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Abstract

Background: Begonia barbata Wall is an important medicinal plant in Bangladesh used to treat several human
diseases. The intention of the existing work was to determine in vitro and in vivo pharmacological properties of
petroleum-ether, dichloromethane, and ethyl acetate soluble fractions of methanol extract of B. barbata whole
plant (MEBB). The total phenolic content (TPC) was determined by Folin-Ciocalteu test while antioxidant activity
assay was performed by DPPH radical quenching process. Tail immersion and acetic acid-induced writhing methods
were utilized to evaluate analgesic effect in albino mice. To evaluate the hypoglycemic potential, glucose tolerance
test is used. Castor oil-induced diarrhea method is utilized to figure out the anti-diarrheal action in mice.
Thiopental-sodium-induced sleeping time test was exploited for the appraisal of CNS antidepressant action.

Results: Antioxidant activities of the test materials followed the order: dichloromethane fraction (DCMF) > ethyl
acetate fraction (EAF) > petroleum-ether fraction (PEF). The EAF yielded maximum amount of phenolic compounds
(12.47 mg of GAE/g of sample). The DMF was most effective in terms of thrombolytic activity while the EAF
protected the membrane integrity of erythrocyte by 63.47% inhibition of hemolysis induced by heat. Among all
fractions, the PEF (400 mg/kg body weight) demonstrated highest analgesic activity in both tail immersion test
(maximum elongations as 262.053%) and acetic acid-induced writhing method (66.02% writhing inhibition). During
anti-diarrheal test, the plant samples significantly diminished the frequency of diarrheal episodes in mice. Similarly,
the plant samples decreased the sleeping duration induced by thiopental sodium.

Conclusion: The above outcome exposed that B. barbata possesses significant pharmacological potential, which
validates its use in Bangladesh folk medicinal practices.

Keywords: Analgesic, Anti-diarrheal, Antioxidant, Begonia barbata, CNS antidepressant, Hypoglycemic, Membrane-
stabilizing, Thrombolytic

Background
Medicinal plants are vital sources of novel compounds
with persuasive pharmacological actions [1, 2]. Since an-
cient times, people have been exploring the medicinal
plants in search of new therapeutic agents. Nearly 80%
of the population in the world depends on herbal medi-
cines for their primary health care, most of which in-
volve the use of plant parts or unpurified plant extracts

[3, 4]. The medicinal value of the plant extracts lies in
bioactive phytoconstituents that exert a specific pharma-
cological action on the biological system [2, 5].
Bangladesh is a prominent heritage of over 500 medi-

cinal plant species. The rural community has long trad-
ition to exploit the medicinal value of those plants for
their basic healthcare management. About 250 medicinal
plants are used for preparing herbal formulations [6].
Nonetheless, the best part of these plants has been
remaining as undiscovered. Therefore, in continuation of
our pharmacological study on plants used in traditional
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medicine in Bangladesh [7–9], we have selected a trad-
itionally important medicinal plant, Begonia barbata
Wall for further pharmacological investigation.
Begonia barbata Wall (syn. Begonia annulata; Bengali

name: biri gach) is a type of perennial plant, a member
of the Begoniaceae family which is a family of flowering
plants with two genera Begonia and Hillebrandia. The
genus Begonia is the largest comprising of around 1400
species with worldwide distribution. There is a record
for a total of eight plants of Begoniaceae family in
Bangladesh, all of which belong to the Begonia genus
[10]. In our country, the plant is available in the hilly
area of Chittagong, Rangamati, Bandarban, Khagrachari,
and Sylhet. In India, it is mainly found in Khasi hills of
Assam, Tripura, and Mizoram. The indigenous people in
Chittagong Hill Tracts, Bangladesh use the whole plant
to treat irregular menstruation, dysmenorrhea, and
headache [11]. Leaf and stem of B. barbata is used by
the local people or snake charmers (Ozha) in Chittagong
Hill Tracts to treat snakebite [12].
However, to the best of our knowledge, the plant B. bar-

bata has not yet been scientifically explored for its phyto-
chemical as well as pharmacological activities to ensure its
medicinal properties. That is why the current study was
carried out to explore the pharmacological properties of
B. barbata using both in vitro and in vivo model.

