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ARTICLE INFO ABSTRACT

Keywords: Background: The genus Bauhinia consists of about 300 species and is widely
Bauhinia vahlii distributed in most tropical countries of the world. Objectives: The antioxidant,
Phanera vahlii antibacterial, antidiabetic, and quantitative analysis of stem, leaf, and seed extracts
Pharmacological activities of B. vahlii (the synonym name of Phanera vahlii) were investigated. Methods: The
Antioxidant antioxidant activity of the crude extracts and fractions was evaluated by 2,2-
a-Amylase diphenyl-1-picrylhydrazyl (DPPH) scavenging assay. The antidiabetic activity was
Antidiabetic investigated by a-amylase inhibition assay. The toxicity of plant extracts was

assessed by brine shrimp lethality assay (BSLA) using Artemia salina as a biological
test organism. Results: The aqueous fraction of the leaf showed a high total phenolic
content of 168.47 + 1.94 mg GAE/g. The total flavonoid content was found
maximum in an aqueous fraction of leaf with 158.51 + 2.99 mg QE/g. The stem
extract showed potent antioxidant activity with 1Csp 1.91 £ 0.33 pg/ml as compared
to the standard quercetin 1Cso 3.46 + 0.40 pg/ml. The DCM (Dichloromethane)
fraction of the leaf exhibited noteworthy a-amylase inhibition properties with 1Cso
112.70 £ 2.0 pg/ml as compared to the standard acarbose of 9.34 + 2.0 pg/ml. The
antimicrobial results showed that the methanolic extract of stem and seed exhibited
the zone of inhibition against Staphylococcus aureus, Bacillus subtilis, and
Klebsiella pneumoniae but failed against E. coli. The methanol and aqueous extract
of the leaf showed toxicity against brine shrimp nauplii with LCsg 257.63 pg/ml and
100 ug/ml, respectively. Conclusion: This study showed Bauhinia vahlii is rich in
flavonoid and phenolic content and the plant may be a rich source of natural
antioxidants and antidiabetic agents that could be isolated as the drug candidate.

Abbreviations: DPPH, 2,2-Diphenyl-1-Picrylhydrazyl; 1Cso, Median Inhibitory Concentration; ROS, Reactive Oxygen
Species; NTFP, Non-timber Forest Produces; FCR, Folin Ciocalteu Reagent; DMSO, Dimethyl Sulfoxide; LCso, Median
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1. Introduction

Nepal, a relatively small country, occupying
just 0.1 % of the world's total landmass, is
surprisingly rich in natural resources because of
its diverse climate, geology, topographical area,
and meteorological conditions. The people of
Nepal living in a remote area where access to modern
medicine is limited rely on traditional medicine
such as medicinal plants for primary healthcare
[1]. The majority of villages of Nepal lack access
to modern medicine so there is a long history and
tradition of using medicinal and aromatic plants
as part of the ayurvedic system and as home
remedies.

The global trend of synthetic drugs has turned
to herbal drugs which are referred to as a return
to nature to prevent simple to life-threatening
diseases. Commercially available drugs have
shown significant importance in the control of
infectious diseases, oxidative stress, and diabetic
complications in the human body. But the
synthetic drugs impart side effects, low efficacy,
and are expensive. Numerous cellular processes
inside the human body and other exogenous
factors produce highly toxic free radicals such as
hydrogen peroxide, superoxide, and hydroxy
radicals in excess, thereby causing biomolecular
damage which in turn causes diseases like
diabetes mellitus, cancer, atherosclerosis, heart
and neurodegenerative conditions, acute and
chronic kidney disease (CKD) [2]. Antioxidants
can neutralize free radicals, chelate metal ions,
inhibit lipid peroxidation, have reducing
properties, and promote and prevent disease
through reducing oxidative stress caused by
reactive oxygen or nitrogen species in the human
body [3]. Natural antioxidants are advantageous
because they are less harmful, more efficient, and
cost-effective. Diabetes is an endocrine
metabolic disorder characterized by fasting blood
glucose levels above or equal to 7 mmol/L [4]. It
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is a complicated disease caused by a disruption
of carbohydrate, protein, and fat metabolism,
resulting in macro and microvascular changes
that lead to secondary complications [10]. The
effects of  diabetes  mellitus  include
hyperglycemia, lipedema, and oxidative stress,
and the disease can lead affected individuals to
long-term problems such as organ failure, skin
diseases, kidney damage, hardening of arteries
and blood wvessels, heart disease, stroke,
nephrotic syndrome, cataract and retinopathy [6].
Several studies have suggested that dietary
supplementation ~ with  antioxidants  and
antiglycation nutrients may be safe and effective
for treating complications related to diabetes [7].
Salivary and pancreatic a-amylase degrade and
hydrolyzes a-(1,4) glycosidic bonds present in
the complex polysaccharides, which eventually
increases the blood sugar level. Common
antidiabetic agents such as sulfonylureas, non-
sulfonylureas, and secretagogues, frequently
lower the breakdown of long-chain
carbohydrates [8-10].

