management and domestication
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(Njoroge et al., 2004; Mahmood et al., 2013). Dinajpur is the largest district among all
sixteen northern districts of the Rangpur division of Bangladesh. It is famous for
producing rice, lychee, and wheat and is highly rich in natural resources like coal.
Recently, according to the Geological Survey of Bangladesh (GSB), the presence of iron
reserves in the form of magnetite was found at Isabpur village in Hakimpur Upazila of
the district (GSB, 2019). Bangladesh is divided into distinct, culturally diverse areas.
Dinajpur is such one area where ethnic communities such as Santals, Oraon, Mahali,
Malpahari, and Kol live (Bangladesh Population Census, 2001). Cardiovascular diseases
(CVDs) are problems with the heart or blood vessels (Uddin et al., 2019; Olorunnisola
et al., 2011). CVDs are a variety of diseases, including peripheral vascular diseases,
coronary heart disease (CHD), heart failure, heart attack (myocardial infarction), stroke,
cardiomyopathies, dyslipidemias, and hypertension (Reiner et al., 2019). According to
the World Health Organization (WHO, 2017), an estimated 17.9 million people died from
CVDs in 2016, representing 31% of all global deaths. Of these deaths, 85% were due to
heart attacks and strokes. Bangladeshis had the highest prevalence of CVD risk factors
among five South Asian countries, with a prevalence of self-reported history of
hypertension (14.3%), abdominal obesity (43.3%), and current and former smoking
(59.9%) (Uddin et al., 2019; Joshi et al., 2007).

From the beginning of society, humans relied on plants to create a new field for
discovering of plant-derived drugs. These drugs effectively cure certain diseases and have
drawn attention to herbal medicines in a new way. Medicinal herbs continue to be an
alternative treatment approach for several diseases, including CVD (Shaito et al., 2020).
It is estimated that about 30% of pharmaceuticals are prepared from plant derivatives
(Leta et al., 2002; Gillman et al., 1995). Several research studies have been conducted to
discover the plants and natural food sources, the supplements of which have
antithrombotic (anticoagulant and antiplatelet) effects, and there is an indication that
consuming such foods leads to the prevention of coronary events and stroke
(Ratnasooriya et al., 2008; Joshipura et al.,1999; Liu et al., 2000).

In Bangladesh, a number of plants are known to possess cardioprotective properties,
resulting in their use by traditional healers for the treatment of chest complaints, high
cholesterol, high blood pressure, and general heart problems, which are the most common
symptoms of cardiovascular diseases. Although the beneficial effects of thrombolytic
therapy are now well established (Collen, 1996), the biochemical mechanisms of
thrombolytic therapy have been explained. The search for alternative therapies continues
because of availability, affordability, diversity, and easy access to natural resources. Due
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to their biological activities, plants may serve as alternative sources for developing new
anticoagulant agents (Uddin et al., 2019).

Ethnobotanical knowledge of medicinal plants needs proper documentation and
evaluation before declining from the natural source of the study area. To protect such
knowledge, documentation of ethnobotanical plants has already been started. In
Bangladesh, a number of research has been done in this field, focusing mainly on a
particular community or particular diseases or particular areas, such as Mia and Haque
(1988); Hassan and Khan (1986, 1996); Alam (1992); Alam et al., (1996); Uddin et al.,
(2001, 2006, 2012, 2017); Khan et al., (2002); Ghani (2003); Uddin and Hassan (2004);
Yusuf and Uddin (2006); Yosuf (2006); Uddin and Roy (2007); Roy et al., (2008);
Emily et al., (2010); Uddin (2013); Haque et al.,(2014); Uddin et al. (2015a,b). But there
is no record of ethnobotanical plant species useful for cardiovascular diseases in and
around the Dinajpur district. In order to document and corroborate ethnobotanical plant
species for cardiovascular diseases in and around Dinajpur district, an attempt was made
to achieve the following objectives: to record, assimilate, and document all scattered
distribution of traditional healthcare knowledge of medicinal plants, along with
discovering any threats to medicinal plants in the study area, and to focus the traditional
knowledge of medicinal plants for cardiovascular diseases.

Materials and Methods

Study area: The total area of Dinajpur district is 3437.98 km?, located between 25°10'
and 26°04' north latitudes and 88°23" and 89°18' east longitudes. It is bounded by
Thakurgaon and Panchagarh districts in the north, Gaibandha and Joypurhat districts in
the south, Nilphamari and Rangpur districts in the east, and the state of West Bengal,
India in the west. There are 13 Upazillas in the study area, where Birganj is the biggest
and Hakimpur is the smallest. The Singra Shal forest in Birganj Upazila has a vast
collection of plant resources. It is also a protected area in Bangladesh as a National Park.

Data collection: The study area was visited five times in different seasons from July 2018
to April 2019. Each field trip lasted five to eight days. Data on medicinal plants was
recorded in three ways, i.e., semi-structured interviews, key informant interviews, and
informal conversations with local people, including herbal practitioners. A total of 300
informants were interviewed using a questionnaire. Among them, 57% were male and the
rest, 43%, were female (Fig. 1). age ranged from 21 to 70 years old (Fig. 2).
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Fig. 1. Percentage of informants according to sex. Fig. 2. Number of informants in each age group.

Key questions about medicinal plants were on the local name of a medicinal plant,
particularly, types of disease treated, mode of treatment and method of preparation for
remedy, plant parts used, fresh or dry plant parts used, mode of administration, and
requirement for doses.

Collection and identification of the plant materials: According to the list, medicinal
plants were collected from fields, gardens, forests, and the habits of these plants were
documented. The collected plant specimens were pressed, dried, poisoned, mounted, and
processed using standard herbarium techniques (Hyland, 1972; Alexiades, 1996).

Data analysis: The factor of informant consensus (Fic) was calculated using the
following equation: Fic = Ny, — Ngwa/Ny-1, where Ny, is the number of use reports in each
category and Ny, is the number of species in each category (Heinrich et al., 1998). The
fidelity level was calculated following the equation: Fl (%) = (Np/N) 100, where Np is
the number of informants who claim to have used a plant species to treat a specific
disease and N is the number of informants who use the plants as medicine to treat any
given disease (Friedman et al., 1986). Cf values of medicinal plants were estimated by
Friedman et al. in 1986. Using a Microsoft Office Excel sheet, the data were summarized.
Descriptive statistical methods were applied for analyzing and summarizing the
ethnobotanical data, such as frequency and percentage.

Results and Discussion

The study has resulted in the recording of 109 medicinal plant species belonging to 60
families. The local people use these species to treat 55 ailments through 210 formularies
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in and around the Dinajpur district. For each species, scientific name, local name, family,
habit, part used, ailment, and treatment mode are provided (Table 1).

Table 1. Ethnobotanical data on medicinal plants and uses in the study area (S=Shrub, C=Climber,
H=Herb, T=Tree).

Scientific name  Local name Family Habit Parts use Ailments Treatment mode

Abroma augustum Ulotkombal Sterculiaceae S Leaf Jaundice Leaf juice is taken
(L) L. f.