Methods
Collection, authentication, and extraction process of plant
sample
The whole plant of Begonia barbata was collected from
Moulvibazar Hill Tracts, Bangladesh, and was taxonom-
ically identified (DACB-43432) by a scientific officer in
Bangladesh National Herbarium. The collected plant
samples were washed with water followed by air drying
for several days. The dried plant parts were then turned
into a fine powder. The powdered sample was macerated
in methanol for 7 days. The filtrate was concentrated to
dryness using a rotary evaporator. Following the tech-
nique of solvent-solvent partitioning protocol [13], the
dried methanol extract of B. barbata (MEBB) was frac-
tionated with petroleum-ether, dichloromethane, and
ethyl acetate successively to separate the compounds in
extracts according to their polarity. All these plant sam-
ples, PEF, DCMF, and EAF were analyzed for the assess-
ment of the pharmacological properties of B. barbata.

Chemicals and reagents
Ascorbic acid, streptokinase, acetylsalicylic acid, mor-
phine, diclofenac sodium, glibenclamide, fluoxetine,
thiopental sodium, and loperamide were collected from
Square Pharmaceuticals Ltd. and Beximco Pharmaceuti-
cals Ltd., Bangladesh. All reagents and chemicals such as
gallic acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH), tert-

butyl-1-hydroxytoluene (BHT), vincristine sulfate, acetic
acid, and Tween 80 were of analytical grade.

TPC (total phenolic content) analysis
The amount of phenolic compound was determined for
each plant sample using Folin-Ciocalteu method [14].
The absorbance was recorded using the UV-Vis spectro-
photometer at 760 nm. Gallic acid solution was prepared
to construct a calibration curve. The amount of phenolic
compound was expressed as milligram of gallic acid
equivalent (GAE)/g of dry extract.

Antioxidant activity assay
The antioxidant activity of plant extract was estimated
by DPPH scavenging assay by the protocol of Brand-
Williams et al. [15]. Briefly, 3.0 ml solution of DPPH in
methanol (20 μg/mL) was mixed with plant samples at
different concentrations (500.0 to 0.977 μg/mL). The re-
action mixture was vortex and was left in the dark for
30 min. Then, a UV-Vis spectrophotometer was used to
measure the absorbance value of each mixture at 517
nm. The percentage of inhibition (I%) was measured
against blank:

I%ð Þ ¼ Ablank − Asample

Ablank
� 100%

where A is the absorbance for each group. After that, the
IC50 value (50% inhibition) for each plant sample was es-
timated from a graph of % inhibition of DPPH scaven-
ging vs. concentration of the test materials.

Thrombolytic activity
The clot lysis ability of the extract was tested follow-
ing an established protocol [16] where streptokinase
(SK) was used as standard. One milliliter of human
blood was transferred to clean Eppendorf tubes which
were then kept at room temperature until blood clot
forms. The serum was finally removed from the clot.
The weight of the clot formed in Eppendorf tube was
obtained by subtracting the weight of the tube alone
from the weight of clot-containing tube. The plant
sample was added individually to the blood clot in
each tube, followed by incubation at room
temperature for 90 min to examine the clot lysis. The
free liquid after incubation was decanted and the
tubes were once more weighted to monitor the
weight variation before and after clot lysis. The
weight variation which was expressed as percentage of
clot lysis is calculated by following the underneath
equation:
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% clot lysis ¼ Weight of the lysis clot
Weight of clot before lysis

� 100%

Membrane stabilizing effect
The test materials were subjected to evaluate the
membrane-stabilizing activity against heat- and hypo-
tonic solution-induced hemolysis of human blood [17].

Animals
Swiss albino mice were kept under regular laboratory
environment with 12 h dark and 12 h light cycle. The
study protocol was permitted by the Institutional Animal
Ethics Committee [18].

Animal experimental design
For in vivo experiment, albino mice were divided into
the following groups with three mice each. Group I serv-
ing as negative control received the vehicle (1% Tween
80 + normal saline), group II (positive control) was
treated with standard drug for the respective experiment.
Groups III and IV received PEF (200 and 400-mg/kg);
groups V and VI received DCMF (200 and 400 mg/kg);
and group VII and VIII were loaded with EAF (200 and
400 mg/kg).