The genus Bauhinia comprises approximately
300 species across tropical and subtropical
regions, belonging to the family Leguminosae
(Caesalpinioideae) [11]. Bauhinia vahlii Wight
& Arn. (this name is a synonym of Phanera
vahlii (Wight & Arn.) Benth.) is included in the
genus Bauhinia and is a folk medicinal plant that
has been cultivated in different regions of the
world [12]. The different species of Bauhinia
such as B. reticulata, B. rufescens and B.
variegata have traditionally been used against
roundworm infections, conjunctivitis, anthrax,
ulcerations, dysentery, blood poisoning, leprosy,
as well as lung and skin diseases, However,
extracts of the bark of Bauhinia variegata are
used to treat cancer [13]. The Bauhinia vabhlii is
used for the cure of diabetes, skin diseases, eye
diseases, anemia, cardiac disorders, and so on
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[14-16]. The ripe raw seeds and cooked or
roasted mature seeds of B. vahlii are taken as
food by the tribes living in Dhading Nepal [15].
A literature survey revealed that some of the
biological activities in this genus are reported
from around the globe but the particular species
growing in Nepal is not well explored for its
antidiabetic, antioxidant, and toxicity activities.
To the best of our knowledge, the quantitative
analysis of plant secondary metabolites with their
biological activities and toxicity study is the first
report in B. vahlii plant growing in Nepal.

2. Materials and methods
2.1. Chemicals and reagents

The solvents used in this study for the
polarity-based extraction (n-hexane,
dichloromethane, ethyl acetate, and methanol)
were purchased from Thermo Fischer Scientific
(India). The reagents and chemicals such as
ethanol, sodium carbonate, sodium acetate,
aluminium chloride, Folin-Ciocalteu phenol
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dimethyl sulphoxide, 2,2-diphenyl-1-
picrylhydrazyl (DPPH), soluble starch, disodium
hydrogen phosphate, monosodium hydrogen
phosphate, sodium potassium tartarate, porcine
pancreatic amylase (PPA) were purchased from
Sigma-Aldrich Company. All reagents and
solvents were of analytical reagent grade.

2.2. Sample collection

The aerial parts (i.e., leaf, stem, and seed) of
Bauhinia vahlii were manually collected from
their natural habitat in June 2021 from the
Dhading district (27°40° to 28°14' N latitude and
84° 0’ to 85° 1’ E longitude) of Nepal based on
its ethnobotanical uses by the traditional health
practitioners. The plant was identified by the
Taxonomist, at the Central Department of
Botany, Tribhuvan  University,  Kirtipur,
Kathmandu, Nepal. A voucher specimen no.
220079 was deposited at the same department for
future reference. The photographs of the

reagent, acarbose, quercetin, gallic acid, collected plant samples are shown in Fig. 1.
Fig. 1. Aerial parts of Bauhinia vahlii leaf, stem, and seed collected from the study area.
Journal of Medicinal Plants 115 March 2023, Vol. 22, No. 85: 113-127
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2.3. Sample preparation

The different parts of the plant were
thoroughly washed with tap water to remove dust
particles and then chopped into small pieces; air
dried at room temperature (25 + 5 °C) under
shade. After completely drying, plant parts were
ground to a coarse powder. During this process,
plant parts were broken down into smaller pieces
for exposing internal tissues and cells to the
solvents. The powdered samples were stored in a
clean closed glass container until the extraction
of plants' secondary metabolites.