Dysentery Juice is taken
Justicia adhatoda  Basak Acanthaceae S Leaf Cold treatment  Leaf is chewed
L.

Bronchitis Leaf juice is taken
with ginger and
honey

Aegle marmelos Bel Rutaceae T Fruit Dysentery Juice is taken twice
(L.) Corr. per day

Stomach Juice is taken

problem

Leaf Diarrhoea Leaf juice is taken

Albizia procera Koroi Mimosaceae T Leaf Skin disease Leaf paste is applied
(Roxb.) Benth. to the affected area
Allium cepa L. Piaz Liliaceae H Bulb Flu Juice is taken
Allium sativum L. Rosun Liliaceae H Clove Blood pressure Clove is eaten raw

Heart disease  2-3 cloves are eaten
Alocasia cucullata Biskachu  Araceae H Rhizome Body ache Cooked rhizome is
(Lour.) G. Don taken

Rheumatic pain Cooked rhizome is
taken

Aloe vera (L.) Aloevera  Aloaceae H Leaf Stomachache  Leaf juice is taken
Burm. f.

Weight loss Juice is taken

Hair treatment  Latex paste is
applied to hair

Alstonia scholaris Chatim Apocynaceae T Latex Ringworm Latex is applied to
(L)R.Br. the affected area
Amaranthus Lalsak Amaranthaceae H Leaf Blood purifier Cooked leaf is taken
tricolor L.

Blood pressure Cooked leaf is taken

Amorphophallus  Olkachu Araceae H Rhizome Rheumatic pain Cooked rhizome is
paeoniifolius taken

(Dennst.) Nicolson

Anacardium Bhela Anacardiaceae T Fruit Antiseptic Fruit juice is applied
occidentale L. to the affected area
Andrographis Kalomegh  Acanthaceae H Leaf Cold treatment Leaf is chewed

paniculata
(Burm.f.) Nees
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Scientific name

Local name Family

Habit Parts use Ailments

Treatment mode

Annona squamosa L.
Arachis hypogaea L.
Areca catechu L.

Aristolochia indica
L.

Artocarpus
heterophyllus Lamk.

Asparagus
racemosus Willd.

Averrhoa carambola
L.

Azadirachta indica
A. Juss.

Baccaurea ramiflora
Lour.

Bambusa tulda
Roxb.

Basella alba L.

Bombax ceiba L.
Borassus flabellifer
L.

Bryophyllum
pinnatum (Lamk.)
Oken

Cajanus cajan (L.)
Millsp.

Calotropis procera
(Ait) R. Br.

Careya arborea
Roxb.

Avristolochiaceae

Asclepiadaceae

O 4 x4

Fruit
Fruit
Fruit

Root
Fruit

Leaf
Root

Fruit

Leaf

Fruit

Stem
Leaf
Root
Young

apex
Leaf

Leaf
Leaf

Bark

Constipation
Ulcer
Anthelmintics
Heart disease
Stomachache

Dysentery
Nutritive

Skin disease
Gastric

Cold treatment

Heart disease
Diabetes

Skin disease
Jaundice
Heart disease

Anti-oxidant
Impotence

Wound

Impotence
Cough

Diabetes
Cold treatment

Cuts & wounds
Blood

dysentery
Jaundice

Ringworm

Weakness

Leaf juice is taken
Leaf juice is taken.
Juice is taken

Fruit is taken
Crushed fruit is taken

Root juice is taken
Fruit is eaten

Paste is applied

powdered root is
taken

Fruit is taken

Fruit juice is taken
Juice is taken

Leaf boiled water is
applied affected to
the area

Juice is taken
Fruit juice is taken

Fruit juice is taken
Cooked stem is taken

Leaf paste is applied
to the affected area

Root juice is taken
Juice is taken

Juice is taken
Juice is taken

Paste is applied
Juice is taken

Leaf juice is taken
Leaf paste is applied

over affected area
Bark juice is taken
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Scientific name

Local name Family

Habit Parts use Ailments

Treatment mode

Carica papaya L.

Cassia fistula L.

Catharanthus roseus
(L.) G.Don

Centella asiatica (L.)

Urban

Cinnamomum tamala
Nees & Eberm.

Citrus aurantifolia
(Christm. & Panzer)

Swingle

Citrus limon (L.)
Burm. f.
Clerodendrum
viscosum Pers.

Coccinia grandis (L.) Telakucha

Voigt

Caricaceae

Caesalpiniaceae

Apocynaceae

Apiaceae

Lauraceae

Rutaceae

Rutaceae

Verbenaceae

Cucurbitaceae

S

Fruit

Latex

Leaf

Fruit
Leaf

Leaf

Flower

Leaf
Leaf

Leaf
Leaf

Fruit

Fruit

Leaf

Root

Stem
Leaf

Gastric pain
Constipation
Constipation
Ringworm

Ringworm

Laxative
Diabetes

Diabetes
Diabetes

Brain tonic
Skin disease

Constipation
Asthma

Digestion
Cold
treatment

Vomiting
Vomiting
Toothache
Jaundice

Dysentery

Fever
Dysentery
Daud

Jaundice
Diabetes

Constipation

Diabetes

Boiled fruit is taken
Cooked fruit is taken
Raw fruit is taken

Latex is applied to the
affected area

Leaf paste is applied
to the affected area

Fruit is taken

Leaf juice is taken
twice per day
Leaf is chewed in
empty stomach

Flower chewed early
in the morning

Leaf chewed

Leaf paste is applied
to the applied area

Leaf paste is taken
Bud is eaten

Bud is eaten raw

Bud is boiled with tea
& then taken

Juice is taken.

Juice is taken
Juice is taken
Juice is taken

Leaf paste is taken

Leaf juice is taken
Leaf paste is taken
Root blended with
Zinger then the paste
is applied to the
affected area

Juice is taken

Leaf paste is taken

Leaf juice taken with
black cumin

4to5 leaves are
chewed in empty
stomach in the
morning
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Scientificname  Local name  Family Habit Parts use Ailments Treatment mode

Diabetes Paste taken with
boiled rice

Dysentery 1 glass of leaf juice is
taken

Jaundice 1 cup of juice is taken

Constipation  Leaf juice taken with
black cumin

Cocos nucifera L.  Narikel Arecaceae T Fruit Jaundice Water is taken

Colocasia Kochu Araceae H Leaf Brain tonic Cooked and taken

esculenta (L.)

Schott

Stem Brain tonic Cooked stem is taken

Coriandrum Dhonia Apiaceae H Seed Reducing Soaked in water then

sativum L. cholesterol water is taken

Crinum asiaticum  Birpiaj Liliaceae H Root Ring worm Root paste is applied

L. to the affected area

Cucurbita Lau Cucurbitaceae C Fruit Toothache Cooked fruit is taken

siceraria Molina

Curcuma longa L. Halood Zingiberaceae H Rhizome Blood purifier Juice is taken

Skin disease  Paste is applied to the
affected area

Cuscuta reflexa Swarnalota Cuscutaceae C Stem Jaundice Juice is taken

Roxb.