Analgesic activity
Tail immersion test
Central analgesic activity of the plant extracts was deter-
mined by the tail-immersion procedure in Swiss albino
mice [19]. For this test, the animals were treated orally
with the soluble fractions of MEBB at a dose of 200 and
400 mg/kg body weight. After treatment, the tail of each
of the mice up to 5 cm was then dipped into a water
bath maintained at 55 ± 0.1 °C. The time taken for the
mouse to withdraw the tail in seconds was considered as
the pain reaction time (PRT) and was measured at 0, 30,
60, and 90min following the loading of the test samples.
Finally, the percentage of time elongation of tail
immersion was calculated in respect to standard mor-
phine by the equation below.

%time elongation ¼ T test − T control

T control
� 100%

Here Ttest is the pain reaction time for the test group
and Tcontrol is the pain reaction time for the control
group.

Acetic acid writhing test
The peripheral analgesic activity of B. barbata was eval-
uated by acetic acid abdominal constriction tests [20,
21]. Like the tail-immersion test, both standard diclofe-
nac sodium and plant samples were administered to the
experimental animals by oral route. Forty minutes after

the administration of all treatments, 1% acetic acid was
injected intraperitoneally to each animal to induce the
writhing (abdominal constrictions). Ten minutes after
acetic acid injection, the number of writhing was
counted for 5 min for each mouse. The plant sample
possessing analgesic activity will decrease the number of
writhing in animals. The percentage of writhing inhib-
ition of the treated group was then calculated by using
the following equation:

%inhibition of writhing ¼ NControl −NTest

NControl
� 100%

where N is the mean number of writhing for each group.

Hypoglycemic effect
Glucose tolerance test is employed to evaluate the
hypoglycemic effect of B. barbata in mice model [22].
Briefly, 30 min after oral administration of plant extract/
drug, a 10% glucose solution was given orally to mice of
all test groups. Then blood glucose level was recorded
by glucometer for each animal prior to administration of
extract/drug (at 0 min) and then at 1, 2, and 3 h after the
glucose load. The percent reduction in blood glucose
level of B. barbata can be estimated by the equation
below:

%reduction in blood glucose ¼ BGcontrol − BGtest

BGcontrol
� 100%

where BG is the average blood glucose level for each
group.

Anti-diarrheal effect
The plant samples were also subjected to verify the anti-
diarrheal effect in mice by castor oil-induced diarrhea
model [23, 24]. Briefly, 30 min after the administration
of the respective doses and treatments, 0.5 ml castor oil
was injected to induce diarrhea in each mouse. Anti-
diarrheal effect of the plant sample was observed for 4 h.
The percent reduction in frequency of defecation by the
test samples was determined according to the equation:

%inhibition of defecation ¼ Dcontrol −Dtest

Dcontrol
� 100%

where D is the mean number of diarrheal episode in
each group.

Anxiolytic effect
Thiopental sodium-induced sleeping time test was con-
ducted to estimate the anxiolytic potential of B. barbata
in albino mice [25]. Thirty minutes after loading of plant
samples and standard fluoxetine orally, each mouse was
induced to sleep by thiopental sodium. Then, the
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anxiolytic effect was evaluated through the estimation of
percent inhibition of sleeping time using the equation:

%inhibition of sleeping time ¼ T control − T test

T control
� 100%

where T is the average sleeping time in each group.

Results
Table 1 shows the total phenolic content, TPC in the
PEF, DCMF, and EAF. The amount of phenolic com-
pound in these soluble fractions of MEBB was estimated
via Folin-Ciocalteu assay using a standard curve which
was prepared by gallic acid with diverse concentration.
Among all, the maximum yield of phenolic compound
was observed in EAF (12.47 mg of GAE/g of dry extract)
followed by DCMF (12.47mg of GAE/g of dry extract).
During antioxidant assay, Fig. 1 showed the