2.4. Extraction

The 100 g of fine powder of aerial parts of the
plant was kept in an Erlenmeyer flask and dipped
in methanol for 72 hours with frequent agitation.
The cap of the flask was closed properly to resist
the entrance of air into the flask. The dipped plant
samples were filtered with Whatman filter paper
No 1. The filtrate was kept in a rotatory
evaporator to evaporate the solvent. The partially
concentrated plant extracts were kept in the water
bath at 35 °C for complete evaporation of the
solvent. After running this procedure, gummy
concentrated extracts were obtained which were
preserved in the refrigerator at 4 °C for further
use.

2.4.1. Solvent-solvent extraction

The solvent-solvent fractionation of the crude
methanolic extract of leaves was fractionated
using solvents of increasing polarity, such as n-
hexane, dichloromethane, ethyl acetate, and
water. All four fractions were evaporated to
concentrate and made dry by using a water bath
at low temperature and then kept in beakers for
further analysis.

2.5. Total phenolic content (TPC)

The total phenolic content of all selected plant
extracts was estimated using Folin-Ciocalteu
phenol reagent using gallic acid as standard in 96
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well plate reader which was modified from the
colorimetric method [17]. Briefly, 20 ul of the
sample (0.5 mg/ml) standard gallic acid /plant
extracts were followed by the addition of 100 pl
Folin-Ciocalteu phenol reagent in a 96-well
plate, and initial absorbance was taken.
Afterward, 80 pl 1M Na2COs (sodium carbonate)
solution was added to make a final volume of 200
pl. The content was incubated for 30 minutes
after that the absorbance was measured at 765 nm
with the help of a synergy LX microplate reader.
The TPC was quantified using a calibration curve
of gallic acid, the outcome data were expressed
in milligrams of gallic acid equivalent per gram
(mg GAE/qg) of dry extract. Triplicates of each
measurement were carried out for validation of
the experimental results.

2.6. Total flavonoid content (TFC)

TFC was determined by the aluminium
chloride colorimetric method in which the
maximum absorbance was shown at 415 nm [18].
The 20 pl of each extract (0.5 mg/ml) was loaded
on 96 well plates in triplicate. In each well 110 pl
deionized water was added to maintain a final
volume of 130 pl. Then, 60 pl ethanol, 5 pl AICl3,
and 5 pl sodium acetate were added to each well
and the reaction mixture was allowed to stand for
30 minutes. The TFC value was expressed as
milligrams of quercetin equivalent per gram
(mg.QE/qg) of the dry weight of extracts using the
quercetin standard calibration curve.

2.7. DPPH radical scavenging

The free radical scavenging activities of the
plant extracts were evaluated in a rapid, simple,
and inexpensive method by using the 2,2-
diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging method. Antioxidant compounds
donate the electron to DPPH thus causing its
reduction and in the reduced form its color
changes from deep violet to yellow. The
decolorization indicates the antioxidant potential
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of the sample. The ability of different plant
extracts to scavenge DPPH free radicals was
performed by adopting the standard protocol of
Jamuna et al. 2012 [19]. Briefly, solution (0.1M)
of DPPH was freshly prepared in methanol and
kept at 4 °C until use. The 100 ul plant extract
and 100 pl DPPH solutions were loaded
sequentially on a 96-well plate. After that, it was
incubated for 30 minutes in the dark, and
absorbance was noted at 517 nm. The percentage
of the free radical scavenging activity was
calculated by using the following equation.

e el Abs control—Abs sample
% inhibition = P

x 100

Abs control

Where Abs control is the absorbance of DPPH
radical with 50 % DMSO. The 50 % inhibitory
concentration (ICso) value is indicated as the
effective concentration of the sample that is
required to scavenge 50 % of the DPPH radicals.
The inhibition curve was established by plotting
extract concentration versus the corresponding
scavenging effect. The ICsp value was calculated
using GraphPad Prism 9.