Deworming  Juice is taken

Cyperus rotundus  Gandhavadlu Cyperaceae H Leaf Diarrhoea Cooked leaf is taken

Dalbergia sissoo  Shishu Fabaceae T Leaf Dysentery Leaf juice is taken

Roxb.

Datura metel L. Dhatura Solanaceae S Leaf Paralysis Dried crushed leaf is
applied to the
affected area

Skin disease  Leaf paste is applied
to the affected area
Skin disease  Cooked leaf is taken

Daucus carota L.  Carot Apiaceae Root Heart disease  Root juice is taken

Dillenia indica L. Chalta Dilleniaceae Leaf Diarrhoea Leaf paste is applied
to the affected area

Headache Paste is applied to the
affected area
Leaf Tumor Paste is applied to the
affected area
Fruit Heart disease  Fruit juice is taken
Diospyros Gab Ebenaceae T Leaf Headache Leaf paste is applied

malabarica (Desr.)
Kostel.

to the affected area
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Scientific name Local name Family Habit Parts use Ailments Treatment mode
Bacopa monnieri Brammi Scrophulariaceae H Leaf Hair treatment Juice applied to hair
(L.) Pennell for hair growth
Eclipta prostata (L.) Keshoraj Asteraceae H Leaf Hair treatment Leaf paste is applied
Mant. to hair
Enhydra fluctuans ~ Helencha Asteraceae H Leaf Jaundice Juice is taken
Lour.
Ulcer Leaf juice is taken
Anti-oxidant  Cooked leaf is taken
Eye treatment Cooked leaf is taken
Ficus racemosa L.  Jogdumur Moraceae T Leaf Diabetes Cooked leaf is taken
Glinus oppositifolius Gemashak ~ Molluginaceae  H Leaf Blood Dried leaf is taken
(L) A.DC. pressure
Gloriosa superba L. Ulotchandal Lilliaceae o Root Stomachache Juice is taken
Leaf Head lice Paste is applied
Glycosmis penta- Motkilla Rutaceae S Leaf Diarrhea Juice is taken
phylla (Retz.) A. DC.
Stem Toothache Stem used as
brushing teeth
Root Skin disease  Paste is applied to
the affected area
Eczema Paste is applied to
the affected area
Hibiscus rosa- Joba Malvaceae S Leaf Dysentery Leaf juice is taken
sinensis L. internally twice a day
Liver disease Leaf soaked in water
at night then taken in
the next morning
Hair tonic Leaf paste is boiled
with oil and then
applied over hair
Flower  Hair fall Flower paste is
applied over head
Weakness Flower buds are
taken
Hyptis suaveolens ~ Tokma Lamiaceae H Seed Blood Seed is taken
(L.) Poit. pressure
Constipation ~ Seed is taken
Ipomoea aquatica  Kalmisak Convolvulaceae H Leaf Eye treatment Leaf is cooked
Forssk.
Lawsonia inermis L. Mehedi Lythraceae S Leaf Hair treatment Leaf paste is applied
to the affected area
Leucas aspera Dondokolosh Lamiaceae H Leaf Cold Juice is taken
(Willd.) Link treatment
Litsea glutinosa Menda Lauraceae T Leaf Diarrhoea Leaf juice is taken
(Lour.) Robinson
Bark Dysentery Bark soaked in water

is taken
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Scientific name Local name Family Habi Partsuse  Ailments Treatment mode
t
Lycopersicon Tomato Solanaceae H Fruit Heart disease Juice is taken
esculentum Mill.
Mangifera indica L. Aam Anacardiaceae T Fruit Stomach Fruit juice is taken
problem
Seed Reducing Crushed seed is
cholesterol taken
Leaf Teeth ache Chewed leaves
Dysentery Grinded and taken
in empty stomach
once per day
Heart disease  Young leaves are
eaten in empty
stomach
Diarrhoea Grinded and taken
in empty stomach
once per day
Stem Weakness Stem soaked water
is taken
Mentha arvensis L.  Pudina Lamiaceae H Leaf cold treatment Leaf juice is taken
Mikania cordata Assamilata Asteraceae o Leaf Cuts & Leaf paste is applied
(Burm. f.) Robinson wounds to the affected area
Diarrhoea Leaf juice is taken
Mimosa pudica L.  Lajjaboti Mimosaceae H Whole plant Blood purifier Decoction of the
whole plant is taken
Root Fistula Juice is taken
Leaf Toothache juice is taken
Moringa oleifera Sajna Moringaceae T Bark Gastric Crushed bark is
Lamk. taken
Body ache Juice is taken
Ulcer Bark paste is taken
Murraya paniculata Kamini Rutaceae T Leaf Toothache Leaf paste is applied
(L.) Jack
Musa acuminata Kola Musaceae H Latex Skin disease  Latex is applied to
Colla the affected area
Fruit Digestion Fruit is eaten
Flower Heart disease Paste is taken
Neolamarckia Kadam Rubiaceae T Leaf Rheumatic Heated leaf is
cadamba (Roxb.) pain applied to the
Bosser affected area
Nicotiana Tamak Solanaceae H Leaf Cuts & Leaf paste is applied
plumbaginifolia Viv. wounds
Nigella sativa L. Kalojira Ranunculaceae H Seed Liver control  Crushed seed is
taken internally
Ocimum Raamtulsi  Lamiaceae S Leaf Asthma Leaf juice is taken

gratissimum L.
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Scientific name

Family

Ailments

Treatment mode

Ocimum sanctum L. Tulshi

Oryza sativa L.

Paederia foetida L.

Persicaria
hydropiper (L.)
Spach

Phyllanthus emblica Amloki

L.

Senna alata (L.)
Roxb.

Piper betle L.

Psidium guajava L.

Punica granatum L. Dalim

Rauvolfia serpentina Sarpagandha

(L.) Benth. ex Kurz

Ricinus communis L. Verenda

Saccharum
officinarum L.

Saraca asoca
(Roxb.) de Wild.

Scoparia dulcis L.

Lamiaceae

Poaceae

Rubiaceae

Polygonaceae

Euphorbiaceae

Caesalpiniaceae

Piperaceae

Myrtaceae

Punicaceae

Apocynaceae

Euphorbiaceae

Poaceae

Caesalpiniaceae

Scrophulariaceae

Habit Parts
use
H Leaf
H Seed
Leaf
Leaf
T Fruit
H Leaf
C Leaf
T Leaf
Fruit
S Fruit
S Root
S Seed
H Stem
T Bark
H Leaf