concentration-dependent percentage inhibition of sam-
ples on DPPH radical (Fig. 1a) and IC50 values of PEF,
DCMF, EAF, and standard AA, BHT (Fig. 1b). The
DPPH radical scavenging effect of the test samples were
in the following order: DMF (IC50 = 6.22 μg/mL) > EAF
(IC50 = 8.29 μg/mL) > PEF (IC50 = 29.92 μg/mL). The
plant extract with the lower IC50 value has proficient
antioxidant capacity. Both the DCMF and EAF showed
superior DPPH radical-scavenging effect, perhaps due to
the occurrence of the maximum quantity of phenolic
compounds found in these two samples (Table 1).
The clot lysis ability of plant extracts was deter-

mined as a part of searching of cardiovascular agents
from plant sources and the conclusion is summarized
in Fig. 2. Addition of SK (30,000 I.U.) to the human
blood clots along with incubation at 37 °C for 90 min,
exhibited 68.22% clot lysis. At 10 mg/ml concentration
of DMF, PEF, and EAF showed 24.95%, 23.48%, and
17.41% clot lysis activity, respectively comparing with
5.35% clot lysis displayed by a negative control.
The different soluble fractions derived from the

methanol extract of B. barbata were subjected to assay
for membrane stabilizing potential following standard
protocols and the obtained results were represented in
Fig. 3. At 2.0 mg/mL, the plant samples of B. barbata
significantly inhibited the hemolysis of RBC induced by
heat and hypotonic solution, as compared to the stand-
ard ASA (Fig. 3). In heat-induced hemolysis model, the
EAF and DMF confirmed 63.47% and 60.21% inhibition
of hemolysis of human RBCs, respectively, compared to

reference ASA (42.57% inhibition of hemolysis). How-
ever, in case of hypotonic solution-induced hemolysis,
these solvent fractions showed fairly lesser protective ac-
tion in comparison to the level of inhibition, which was
noticed during heat-induced situation.
The results of the tail-immersion test of B. barbata

and standard morphine in albino mice are summa-
rized in Table 2. In this test, PEF, DMCF, and EAF
induced a remarkable reduction in the painful feeling
when compared to control. The percent (%) elong-
ation was monitored at 30, 60, and 90 min following
the loading of drug/extract in mice. Among the ex-
tractives, the PEF exhibited maximum elongations as
262.053% after 90 min and this result was as good as
to the reference drug (508.32%).
In the acetic acid-induced writhing method, all the

plant samples (200 and 400 mg/kg) markedly exhibited
dose-dependent reduction in the number of abdominal
writhes in animals when judged against the control
group. The test materials at the dose of 400 mg/kg in-
duced a dose-dependent increase in writhing inhibition,
raising it from 0% in the control group to 66.02%,
64.16%, and 52.83% by PEF, DCMF, and EAF of B. bar-
bata, respectively, in comparison to diclofenac sodium
(69.82% inhibition) (Table 3).
In the glucose tolerance test, oral administration of

test samples demonstrated significant hypoglycemic ac-
tivity in mice when compared to standard glibenclamide.
The DCMF (200 and 400 mg/kg) demonstrated utmost
activity which continues up to the 2 h after treatment
(Table 4).
During the anti-diarrheal test, the tested fractions (200

and 400mg/kg) confirmed a noticeable and dose-
dependent anti-diarrheal effect in animals (Table 5).
Oral administration of castor oil in mice provoked diar-
rhea, which continues up to 4 h in the control mice. The
diarrheal episode was inhibited by 44.98%, 59.97%,
50.07%, and 55.02%, respectively, of both PEF and EAF
at doses, 200 and 400 mg/kg.
Thiopental sodium-induced sleeping time test was

employed to evaluate the CNS antidepressant activity
of B. barbata. The soluble fractions of B. barbata are
proficient to decrease the length of sleep induced by
thiopental sodium in mice. Among all, the PEF at
both doses showed maximum antidepressant activity
in mice (Fig. 4).