2.8. In vitro a-amylase inhibition

The a-amylase inhibition assay was
performed using the 3,5-dinitrosalicylic acid
(DNSA) method with slight modification [20].
The different extracts of Bauhinia vahlii were
dissolved in the minimum amount of 50 %
DMSO and were further dissolved in buffer
(Na2HPO4/NaH2PO4  (0.02M) and  NaCl
(0.006M) at pH 6.9 to give the concentrations of
varying range. A volume of 200 pl a- amylase
solution was mixed with 200 pl of the extract and
was incubated for 10 minutes at 30 °C.
Thereafter, 200 pl of the starch solution was
added (1 % in water W/;,) to each tube and was
incubated for 3 minutes. The reaction was
terminated by the addition of 200 ul DNSA
reagent (1 g 3,5-dinitrosalicylic acid, 20 ml 2M
NaOH, and 30 g of potassium sodium tartarate).
The tubes were kept in boiling water for 10 min
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and cooled to ambient temperature then, diluted
with 5 ml distilled water, and absorbance was
measured at 540 nm using a Microplate reader.
The blank with 100 % enzyme activity was
prepared by replacing the plant extract with 200
ul of the buffer. A blank reaction was similarly
prepared using the plant extract at each
concentration in the absence of the enzyme
solution. A positive sample was prepared using
acarbose and the reaction was performed
similarly to the reaction with plant extract as
mentioned above. The o-amylase inhibitory
activity was expressed as percent inhibition and
was calculated using the equation. The % a-
amylase inhibition was plotted against the extract
concentration and the 1Cso values were calculated
using the Graph Pad Prism 9.

2.9. Antimicrobial assay
2.9.1. Collection of test organisms

The antimicrobial properties of plant extracts
were tested against four different general lab
pathogenic test organisms i.e. gram-negative
bacteria (Escherichia coli ATCC 25922 and
Klebsiella pneumoniae ATCC 10031) and gram-
positive bacteria (Staphylococcus aureus KCTC
1916 and Bacillus subtilis ATCC 66333) which
were isolated from Research Institute for
Bioscience and  Biotechnology (RIBB)
Saptakhel-9 Balkumari, Chyasal, Lalitpur while
Fusarium spp was provided by National
Academy of Science and Technology (NAST)
Lalitpur, Kathmandu, Nepal.

2.10. In vitro antibacterial screening

The bacterial susceptibility of the plant
extracts was assessed by the agar well diffusion
method in Mueller Hinton agar plates [21].
Briefly, an overnight incubated broth culture of
entire test organisms was prepared in nutrient
broth and diluted with sterile nutrient broth
media to maintain the turbidity at 0.5 McFarland
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standards (10 ¢ CFU/mI). Then, about 100 pl of
inoculum was taken and spread on MHA agar
plates. After that, wells were bored aseptically
into the agar surface by using a sterile gel
puncture of 7 mm diameter and filled with 20 pl
of samples (concentration of 50 mg/ml). Finally,
the plates were incubated at 37 °C for 24 hours
and after incubation, the plates were checked to
see if a clear zone had formed around each well
which would indicate the antibacterial activity of
the plant samples. The zone of inhibition (ZOI)
for each sample was measured using a ruler in
mm. In this bioassay, ampicillin (1 mg/ml) was
taken as positive control and DMSO as a
negative control.

2.11. Brine shrimp assay

This assay has been successfully employed as
an important tool for toxicity screening of plant
extracts using Artemia salina brine shrimp
nauplii [22]. In this experiment, 20 mg of each of
the extracts was dissolved in methanol, and
solutions of varying concentrations (1000 pg/ml,
100 pg/ml, 10 pg/ml) were prepared by serial
dilution of the stock solution. The 2 ml of extracts
solution from each concentration (1000 pg/ml,
100 pg/ml, 10 pg/ml by following the protocol)
was transferred to nine different test tubes
labeled 1-9, three for each concentration.
Similarly, 2 ml of methanol was taken in three
test tubes as a blank. After these, the test tubes
were kept for 24 hours to evaporate the whole
solvent. After complete evaporation of the
solvent, 5 ml of simulated seawater was added to
each test tube and the solution was gently shaken
so that the dry compounds diffused adequately in
the aqueous solution. The ten matured shrimps
were transferred to each test tube. All the test
tubes were maintained under illumination. The
number of surviving nauplii was counted after 24
hours. From this data, the percent mortality of the
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brine shrimp nauplii for each concentration was
calculated by using the following formula.