Cold treatment
Cold treatment

Constipation
Ringworm

Tuberculosis
Diarrhoea

Diarrhoea

Skin disease

Toothache
Hair problem

Hair tonic

Heart disease
Ring worm

Skin disease
Bone ache

Dysentery

Nutritive
Heart disease

Heart disease

Blood purifier
Constipation

Jaundice
Anti-leukemia
Diabetes

Dysentery
Diarrhoea

Leaf is chewed

Leaf is boiled with
tea and then taken

Dried crushed leaf is
taken with raw honey

Leaf paste is applied
to the affected area

Leaf juice is taken

Powder is taken after
meal twice per day

Leaf juice is taken

Leaf paste is applied
to the affected area

Fruit juice is taken

Paste is applied on
hair

Fruit juice is boiled
with oil and then
applied on hair

Fruit juice is taken

Paste is applied to the
affected area

Paste is taken

Leaf paste applied to
the affected area

Young leaves are
eaten

Fruit is taken
Juice is taken

Powder is taken after
meal twice per day

Paste is taken
Seed oil is used

Juice is taken

Bark soaked in water
then taken in empty
stomach

Juice is taken
Juice is taken
Leaf juice is taken
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Scientific name Local name Family Habit Parts use Ailments Treatment mode
Sesamum indicum L. Til Pedaliaceae H Seed Skin disease  Oil is applied
Smilax macrophylla ~ Kumarilata Smilacaceae @~ C Leaf Stomach ache Leaf juice is taken
Roxb.
Solanum melongena  Begun Solanaceae S Fruit Reducing Boiled fruit eaten
L. cholesterol internally.
Solanum tuberosum L. Alu Solanaceae H Tuber Cuts & Paste is applied
wounds
Spondias pinnata (L. Amra Anacardiaceae T Fruit Blood pressure Fruit juice is taken
f.) Kurz
Syzygium cumini (L.) Kalojam Myrtaceae T Seed Diabetes Seed powder is taken
Skeels
Dysentery Seed powder is taken
Bark Toothache Decoction of bark is
taken
Seed Diabetes Seed paste is taken
Syzygium Jamrul Myrtaceae T Leaf Stomachache Juice is taken
samarangense
(Blume) Merr. &
Perry
Tagetes erecta L. Gada Asteraceae H Leaf Cut Juice is applied to the
affected area.
Flower  Dysentery Flower is taken
Tamarindus indica L. Tetul Caesalpiniacea T Fruit Blood pressure Fruit juice is taken
e
Terminalia arjuna Arjun Combretaceae T Bark Heart disease  Bark soaked water is
(Roxb. ex DC.) Wight taken in empty
&Arn. stomach
Heart disease  Powdered bark is
taken in empty
stomach early in the
morning
Heart disease  Bark mixed with
Amloki,Horitoki and
Bohera and then taken
in empty stomach
Gastric pain  Bark soaked water is
taken in empty
stomach
Chest pain Bark juice is taken
Terminalia bellirica  Bohera Combretaceae T Seed Skin disease  Seed oil is used
(Gaertn.) Roxb.
Fruit Diabetes Juice is taken
Terminalia chebula  Haritaki Combretaceae T Fruit Blood purifier Fruit soaked water is

Retz.

Gastro
intestinal
disorders

taken

Fruit soaked water is
taken
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Scientific name

Local name Family

Habit Parts use Ailments

Treatment mode

Tinospora crispa
(L) Hook. f. &
Thoms.

Streblus asper
Lour.

Vitex negundo L.

Zingiber officinale
Rosc.

Ziziphus
mauritiana Lamk.

Gulancha  Menispermaceae
Sheora Moraceae
Nishinda Verbenaceae
Ada Zingiberaceae
Boroi Rhamnaceae

C Stem
T Leaf
S Leaf
H Rhizome
T Leaf

Diabetes
Dysentery
anthelmintics
Diabetes
Insomnia

Cold treatment
Digestion
Gastric

Cuts &
wounds

Fruit juice is taken
Unripe fruit is taken
Juice is taken

Leaf juice is taken

Leaf is kept under
pillow

Boiled with tea then
taken

Taken with salt
before meal

Juice taken with salt.

Boiled water is
applied to the
affected area.

It was observed that medicinal plants recorded in the study area belonged to 60 families.
Among them, the maximum number of species belonged to 40 families and other species
to the families Fabaceae, Rutaceae, Araceae, Asteraceae, Apiaceae, Solanaceae,
Cucurbitaceae, Combretaceae, Myterceae, and Euphorbiaceae (Fig. 3).
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Family names of medicinal plants

Fig. 3. Medicinal plants used for medicinal purposes.
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Leaves were the most commonly utilized plant part with 43% application in traditional
medicinal recipes, followed by fruit (18%), root (7%), seed (7%), stem (5%), bark (4%),
rhizome (4%), latex (3%) , flower (3%) and others (flower bud, bulb, clove, tuber, whole
plant, young apex) 1% (Fig. 4).

= Leaf = Fruit
Root = Seed

= Stem = Bark

= Rhizome = Latex

4% Flower = Flower bud

= Bulb = Clove
Tuber = Whole plant
Young apex

Fig. 4. Plant parts used for medicinal purposes

Plant species were classified into four groups based on their habitat: herbs (37%), trees
(36%), shrubs (16%), and climbers (11%) (Fig. 5). It was observed that local healers use
herbs more than trees, shrubs, and climbers to cure different kinds of diseases; it may be
due to their easy accessibility, collection, fewer side effects, and abundance in the area.
Local inhabitants of the study area use different methods, i.e., juice, paste, crushed,
decoction, cooked, etc., to prepare a recipe for the treatment of various ailments. Out of
210 formularies, 71% were internal applications, and the rest (29% were external) (Fig.
6).

Climber
11% Externally
( 29%

Internally
71%
Tree
36% M Internally ®Externally
Fig. 5. Vegetation analysis of medicinal plants Fig. 6. Application mode of medicinal plants.

based on habit.

The informant consensus factor (Fic): To calculate Fic, the reported ailments were first
classified into 8 different disease categories based on their usage reports. Among the
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major disease categories, heart disease (more than 0.93) attained the highest Fic value
(Table 2).

Table 2. Values of the factor of informant consensus in the uses of medicinal plants among the

informants.
Disease  Ailments Most cited plants Nur Nixa FiC
category value
1 Heart disease ~ Terminalia arjuna (Roxb. ex DC.) Wight & Arn., Baccaurea 424 25  0.943
ramiflora Lour., Dillenia indica L., Allium sativum L.,
Tamarindus indica L., Rauvolfia serpentina (L.) Benth. ex
Kurz., Terminalia chebula Retz.,, Phyllanthus emblica
L.,Averrhoa carambola L.,Spondias pinnata (L. f.) Kurz
Diabetes Coccinia grandis(L.) Voigt 117 12 0.905
Gastro-intestinal Agle marmelos (L.) Correa 237 46  0.809
disorders
4 Skin disease Azadirachta indica A. Juss. 189 27 0.862
5 Respiratory Justicia adhatoda L. 136 22 0.844
disorder
Impotence Bombax ceiba L. 30 3 0.931
7 Cuts & wounds  Bryophyllum pinnatum(Lamk.) Oken 19 7 0.667
Others Centella asiatica (L.) Urban 172 32 0.819

Nu= The number of use reports in each category; Ntaxa =The number of species in each category;
Fic= Factor of informant consensus.

The fidelity level (FI) of the 21 most important plant species ranged from 35% to 100%.
Terminalia arjuna (Roxb. ex DC.) Wight & Arn., Baccaurea ramiflora Lour., Dillenia
indica L., Lycopersicon esculentum Mill., Tamarindus indica L., Lawsonia inermis L.,
Azadirachta indica A. Juss., Nigella sativa L. indicated 100% FI against heart disease,
blood pressure, hair treatment, skin disease, and liver control respectively (Table 3).