Discussion
Phenolic components are plant-derived secondary me-
tabolites, which can work as antioxidants by various po-
tential mechanisms [26, 27]. The hydroxyl group of
polyphenols can scavenge free radicals such as hydroxyl
radical (OH.) and hydrogen peroxide (H2O2), which are
well reported to aggravate oxidative stress in biological

Table 1 Total phenolic content of PEF, DCMF, and EAF

Plant sample TPC (mg of GAE/g of dry extract)

PEF 7.13

DCMF 10.26

EAF 12.47
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Fig. 1 Determination of (a) DPPH radical scavenging activity and (b) IC50 of PEF, DMF, EAF, and standards

Fig. 2 Percentage of clot lysis activity of PEF, DMF, and EAF along with streptokinase (SK)
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system [28]. During TPC analysis, a reasonable amount
of phenolics was extracted from the ethyl acetate and di-
chloromethane soluble fractions of methanol extracts of
B. barbata.
DPPH scavenging assay is the most frequently

employed method intended for evaluating the antioxi-
dant potential of plant samples [29]. The antioxidant
activity on DPPH is thought to be because of their
hydrogen donating capacity [30]. It is well reported that
the generation of free radicals in the body causes cell
and tissue damage leading to the pathological situations
as cancer, diabetes, and neurodegenerative. Antioxidants
possessing free radical quenching potential have vast im-
portance in the management of this pathological condi-
tion. That is why there is a rising interest in finding
natural antioxidants from plant extracts that could avert
free radical induced-oxidative damage in the body [31].
In our study, the tested samples of B. barbata having

moderate amount of phenolic compounds can serve as
antioxidant agents through the mechanism of radical
quenching power. Moreover, our results also established
a positive connection between total phenolic content
and DPPH radical quenching capacity [32].
Previously several research works have been con-

ducted with Bangladeshi medicinal plants to find out
the natural compounds with antithrombotic potential
[33, 34]. Therefore, in quest of thrombolytic products
from plant source, in this study, we have selected a
Bangladeshi medicinal plant, B. barbata for screening
of thrombolytic potential. The present study demon-
strated that the soluble fractions of B. barbata have
significant thrombolytic effect since it effectively re-
duces the weight of blood clot in our experimental
conditions. Our results may signify the opportunity of
developing new thrombolytic agents from B. barbar-
ata extracts.

Fig. 3 Membrane stabilizing effect of PEF, DMCF, and EAF of B. barbata whole plant extract

Table 2 Effect of PEF, DMF, and EAF on tail-immersion model
in mice

Treatment % Time elongation

Time after loading the plant sample/drug

30min 60min 90min

Standard (2 mg/kg) 75.409 334.328 508.929

PEF (200mg/kg) 56.148 126.866 204.910

PEF (400mg/kg) 80.328 170.647 262.053

DCMF (200 mg/kg) 24.180 181.592 176.339

DCMF (400 mg/kg) 54.098 162.189 240.179

EAF (200 mg/kg) 36.475 125.373 192.411

EAF (400 mg/kg) 52.869 186.567 205.357

Table 3 Effect of PEF, DCMF, and EAF on acetic acid-induced
writhing method in mice

Treatment Writhing count Average
writhing

%
Inhibition
of
writhing

M-1 M-2 M-3

Control (1% Tween 80) 17 19 17 17.66 -

Standard (50 mg/kg) 4 5 7 5.33 69.82

PEF (200mg/kg) 14 10 10 11.33 35.84

PEF (400mg/kg) 7 6 5 6 66.02

DCMF (200 mg/kg) 8 7 10 8.33 52.83

DCMF (400 mg/kg) 5 9 5 6.33 64.16

EAF (200 mg/kg) 9 14 10 11 37.72

EAF (400 mg/kg) 10 8 7 8.33 52.83
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Membrane stabilization assay is a common technique
used to explore the plant extracts for natural products
with anti-inflammatory potential [35]. Exposure of RBC
to heat and hypotonic solution results in the hemolysis
of RBC [36]. So, the test materials having membrane-
stabilizing effect might be suitable as anti-inflammatory
agents [17]. In this study, various organic soluble frac-
tions of the methanolic extract of B. barbata signifi-
cantly protected the integrity of the RBC membrane
against the stressful conditions such as heat and hypo-
tonic solution. Therefore, B. barbata might be consid-
ered as a good source of anti-inflammatory agents.
Analgesic agents are being searched from natural