% Mortality =

No of nauplii taken- no of nauplii alive

x100

No of nauplii taken

The LCso values were statistically examined
using Finney’s probit analysis method.

3. Results
3.1. Total phenolic content (TPC)

The quantitative determination of total
phenolic contents in leaf, stem, and seed extracts
of Bauhinia vahlii was performed using the
Folin-Ciocalteu phenol reagent taking gallic acid
as standard (The obtained standard calibration
curve equation: y = 0.03436x — 0.07942,
R? = 0.9890). The results of TPC are shown in
Fig. 2. The total phenolic content of the various
extracts and the partially purified fraction was
found to vary from 81.78 + 1.25t0 168.47 £ 1.94
mg GAE/g of dry extract. The agueous extract of
the leaf possessed the highest total phenols of
168.47 + 1.94 mg GAE/g as compared to the
methanol extract of a leaf of 154.13 + 5.19 mg
GAE/qg, stem extract 166.14 + 2.36 mg GAE/g
and seed extract 145.29 + 1.34 mg GAE/qg.

3.2. Total flavonoid content (TFC)

The standard calibration curve was
constructed between the concentration of
quercetin and the absorbance with regression
equation y = 0.0169x — 0.0591, R?=0.9917. The
flavonoid content among the different crude
extracts and semi-purified fractions is presented
in Fig. 3. The results showed that the aqueous
extract of the leaf possessed the highest flavonoid
content of 158.51 + 2.99 mg.QE/g followed by
the ethyl acetate fraction.
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3.3. Antioxidant activity

The antioxidant activity of the crude methanol
extracts and the semi-purified fractions are
expressed in 1Cso values. The antioxidant
potential of the plant extracts showed the inverse

180
160

Total phenolic content
(mg.GAE/Q)

l. Lohani & KhR. Sharma

relation to the ICso values, the plant extract
showed the lower value of ICso indicates a high
antioxidant potential. The graphical
representation of the results of the DPPH radical
scavenging assay is displayed in Fig. 4.

EBCM

BCM HE BDCM

120 = BDCM
100 m BEA
80 mBAq
60 mBStM
40 = BSeM
20 I
0

BEA BAqg BStM BSeM

Fig. 2. Comparative TPC values of crude extracts and semi-purified fractions (BCM- (crude methanolic extract of B.
vahlii leaf), BHE- (hexane fraction of B. vahlii leaf), BDCM- (dichloromethane fraction of B. vahlii leaf), BEA- (ethyl
acetate fraction of B. vahlii leaf), BAg- (aqueous fraction of B. vahlii leaf), BStM- (crude methanolic stem extract of B.

vahlii) BSeM- (Crude methanolic seed extract of B. vahlii)

180 -

Total flavonoid content
(mg QE/g)

160 1
140 ]
120
: BHE
100 1
] mBDCM
80 mBEA
60 ] mBAqQ
40 1 m BStM
20 ] BSeM
0 ]

m BCM

BDCM

BStM  BSeM

Plant extracts and semi purlfled fractions

Fig. 3. Comparative TFC of the crude methanol extracts and semi-purified fractions (BCM- (crude methanolic extract
of B. vahlii leaf), BHE- (hexane fraction of B. vahlii leaf), BDCM- (dichloromethane fraction of B. vahlii leaf), BEA-
(ethyl acetate fraction of B. vahlii leaf), BAg- (aqueous fraction of B. vahlii leaf), BStM- (crude methanolic stem extract
of B. vahlii) BSeM- (Crude methanolic seed extract of B. vahlii)
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Fig. 4. Percentage inhibition against the concentration of plant extracts and semi-purified fractions as compared to the
standard quercetin (BCM- (crude methanolic extract of B. vahlii leaf), BHE- (hexane fraction of B. vahlii leaf), BDCM-
(dichloromethane fraction of B. vahlii leaf), BEA- (ethyl acetate fraction of B. vahlii leaf), BAg- (aqueous fraction of B.