Citation frequency values varied from species to species, as indicated in Table 4.
Terminalia arjuna (Roxb. ex DC.) Wight & Arn. scored the highest Cf% value, meaning
that such species are very popular in the study and used to treat heart disease. Allium
sativum L., Dillenia indica L., Baccaurea ramiflora Lour., Tamarindus indica L,
Spondias pinnata (L. f.) Kurz, Rauvolfia serpentina (L.) Benth. ex Kurz, Terminalia
chebula Retz., Phyllanthus emblica L., and Averrhoa carambola L. were the most cited
species in the study area.

The therapeutic potential of herbs in the healthcare system is well known worldwide,
whether for a diseased state or for proper health maintenance (Malik, 2007). Herbs for
cardiovascular diseases such as congestive heart failure, systolic hypertension, angina
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pectoris, atherosclerosis, cerebral insufficiency, and arrhythmia have been prevalent since
ancient times (Ray and Saini 2021; Mashour et al., 1988).

Table 3. Fidelity level (FI) values of the frequently reported plants and their major uses.

Species Ailments Np N FI(%0)
Terminalia arjuna (Roxb. ex DC.) Wight &Arn. Heart disease 97 97 100
Baccaurea ramiflora Lour. Heart disease 21 21 100
Dillenia indica L. Heart disease 23 23 100
Lycopersicon esculentum Mill. Heart disease 13 13 100
Tamarindus indica L. Blood pressure 21 21 100
Lawsonia inermis L. Hair treatment 17 17 100
Azadirachta indica A. Juss. Skin disease 22 22 100
Nigella sativa L. Liver control 18 18 100
Averrhoa carambola L. Heart disease 16 17 94.118
Catharanthus roseus L. Diabetes 23 27 85.185
Coccinia grandis (L.) Voigt Diabetes 16 20 80
Ocimum sanctum L. Cold treatment 22 31 70.968
Syzygium cumini (L.) Skeel. Diabetes 11 18 61.111
Centella asiatica (L.) Urban Brain tonic 14 24 58.333
Allium sativum L. Blood pressure 27 49 55.102
Rauvolfia serpentina (L.) Benth. ex Kurz Blood pressure 19 36 52.778
Phyllanthus emblica L. Heart disease 16 31 51.613

Np= The number of informants who claim to have used a plant species to treat a specific disease; N= The
number of informants who use the plants as medicine to treat any given disease.

Table 4. Citation frequency of most cited medicinal plants.

Scientific name Local name Citation  Citation frequency
(Cf %)
Terminalia arjuna (Roxb. ex DC.) Wight & Arn. Arjun 45 15
Allium sativum L. Rosun 27 9
Dillenia indica L. Chalta 23 7.667
Baccaurea ramiflora Lour. Lotkon 21 7
Tamarindus indica L Tetul 21 7
Spondias pinnata (L. f.) Kurz Amra 19 6.333
Rauvolfia serpentina (L.) Benth. ex Kurz Sarpagandha 17 5.667
Terminalia chebula Retz. Haritaki 16 5.333
Phyllanthus emblica L. Amloki 16 5.333

Averrhoa carambola L. Kamranga 16 5.333
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Many ethnobotanical surveys have been carried out in the Dinajpur district of Bangladesh
(Rahmatullah et al., 2010, 2009; Rahman 2015, 2012; Jamal et al., 2012; Uddin et al.,
2006). None of these focused on ethnobotanical research in connection with the
cardiovascular plant. In Bangladesh, several plants are reputed to possess
cardioprotective properties, resulting in their use by traditional healers to treat chest
complaints, high cholesterol, high and low blood pressure, and general heart problems
(Uddin et al., 2019). There is compelling scientific evidence demonstrating that
consumping dietary anticoagulants or phytochemicals with anticoagulant properties can
ultimately reduce or eliminate the risks of thromboembolic diseases (Uddin et al., 2019;
Kumar et al., 2011; Lee et al., 2012; Manicam et al.,2010).

The present study revealed that 109 medicinal plant species were used for 55 ailments,
with 210 formularies by the local people of the study area. Among them, 25 species have
been used to treat cardiovascular diseases. These are Terminalia arjuna (Roxb. ex DC.)
Wight & Arn. Baccaurea ramiflora Lour., Rauvolfia serpentina (L.) Benth. ex Kurz,
Hyptis suaveolens (L.) Poit, Phyllanthus embelica L., Averrhoa carambola L.,
Amaranthus tricolor L., Glinus oppositifolius (L) Aug.DC., Enhydra flactuans Lour.
Spondias pinnata (L. f.) Kurz, Amaranthus tricolor L., Daucus carota L., Lycopersicon
esculentum Mill., Solanum melongena L., Musa acuminata Colla, Mimosa pudica L.,
Arachis hypogaea L., Mangifera indica (L), Curcuma longa L., Cuminum cyminum L.
and Punica granatum L. The most cited medicinal plant species for cardiac management
are Terminalia arjuna (Roxb. ex DC.) Wight & Arn., Baccaurea ramiflora Lour.,
Dillenia indica L., Allium sativum L., Tamarindus indica L., Rauvolfia serpentina (L.)
Benth. ex Kurz., Terminalia chebula Retz., Phyllanthus emblica L., Averrhoa carambola
L.

Terminalia arjuna (Roxb. ex DC.) Wight & Arn. was used to treat heartache in the study
area. It is used for the same purpose (Uddin et al., 2021, 2012; Uddin and Hassan, 2014)
and is also used for stomachaches, coughs, diabetes, menstruation, gastric pain, and
dysentery (Uddin et al., 2006, 2012, 2017; Islam et al., 2014; Uddin et al., 2015a, b)
reported from the different area from Bangladesh. Baccaurea ramiflora Lour. was used
for the treatment of heart disease and as an antioxidant. It has been shown to have
antioxidant properties (Uddin et al., 2021; Goyal et al., 2013; Ullah et al., 2012). The
plant was used for diarrhea, flatulence, gastric ulcer, ureterolithiasis, and jaundice
(Uddin, 2006). Dillenia indica L. was used to treat heart disease, diarrhoea, headaches,
and tumors. This plant was also used for jaundice, hair tonic, constipation, dysentery,
food poisoning, and cardiac weakness an general weakness (Uddin and Hassan, 2014;
Uddin et al., 2012; Uddin et al., 2015; Uddin, 2006). It has been reported for antioxidant
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(Abdille et al., 2005), antihyperlipidemic, and anti-diabetic (Kumar et al., 2011)
activities. Allium sativum L. has been used to treat heart disease, gastric problems, colds,
fevers, chest pain, high blood pressure, and ringworm (Uddin et al., 2015, 2017, 2019).
Tamarindus indica L. has been used to treat high blood pressure, diarrhea, dysentery,
appetizer, constipation, impotence, abscess, and jaundice (Uddin et al., 2012, 2015, 2017;
Khan et al., 2002). Rauvolfia serpentina (L.) Benth. ex Kurz. was used to treat high blood
pressure, hypertension, mental illness, stomach aches, and gastric ulcers (Islam et al.,
2014; Roy et al., 2008; Uddin et al., 2004). Terminalia chebula Retz. has been shown to
have antioxidant, antimicrobial, antidiabetic, hepatoprotective, anti-inflammatory,
antimutagenic, antiproliferative, radioprotective, cardioprotective, antiarthritic, anticaries,
gastrointestinal motility, and wound healing activity (Bag et al., 2013). Phyllanthus
emblica L. was used for heart disease (Uddin et al., 2021, 2019;Khatun and Rahman,
2018). Muthu et al. (2016) discovered that Averrhoa carambola L. has antioxidant
properties. Amaranthus gangeticus L. was used as a blood purifier (Uddin et al., 2015).
Curcuma longa L. has been reported as a blood purifier (Uddin et al., 2006). Sujarwo and
Keim 2019 reported that Spondias pinnata (L. f.) Kurz has a high antioxidant capacity.