sources as alternatives to synthetic drugs because they
have little side effects [37]. Therefore, it is imperative to
find out plant-based pain-relieving agents possessing no
adverse effects. In our study, a centrally acting tail
immersion model and peripherally acting acetic acid-
induced writhing test were utilized to determine the an-
algesic effect of B. barbata. All the plant extracts were
well capable to decrease the level of pain sensation in
mice against both heat and acetic acid-induced stimuli.
The tail immersion method has been employed exten-
sively for the assessment of compounds generating anal-
gesia by central mechanism is believed to raise the pain
threshold of experimental animal toward heat [38]. In
the current experiment, the test materials of B. barbata
demonstrated a noticeable reduction of pain in albino

mice, which is comparable to standard drug morphine.
Therefore, the analgesic effect exhibited by the test sam-
ples in the tail-immersion model indicates the plausible
contribution of the opioid receptors in the brain center.
Intra-peritoneally administered acetic acid elevates the

production of prostaglandin-like mediators in the peri-
toneal fluid which ultimately leads to inflammation in
mice [39, 40]. The plant extracts appreciably repressed
the number of abdominal writhes in mice. The results
suggest that the soluble fractions of B. barbata may con-
tain bioactive components which when administered
leads to reduce pain sensation through the inhibition of
prostaglandin synthesis. Further laboratory studies are
essential to find out the responsible compounds.
In recent years, the prevalence of diabetes mellitus is

increasing throughout the world. Therefore, various re-
searches are going on to discover better hypoglycemic
agents from natural sources to avoid the side effects as-
sociated with synthetic drug [41]. The present study
deals with an introductory work about the hypoglycemic
effect of B. barbata in mice model. During the glucose
tolerance test, the soluble fractions of B. barbata showed
a remarkable hypoglycemic action in mice which con-
tinue up to 2 h compared to standard glibenclamide.
Therefore, the hypoglycemic effect exhibited by the se-
lected plant may be attributed to the several important
bioactive phytoconstituents such as flavonoids, tannins,
and alkaloids [42].

Table 4 Effect of PEF, DMF, and EAF on blood glucose level in mice

Treatment % Reduction of blood glucose level

Hour after administration of plant sample/drug

1 h 2 h 3 h

Glibenclamide (2 mg/kg) 33.93 24.28 39.79

PEF (200mg/kg) 37.49 23.49 2.65

PEF (400mg/kg) 26.45 35.51 16.98

DCMF (200 mg/kg) 39.50 20.89 38.99

DCMF (400 mg/kg) 35.11 29.50 28.38

EAF (200 mg/kg) 17.32 32.90 10.61

EAF (400 mg/kg) 29.18 7.57 7.96

Table 5 Anti-diarrheal effect of PEF, DMF, and EAF by castor oil-induced diarrhea in mice

Treatment % Reduction in the frequency of diarrheal episode

Hour after administration of plant sample/drug

1 h 2 h 3 h 4 h

Loperamide (50 mg/kg) 100 90.09 85.65 74.96

PEF (200mg/kg) 49.62 69.97 57.17 44.98

PEF (400mg/kg) 100 79.88 71.52 59.97

EAF (200 mg/kg) 24.81 69.97 57.17 50.07

EAF (400 mg/kg) 75.18 69.97 50.11 55.02
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The test samples of B. barbata inhibited castor oil-
induced diarrhea in mice. Castor oil induces secretory
diarrhea in mice via its active ingredient ricinoleic acid.
Liberation of ricinoleic acid in the small intestine stimu-
lates the GI motility which ultimately induces diarrhea
in mice [43]. The capacity of B. barbata to decrease the
diarrheal episode in mice might be mediated by the bio-
active phytochemicals present in B. barbata [44].
During the evaluation of CNS antidepressant property,

the administration of B. barbata extract produced not-
able antidepressant activities. CNS antidepressant action
of B. barbata may be due to the phytochemical compos-
ition of the extract [45, 46].

Conclusion
Begonia barbata is an important medicinal plant to the
indigenous people in Chittagong Hill Tracts, Bangladesh.
According to our primary study results, it can be
suggested that B. barbata possesses prominent pharma-
cological potential, which substantiate its use in trad-
itional medicine. However, additional inclusive research
is needed to isolate potential phytoconstituents and
recognize the original mechanisms.
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