vahlii leaf), BStM- (crude methanolic stem extract of B. vahlii) BSeM- (Crude methanolic seed extract of B. vahlii)

The linear regression of the percentage of
radical scavenging versus concentration was
used for the calculation of the concentration of
each plant extract and the semi-purified fractions
required for 50 % inhibition of DPPH activity.
The 1Csp values of the plant extract and the semi-
purified fraction along with the standard
quercetin are presented in Fig. 5.
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As a result, methanolic extracts of leaf, stem,
and seed as well as ethyl acetate and DCM
fractions of leaf exhibited the strongest radical
scavenging activity with 1Cso near the standard
quercetin. Their ICso were found to be increased
in the following order; methanolic extract of the
stem (1.91 £ 0.33 pug/ml) > quercetin (3.46 + 0.40
pg/ml) > methanolic extract of seed (5.79 + 3.05
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pg/ml) > DCM fraction of a leaf (6.30 + 0.16
pg/ml) > ethyl acetate fraction of a leaf (6.61 £
0.54 pg/ml) > hexane fraction of a leaf (61.64 +
13.22 pg/ml) > aqueous fraction of a leaf (83.57
+ 3.62 pg/ml). The I1Cso obtained from the crude
extracts and the semi-purified fractions showed
potential antioxidant activity concerning the
standard quercetin. The ICso of hexane and
aqueous extract were found higher than those of
the other fractions of the crude leaf extract. A
crude methanolic stem extract of Bauhinia vahlii
showed significantly higher antioxidant activity
than the standard quercetin.

3.4. a-amylase inhibition
The graphical presentation for the inhibition
of crude extracts, and semi-purified fractions as

mBCM mBHE =BDCM mBEA

100
90
80
70
60
50
40
30
20
10

ICsy pg/mL

m BStM
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compared to the standard acarbose is shown in
Fig. 6.

The strength of a-amylase enzyme inhibition
activity of the crude extracts and semi-purified
fractions is expressed in 1Cso, which is displayed
in Fig. 7.

The a-amylase enzyme inhibition property of
plant extracts showed an ICso ranging from
62.84 + 2 to 578.0 £ 2.0 pug/ml, representing an
approximate nine-fold variation. Among the
tested fractions, the DCM fraction of leaf and
methanolic crude extract of stem showed
moderate a-amylase inhibition properties with an
ICso 0f 62.84 £ 2.0 pg/ml and 112.7 £ 2.0 pg/ml
respectively as compared to standard acarbose of
1Cs0 9.34 £ 2.0 pg/ml.

BSeM ®BAg ' Quercetin

Plant extracts and semipurified fractions

Fig. 5. ICs of different crude extracts and semi-purified fractions showing the antioxidant activity. (BCM- (crude
methanolic extract of B. vahlii leaf), BHE- (hexane fraction of B. vahlii leaf), BDCM- (dichloromethane fraction of B.
vahlii leaf), BEA- (ethyl acetate fraction of B. vahlii leaf), BAg- (aqueous fraction of B. vahlii leaf), BStM- (crude
methanolic stem extract of B. vahlii) BSeM- (Crude methanolic seed extract of B. vahlii)
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Fig. 6. (a) a-Amylase inhibition shown by standard acarbose against the different concentrations, (b) a-Amylase
inhibition shown by the methanolic extracts and semi-purified fractions, and (c) a-amylase inhibition shown by crude
methanolic extracts of stem and seed (BCM- (crude methanolic extract of B. vahlii leaf), BHE- (hexane fraction of B.
vahlii leaf), BDCM- (dichloromethane fraction of B. vahlii leaf), BEA- (ethyl acetate fraction of B. vahlii leaf), BAgQ-
(aqueous fraction of B. vahlii leaf), BStM- (crude methanolic stem extract of B. vahlii) BSeM- (Crude methanolic seed

extract of B. vahlii)