Furthermore, Amaranthus gangeticus L., Glinus oppositifolius (L) Aug. DC., Musa
acuminata Colla, Mimosa pudica L., Arachis hypogaea L., Mangifera indica (L),
Cuminum cyminum L., Punica granatum L., Amaranthus tricolor L., Daucus carota L.,
Lycopersicon esculentum Mill., and Solanum melongena L. are also reported as medicinal
plants for the cardiovascular diseases in the study area by the local people.

In the course of the study, traditional healers such as Kabiraj (Medicine men) showed
their knowledge of the medicinal properties of plant species. The knowledge accumulated
by the tribal people, such as the Santal community and the local population, about disease
ailments is crucial to discover the latest drugs that can benefit human health. Also,
dosages and administration should be standardized with the latest scientific methods.
Currently, various developmental activities such as coal mining and stone lifting in
Phulbari Upazila are great threats to medicinal plants and their habitats (Uddin et al.
2006). The tribals like the Santal community have already converted themselves to other
religions, mostly Christianity, because of missionary activities. It gave them opportunities
to use modern medicine rather than traditional ones. Sometimes, many medicine men are
reluctant to go back to their roots.

From the observations, a variety of dangers to ethnomedicinal plants have been found via
field interviews and discussions with local people. The study area's surrounding
plantations of exotic timber species, including Dalbergia sissoo Roxb. and Eucalyptus
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camadulensis Dehnh, pose the greatest dangers. Another danger to locally grown
medicinal plants is the clearing of forests for constructing exotic monoculture plantations
in Phulbari Upazila. Several natural forest sections of the Upazila, Sal Forest and allied
species were replaced by Acacia spp. and Eucalyptus spp. plantations. Due to
fragmentation, edge effects, agricultural encroachment, and development activities, the
remaining Sal patches are in serious jeopardy.

Moreover, people are not particularly careful in cultivating resources, and care more for
ornamental, timber or fruit trees than important medicinal plants. They are starting to take
care of the plants in their roof gardens and even balconies. The availability of modern
medicine that encourages the local people to use it rather than herbal medicines found in
the study area is an additional threat to the medicinal plant. People who are elderly and
know herbs are not inclined to share their knowledge with children. In the event of the
sudden death of these individuals, the knowledge of herbal remedies in the area will
disappear forever.

The present work in the Dinajpur district is very preliminary. The record of these
medicinal plant species indicate rich ethnobotanical knowledge among the locals in and
around the Dinajpur district. This research could provide an immediate and efficient
strategy to investigate the effect of clot lysis on newly developed and known drugs. The
results currently reported by medicinal plants are fundamental, and further lengthy
studies are essential to verify these results. When conducting the study within the study
area, a number of dangers to medicinal plants were discovered and a few suggestions
were made to protect beneficial plants within the Dinajpur district. The latest scientific
discoveries for further study of bioactive components that could lead to the development
of new treatment options for cardiovascular diseases. Along with that, we must cultivate
awareness of the importance of medicinal plants among residents, developers, and
policymakers.
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Abstract

Plant-based hypoglycemic therapeutics have been increasing in consumption due to the
escalation of type 2 diabetes and its related complications. However, the safety of the
preparations is little understood. Parabens (alkyl esters of p-hydroxybenzoic acid) are
widely used as preservatives in these pharmaceuticals. However, the presence of
methylparaben in formulations raises anxiety due to its potential endocrine disruption
functions. Endocrine disruption could lead to undesirable health abnormalities and
carcinogenic, estrogenic, and adverse reproductive effects. The present investigation
directs toward estimating of methylparaben in some anti-diabetic herbal preparations
using UV- Vis spectrophotometric method abiding by International Conference on
Harmonization (ICH) guidelines for validation. The analytical wavelength of
methylparaben in methanol was determined and found at 256.5 nm. The method obeys
Beer’s law in the analytical range and has a good coefficient of determination (r’=
0.9881). The limit of detection (LOD) and limit of quantification (LOQ) were 0.19 ppm
and 0.57 ppm, respectively. Recoveries were 91.3-98.8% in analyte-free plant matrix and
91-105.8 % in a diluent. The coefficient of variation (CV%) varied between 0.005-
0.268% for different standards. Results of forty-eight anti-diabetic herbal preparations
showed methylparaben was detected in thirty-four samples in the range of 13.12 — 325.13
mg/day with a mean exposure value of 78.25 mg/day. However, none of the samples
raise concerns about safety (the safety ceiling for paraben is 420 mg/day). More
investigation is required to determine, whether the herbal drugs are safe to consume in
terms of methylparaben.

Key words: Methylparaben, UV-Vis spectrophotometric method, Safety assessment.
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Introduction

Prolonged shelf life is an indication of drug quality. Shelflife is affected by the
modification and degradation of a drug due to microbiological, enzymatic, or chemical
changes. Preservatives delay or restrict the process (Malik et al., 2010; Mahboubi et al.,
2014). However, they can exert an adverse health effect in excess (Andersen et al., 2019;
Soni et al., 2002; Nair 2001; Hannuksela et al., 1987; Juhlin 1981; Lahti et al., 1987,
Rademaker et al., 1989, Safford et al. 1990). The use of methylparaben in
pharmaceutical preparations as a preservative is common (Mahboubi et al., 2014). The
preservative hails from the alkyl esters of p-hydroxybenzoic acid (parabens), which are a
group of a homologous series of chemicals (Fig. 1). Properties of methylparaben like
broad activity against bacteria, yeasts, and molds, no apparent odor and taste and
chemical stability are thought playing a role behind their application in pharmaceuticals
as preservatives (Soni et al., 2002, Anderson et al., 2005; El Hussein et al., 2007). After
entering the body parabens quick absorption occurs in the gastrointestinal tract and blood
(Darbre et al., 2004; Darbre et al., 2008; Soni et al., 2001).

o) o)
N CH,

OH

Fig. 1. Chemical structure of methylparaben.

The osteogenic effect of paraben is not mysterious (Routledge et al., 1998). The effect
has an association with female breast cancer incidence and the development of male
reproductive system malignant melanoma (Tavares et al., 2009). Moreover, there are
estrogenic effects on children if they consume parabens through drugs (Prudal et al.,
2015). The concern is also raised about the safe use of parabens due to their potential
endocrine disruption properties in different in-vitro and in-vivo investigations (Miller
et al., 2001; Okubo et al,. 2001; Byford et al. 2002; Darbre et al., 2008; Boberg et al.
2010; Witorsch and Thomsa, 2010). Endocrine disruption coupled with reproductive
toxicity related to paraben raises the question about their widespread exposure, thereby
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attracting substantial attention by national and international regulatory authorities
(Toxicological evaluation of certain food additives with a review of general principles
and of specifications, 1974; Scientific Committee on Consumer Safety, 2011).
Regulatory authorities ask for data on the quantity of the preservatives in different drugs
and foods (CFR, 1999). Therefore, quantification of the analyte in finished drugs must be
required.

Rajshahi City is a northern metropolis of Bangladesh. Along with the increasing number
of diabetic patients, the consumption of anti-diabetic herbal preparations is increasing.
No herbal drug manufacturer provides information on its preservative status.
Consequently, the amount of consumption of parabens through herbal formulations has
yet to be discovered. If excess parabens are consumed through the preparation, then drug
safety could be breached, and an assessment of parabens is becoming mandatory.
Therefore, in the current investigation, an assessment of the safety of some anti-diabetic
herbal preparations in terms of methylparaben was conducted. Along with
chromatographic methods (Sohrabvandi et al., 2015; Baranowska et al., 2004; Can et al.,
2011; Yan et al., 2012; Ma et al., 2012), UV-Vis spectroscopic methods are common for
analyzing preservatives (Mahboubifa et al., 2010). An easy, accurate, and sensitive UV-
Vis spectrophotometric analytical method was used to determine paraben concentrations
in the herbal preparations. This study helps the local people and the scientific community.
The herbal manufacturers can also use the analytical procedure in their lab for routine
analysis of parabens.

Materials and Methods

Sample: In total, forty-eight anti-diabetic herbal preparations were procured from
different manufacturers, and finished formulations bearing drug administration
registration no (DAR No.) were chosen. The location of the manufacturing outlets shows
similar characteristics; the collection points were densely populated areas where
consumers purchased drugs from their close neighborhood, and the collection points also
acted as a junction through which mass movement of people takes place. When returning
home from the city, the consumers purchase drugs from the outlets. After collecting
samples from shops, they were taken to the research laboratory, Department of
Chemistry, University of Rajshahi, where information attached to the drugs (either in the
package insert or on the packaging wall) recorded in tabulated form. The drugs were then
blindfolded by coding to avoid bias before the assay (Table 1).
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Table 1. Sample information.

Sample Batch No. DAR No. Manufacturer Max. dosage/ day Unit drug wt.
Code (9)

1 1 U-038-A-033 1 2 cap 2 times 0.58
2 3 U-038-A-020 1 2 tab 2 times 0.56
3 11 U-038-A-094 1 3 cap 2 times 0.58
4 54 U-038-A-029 1 2 tab 2 times 0.41
5 81 U-038-A-028 1 2 tab 2 times 0.40
6 1 U-038-A-017 1 2 tab 3 times 0.57
7 4 U-038-A-021 1 2 tab 2 times 0.57
8 8 U-038-A-018 1 2 tab 1 times 0.57
9 1 U-038-A-100 1 4 cap 3 times 0.54
10 1 U-038-A-074 1 1 tab 2 times 0.96
11 6 H-82-A-61 2 2 tab 2 times 0.64
12 5 N/A 2 10 gm 3 times 0.62
13 5 H-82A-054 2 5 tab 3 times 0.59
14 8 H-47A-061 2 2 tab 2 times 0.66
15 6 003-02-94 2 2 tab 3 times 0.65
16 1 003-0002-94 2 2 cap 2 times 0.62
17 9 H-82A-039 2 2 cap 3 times 0.50
18 5 Ayu-210A-007 2 3 cap 2 times 0.46
19 14 H-82A-028 2 3 tea spoon 3 times 1.08
20 5 U19-A-128 3 2 tab 3 times 0.64
21 9 U-19-A-040 3 2 tab 2 times 0.63
22 5 U-19-A-219 3 1 cap 2 times 0.64
23 9 015-0005-94 3 1 cap 2 times 0.60
24 15 Ayu-78A-019 3 1 sachete 3 times 3.83
25 1 015-14-94 3 2 cap 2 times 0.61
26 2020-01/1(1) Ayu-4A-013 4 3 tab two times 0.28
27 2019-03/1(1) Ayu-4A-011 4 3 tab two times 0.28
28 2020-02/1(1) Ayu-4A-384 4 3 tab two times 0.23
29 2020-01/1(1) Ayu-A-014 4 3 tab two times 0.44
30 2020-10/1(4)  Ayu-A-121 4 3 tab two times 0.64
31 1 Ayu-4A-058 4 4 tea spoon 2 times 0.02
32 1 Ayu-4A-061 4 4 tea spoon 2 times 0.02
33 3 Ayu-4A-063 4 4 tea spoon 2 times 0.02
34 2 Ayu-4A-119 4 4 tea spoon 2 times 0.02
35 2020-02/1(2) N/A 4 3 tab two times 0.50
36 2020-11/1(2) Ayu-A-301 4 3 tab two times 0.46
37 2020-02/1(1) Ayu-A-318 4 3tab 2 times 0.22
38 2019-06/1(2) Ayu-A-310 4 3tab 2 times 0.25
39 2019-06/1(1) Ayu-A-309 4 3tab 2 times 0.50
40 12 Ayu-18A-054 5 1 cap 3 times 0.57
41 20914001 U-137A-027 5 2 cap 2 times 0.60
42 LTZD U-114A-006 5 2 tab 2 times 0.68
43 1 U-124-A-38 5 2 tab 2 times 0.53
44 2 U-17A-027 5 2 cap 2 times 0.52
45 46 U-301A-051 5 2 tab 2 times 0.60
46 BO1M21E22 Ayu-26A-019 5 1 tab 2 times 0.57
47 1 5A-144 5 1 tab 2 times 0.57
48 1 U308A13 5 2 cap 3 times 0.60

Tab= tablet, cap= capsule, DAR No.= Drug administration registration number
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Apparatus used

A UV- Vis Spectrophotometer with low stray light (0.5 % max) and ultra-fast
scanning (29000 nm/min) (Shimadzu 1900i, Shimadzu Corporation, Kyoto, Japan)
An electronic balance (Shimadzu ATY 224) with good precision (< 0.1mg) and
linearity (0.2mg)

Chemicals used

Analytical grade methylparaben (Scharlab S.L., Spain, 99-100% claimed purity into
its certification)
Methanol (assay above 99.99%) manufactured by Merck, Germany.