BCM mBHE mBDCM ®mBEA mBAgq mBStM mBSeM mAcarbose
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400
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100 .
. [ []
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Fig.7. Comparative 1Cso shown by crude extracts and semi-purified fractions against the a-amylase inhibition (BCM-
(crude methanolic extract of B. vahlii leaf), BHE- (hexane fraction of B. vahlii leaf), BDCM- (dichloromethane fraction
of B. vahlii leaf), BEA- (ethyl acetate fraction of B. vahlii leaf), BAg- (aqueous fraction of B. vahlii leaf), BStM- (crude

methanolic stem extract of B. vahlii) BSeM- (Crude methanolic seed extract of B. vahlii)
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3.5. Antibacterial activity

The antibacterial activity of plant extracts
against Staphylococcus aureus KCTC 1916,
Bacillus subtilis ATCC 66333, Escherichia coli
ATCC 25922, and Klebsiella pneumoniae ATCC
10031 were measured as ZOI (Zone of inhibition
in mm). The ZOI shown by the methanolic crude
extract of seed was found to be 8 mm against
Klebsiella pneumoniae, 8 mm against
Staphylococcus aureus and 6.6 mm against and
Bacillus subtilis. Similarly, the ZOI shown by the
stem extract against the Klebsiella pneumoniae
was found to be 7 mm, 11.3 mm against
Staphylococcus aureus and 10.0 mm Bacillus
subtilis. The crude methanol extracts and semi-
purified fractions of the leaf (n-hexane and
DCM) were found to be ineffective against all the
test strains whereas, the ethyl acetate fractions of
the leaf showed the ZOI as 10.3 mm against
Bacillus subtilis.

3.6. Toxicity

The toxicity shown by the crude extracts and
semi-purified fractions against the brine shrimp
nauplii is shown in Table 1.

The calculation of the lethal concentration
(LCso) of plant extracts and fractions against the

l. Lohani & KhR. Sharma

brine shrimp nauplii is shown in Table 1. For
easy presentation, the regression equation
obtained by plotting the log concentration versus
probit (Finney’s table for the transformation of
the percentage of mortality to probit values) is
shown in Table 1 from which the LCso is
calculated.

The seven different extracts and semi-purified
fractions of the plant were tested for their
cytotoxicity against brine shrimp nauplii. The
lethal concentration (LCso) that kills 50 % of the
exposed population of A. salina values in pg/ml
obtained from the brine shrimp lethality assay for
different concentrations of plant extracts and
semi-purified fractions was determined. The
degree of lethality was found to be proportional
to the concentration of the plant extracts. The
results showed that maximum mortalities of the
brine shrimp larvae took place at the
concentration of 1000 pg/ml and the least
mortalities at 10 pg/ml. The methanolic and
aqueous extract of the leaf showed high toxicity
against brine shrimp nauplii with LCso 257.63
pg/ml and 100 pg/ml respectively.

Table 1. Calculation of LCs, for crude extracts and semi-purified fractions

Plant extracts/

Regression equation obtained by plotting the log C against probit

LCso (png/ml)

Fractions values of percentage mortality
BCM Y88 330 257.63
BHE Yoo % 20653.80
BDCM VR0 2T 543250
BEA VR O 1380.38
BAg Y= %zzixf 45 100.00
BStM Y :Ffz'ofg_;sl'% 1142.92
BSeM YK 248 10495.42

(BCM- (crude methanolic extract of B. vahlii leaf), BHE- (hexane fraction of B. vahlii leaf), BDCM- (dichloromethane fraction of B.
vahlii leaf), BEA- (ethyl acetate fraction of B. vahlii leaf), BAg- (aqueous fraction of B. vahlii leaf), BStM- (crude methanolic stem
extract of B. vahlii) BSeM- (Crude methanolic seed extract of B. vahlii).
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3.7. Statistical analysis

Each experiment was conducted three times
and data were expressed as mean + standard
deviation. The plots were constructed using
Microsoft Excel, GraphPad Prism 9, and sigma
plot.

4. Discussion

The different parts of Bauhinia vahlii were
found to have most of the secondary metabolites
as listed in Table 1. But, few of the secondary
metabolites previously reported in the same
genus are found absent in this plant. This could
be due to the variation in altitudes of plant grown,
different environmental conditions, method and
time of sample collection, extraction procedure,
and also due to laboratory setup and chemical
grade.