Standard stock solution and calibration standard preparation

Accurately weighed 100 mg of methylparaben and poured it into a 100 ml volumetric
flask. Methanol was added, and the volume was made up to the mark. A 1000 ppm
standard stock solution is ready. From this standard stock solution, calibration standards
(0 ppm, 1 ppm, 2 ppm, 3 ppm, and 4 ppm) were prepared. Analytical wavelength (A max)
was taken and found at 256.5 nm (Fig. 2).
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Fig. 2. Analytical wavelength (A nax) determination for methylparaben.
Analysis of samples: Herbal drug samples (one piece for each solid sample and one gram

for liquid sample) were macerated for two days with occasional shaking in 50 mL of
methanol (Ingle et al. 2017, Azwanida 2015, Pandey and Tripathi et al. 2014, Doughari
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2012). Capsule drugs were holed to escape the inner material into the solvent. The
heterogeneous mixture was filtered, and the filtrate was collected. The filtrate was diluted
100 times (0.1 ml filtrate + 9.9 ml methanol). Solvent (methanol) was taken in both cells
(sample cell and reference cell) of the spectrophotometer and made auto-zero. A
calibration curve was obtained by replacing the solvent in the sample cell with calibration
standards one after another in lower to higher concentrations. Then analyte aliquot was
added to the sample cell. An instrument response was recorded. The quantity of sodium
benzoate in herbal drugs was determined utilizing the following formula:

Daily Exposure (DE) = (Cpp X Wyp X E)/ 1000 mg (Islam et al. 2022, Alhusban and
Sawsan et al. 2019)

Where,
Chp = Concentration of analyte in mg in drug
Wyp = Weight of herbal drug in mg

E=Number of exposures per day.

Method validation: The validation of the utilized method was carried out based on
linearity, sensitivity, precision, and accuracy as per ICH guidelines (ICH, 1995A, ICH
1996 B). Calibration and validation sets were shown (Table 2).

Table 2. Calibration and validation sets.

Validation sets (mg/l)

Calibration sets

Accuracy Study .

/L - -

(mg/L) Plant matrix Diluent Precision study
0 3 10 10

1 4 15 15

2 5 20 20

3 6 25 25

4 7 30 30

Linearity study: For the linearity study, calibration standards were added to the sample
cell without changing the solvent (methanol) in the reference cell. Concentration data
with respective absorbance was obtained and the data sets were transformed into a
calibration curve (Fig. 3).
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Fig. 3. Calibration plot for methylparaben.

Accuracy and precision study: The accuracy of the analytical method was studied by
spiking known analytes in a diluent and analyte-free plant matrix. The sample was split
into two portions, namely spiked and unspiked portions. Five different standard solutions
containing analytes were added to the diluted sample solution in the spiked portion. The
concentration of analytes was measured in both spiked and unspiked portions.

Recovery was calculated as,

Cs —Cy

%R = x 100

A
Where,

R = Recovery

Cs= Analyte concentration in the spiked portion

C,= Analyte concentration in the unspiked portion

C,= Concentration of analyte added.

Additionally, spiking was done in diluent and preservative-free plant extract.

Method sensitivity: Method sensitivity was assessed according to ICH guidelines. The
limit of detection (LOD) and limit of quantification (LOQ) were determined by the
following formulas,

Lop = 33% U)/S

LOQ = (10 > O-)/S
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Here, o is the standard deviation of the response of the blank and S is the slope of the
analytical curve.

Result and Discussion

Methylparaben is methanol soluble, used as a blank and solvent during measurement by
UV Vis spectroscopy. The analytical wavelength (maximum wavelength, An.) was 256.5
nm (Table 3).

Table 3. Optical Characteristics of the method.

Parameter Value

Analytical wavelength for methyl paraben (A ) Nm  256.5

Concentration range obeys Beer’s law (ppm) 10-30

Regression Equation, y=mx+c y = 0.106 x x + 0.0028
Slope 0.106

Intercept 0.0028

Coefficient of Determination, R? 0.9881

Limit of Detection (LOD) ppm 0.19

Limit of Quantification (LOQ) ppm 0.57

Linearity test: To find the relationship between the predictor (concentration) and
response (absorbance) variables, Pearson’s Correlation Coefficient (PCC), r was
determined. Asthe Cauchy-Schwarz inequality puts the obtained PCC r-value of 1 at
perfect positive linear correlation, the purpose of additively is fulfilled. At a value of zero
of the predictor variables (concentration), a value of O is obtained as the response value
(absorbance) and the homogeneity of the relationship is confirmed. When the
requirements of additivity and homogeneity were fulfilled, the model was said to be
linear, which satisfies proportionality.

Accuracy and precision study: A recovery study was performed to verify the accuracy of
the applied method. The known concentration of analyte was added to a methylparaben -
free plant-matrix (diluted) and then directly into the diluent. Recovery was found within
the satisfactory level (91.3-98.1%) in mixed plant matrix and (91-105.8%) in direct
diluent (Andreasson, 2015) (Table 4). All of this information indicates that the detection
of the analyte was unaffected by the interference of excipients present in the plant matrix
(Lee et al. 2006).
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Table 4. Recovery study.

Analyte free plant matrix Diluent
Spiked amount ppm Recovery % Spiked amount ppm Recovery %
3 91.3 10 105.8
4 98.1 15 91.0
5 96.9 20 103.3
6 95.2 25 101.8
7 95.2 30 96.5

To assess precision, different standards (10 ppm, 15 ppm, 20 ppm, 25 ppm, and 30 ppm)
were prepared and the coefficient of variation was found in the range of 0.005-0.268%
(Table 5), indicating good precision.

Table 5. The precision of analytical data.

Standard ppm Mean conc. found Co-efficient of variation
(ppm) n=3 (CV)%

10 10.58 0.005

15 13.64 0.046

20 20.66 0.074

25 25.45 0.191

30 28.96 0.268

Sensitivity: Sensitivity was studied as the limit of detection (LOD) and limit of
quantification (LOQ). The LOD and LOQ of the developed method were 0.19 ppm and
0.57 ppm, respectively, for methylparaben (Table 3).

Safety assessment of anti-diabetic herbal drugs: Methylparaben is an alkyl ester of p-
hydroxybenzoic acid. The analyte is readily absorbed from the gastrointestinal tract after
oral administration. The ester is hydrolyzed to its reactant molecule, para hydroxy
benzoic acid. Then it is excreted through urine without accumulating in the
body. However, studies showed, allergic reactions upon oral paraben exposure (Soni et
al., 2002). Daily exposure to the ester is shown (Fig. 4). The safety limit per day for a 70
Kg human being is 420 mg. With this value, no instances crossed safety (Final Report on
the Safety Assessment of Methylparaben, Ethylparaben, Propylparaben, and
Butylparaben, 1984).
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Fig. 4. Daily methylparaben consumption through anti-diabetic herbal preparations

Conclusions

As part of the safety assessment, forty-eight anti-diabetic herbal drugs from different
manufacturers in Rajshahi City were screened for methylparaben using a UV-Vis
spectrophotometer. Thirty-four out of forty-eight samples were found to contain the
analytes but within a safe limit. As the method was found to be faster, more precise, and
cheaper, the analytical procedure can be used for routine analysis of parabens in herbal
drugs and other preservatives in the manufacturers labs. More assessment of the
preservatives needs to be carried out on the herbal drugs of other parts of Bangladesh to
obtain the scenario of preservative content in the country and its subsequent safety.
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