The results of this study showed that Bauhinia
vahlii grown in Dhading Nepal is found rich in
total phenolic content as compared to the stem
bark of the same genus reported of 15.91 + 0.20
pg/mg in petroleum ether fraction, 41.42 + 1.63
pg/mg in ethyl acetate fraction, and 88.71 + 1.04
pg/mg in methanol fraction [23]. The phenolic
compounds are potent antioxidants that work in a
structurally dependent manner. They can
scavenge the ROS (Reactive Oxygen Species)
and chelate transition metals which play vital
roles in the initiation of free radical reactions in
the human body which causes oxidative damage
to the cell [24]. The greater amount of
polyphenol content present in the plant extracts
reflects the higher antioxidant activity.

The phenolic content found in this plant is
slightly different from those reported in the
literature. The obtained TPC value could be
different or altered by their structural features,
variations in plant samples, presence of
interfering substances, geographical variation,
different analytical assay methods, and presence
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of different amounts of sugars, ascorbic acid, or
carotenoids.

Negi et al. 2012, has reported the total
flavonoid content in the same genus of this plant
was 132.89 + 3.34 pg/mg in methanol fraction
and 120.06 + 1.91 pg/mg in ethyl acetate fraction
of stem bark [23]. The results of the present study
showed that the plant Bauhinia vahlii is found
rich in flavonoid content and it could be
biologically more potent due to the presence of
varieties of phytochemicals. Farag et al. 2015,
reported that Bauhinia vahlii contained the
highest amount of flavonoid content than
Bauhinia variegata, Bauhinia forficata, and
Bauhinia racemose [25]. It has been reported that
the flavonoid content in the plant samples was
significantly affected by the factors such as
genetic diversity, environment, and year-to-year
seasonal variation [26]. The rich in phenolic and
flavonoid content as secondary metabolites,
particularly Bauhinia vahlii makes an important
source of phytotherapeutic and medicinal agents.

The results of antioxidant activity showed that
Bauhinia vahlii is a source of natural powerful
free radical scavenger that may prevent oxidative
damage in the human body which ultimately
leads to oxidative stress and finally to cancer.
The antioxidant activity reported in the same
genus, Bauhinia scandens bark and leaf extracts
of ICso 34.77 pg/ml and 1135 pg/ml
respectively. This supports that the Bauhinia
vahlii growing in this area is found potent source
of antioxidants as compared to the other species
[27].

The extracts and semi-purified fractions of
Bauhinia vahlii growing in Nepal were found
poor against the few bacterial strains used. The
extraction of bioactive substances is influenced
by the solvent polarity which ultimately affects
the antibacterial activity of the extracts and the
semi-purified fractions [22]. These facts and
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observations might have been attributed to the
different structural features and permeability of
the cell wall of bacteria, the season in which the
plant is collected, the age of the plant,
intraspecies variation, ambient circumstances,
and the plant section collected [26]. Some of the
plant extracts and the semi-purified fractions
were found toxic against the Brine shrimp nauplii
showing an LCso less than 1000. It is common
practice to compare the LCso value of herbal
extracts to either the Meyers or the Clarkson
Toxicology Index to determine their level of
toxicity. As defined by Clarkson's toxicity
criterion for assessing plant extract toxicity,
extracts with LCso values above 1000 are
nontoxic, extracts with LCso values 500-1000 are
less toxic, extracts with LCsp values 100-500 are
moderately toxic, while extracts with LCso values
0-100 are highly toxic [28]. Further studies can
be performed based on the bioassay-guided
isolation and identification of target compounds
as promising leads for therapeutic applications.

5. Conclusion

In conclusion, the evaluation of the
antioxidant activity of Bauhinia vahlii may be a
substantial source of potential natural
antioxidants. The findings of this study showed
that the plant is rich in total phenolic and
flavonoid content as secondary metabolites. The
high antioxidant activity of the plant extracts may
be suggested for the prevention of harmful
oxidation that takes place in the human body and
to treat cardiovascular disorders. Our findings
open the door to the plant becoming a good
source of natural compounds for more effective
control of diabetes and microbial infections in
human beings. This report may provide scientific
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