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ARTICLE INFO ABSTRACT

Keywords: Bauhinia scandens L. (Family, Fabaceae) is a medicinal plant used for conventional and societal medication in
Ant?'inﬂ'am"%atm’y Ayurveda. The present study has been conducted to screen the chemical, pharmacological and biochemical
Antinociceptive potentiality of the methanol extracts of B. scandens stems (MEBS) along with its related fractions including
Antipyretic carbon tetrachloride (CTBS), di-chloromethane (DMBS) and n-butanol (BTBS). UPLC-QTOF-MS has been

Bauhinia scandens
Molecular binding
UPLC-QTOF-MS

implemented to analyze the chemical compounds of the methanol extracts of Bauhinia scandens stems. Addi-
tionally, antinociceptive and anti-inflammatory effects were performed by following the acetic acid-induced
writhing test and formalin-mediated paw licking test in the mice model. The antipyretic investigation was
performed by Brewer Yeast induced pyrexia method. The clot lysis method was implemented to screen the
thrombolytic activity in human serum. Besides, the in silico study was performed for the five selected chemical
compounds of Bauhinia scandens, found by UPLC-QTOF-MS By using Discover Studio 2020, UCSF Chimera, PyRx
autodock vina and online tools. The MEBS and its fractions exhibited remarkable inhibition in dose dependant
manner in the antinociceptive and antiinflammatory investigations. The antipyretic results of MEBS and DMBS
were close to the standard drug indomethacin. Investigation of the thrombolytic effect of MEBS, CTBS, DMBS,
and BTBS revealed notable clot-lytic potentials. Besides, the phenolic compounds of the plant extracts revealed
strong binding affinity to the COX-1, COX-2, mPGES-1 and plasminogen activator enzymes. To recapitulate,
based on the research work, Bauhinia scandens L. stem and its phytochemicals can be considered as prospective
wellsprings for novel drug development and discovery by future researchers.

1. Introduction stemming from different etiologies, such as infections, mechanical and
thermal injuries, accompanied by localized edema and serious tissue

Pain is a hostile sensation that is directed by the brain through the damage [2,3]. The ache is, therefore, more than a symptom of external
use of sensory neurons and emotional experience revealed by realistic experience that can also produce a sensation of the position, acuteness
and achievable body damage [1]. As a continuum of cell injury and severity of the pain and is made up of many episodes like
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vasodilatation, plasma extravasations, cellular migration and unleash of
several mediators in association with pain [4]. Inflammation highlights
a wide extend of pathophysiological functions. The tissue strain and
deterioration induce an adaptable response that indicated
para-inflammation. This reaction is usually based on tissue-inhabitant
macrophages and is intermediate between a wide inflammatory
response and the homeostatic basal response. Across all cases,
para-inflammation is appropriate for the persistent inflammatory factors
involved with the existing human ailment [5]. NSAID’s are not much
enough to regulate the release of arachidonic acid, which activates
prostaglandins and mediates COX-1 and COX-2 cyclooxygenase [6]. Asa
secondary response of infection, inflammation, tissue damage, malig-
nancy, graft rejection, or other disease conditions, fever can be experi-
enced, which is a natural defense mechanism to knock out injured
tissues or infectious moieties [7]. An elevated formation of
pro-inflammatory mediator’s (cytokines like interleukin 1p, a, p and
TNF-a) followed by upraised synthesis of prostaglandin E2 (PGE2) near
the preoptic hypothalamus region can trigger the hypothalamus to up-
surge the body temperature as a response to injured or infected tissue
[7]. Progression of disease states can be degraded faster due to high
fever conditions by elevating tissue catabolism, dehydration and exist-
ing complaints [8]. Numerous antipyretic agents can cause cessation of
COX-2 expression to alleviate the elevated body temperature by termi-
nating PGE2 biosynthesis [9]. Cerebral venous sinus thrombosis (CVST)
is a detrimental disease condition that is repeatedly accompanied by
enormous morbidity and mortality. Heparin can be used for first-line
acute care of cerebral venous thrombosis (CVT), although local intra-
venous thrombosis calls for mechanical thrombectomy and decom-
pressive hemicraniectomy [10].

In general, nonsteroidal anti-inflammatory drugs are used to treat
pain and inflammations; however, these drugs are allied with unwanted
side effects such as GI irritation, ulceration, and synthetically produced
drugs are used to treat fever and pain, which can cause liver and kidney
damage [11]. Liver injury due to these medicines is not the usual side
effect in healthy individuals, but people with cirrhotic liver diseases
suffer bleeding abnormalities and renal failure triggered by decreasing
PG (prostaglandin) mediated blood flow towards the kidney [12].
Therefore, concern in naturally isolated drug moieties has been inten-
sified, which can give greater efficacy and protection than conventional
analgesics and NSAIDs. [13]. The recognizable confirmation of such
products, which have lesser undesirable effects and no addictive effects
like opioids, and ought to play an essential function in the treatment of
pain disorder and irritation [14].

Plants and herbs utilized by tribal people are currently providing
credible sources for several noteworthy pharmaceuticals [15]. Several
medicinal agents are currently in use from such herbal sources [16]. As a
wellspring of therapeutically potential compounds, medicinal plants
have been conventionally asserted their importance for the collection of
novel drug moieties [17]. Nowadays, the scientific trend towards phy-
totherapeutic roots has been restored due to the diminished safety and
efficacy along with the specificity of commercially available medicines
[18]. Among the South Asian countries, Bangladesh has an enriched and
reputed heritage of natural medicines [19]. Nevertheless, most of these
plants have not been chemically, pharmacologically and toxicologically
tested to identify their bioactive phytochemicals [20]. However, the
overall bioactivity of herbal medicine can be attributed to chromato-
graphic fingerprints. The use of chromatographic profiles is a universal
technique to provide critical information by predicting the total bioac-
tivity of a complex mixture [21]. That’s why liquid chromatography and
mass spectrometry (LC-MS/MS), has been generalized as a feasible
technique to characterize the components of a complex mixture [22].
Non-targeted LC-MS/MS is an effective approach for extensive screening
of different materials, including blood, hair, urine, hair complex extracts
of humans and plants [23]. In addition, molecular docking is an in silico
approach that reveals the flexible and potential binding poses of ligands
to the proteins. This capacity to replicate atomic binding of
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ligand-receptors can give valuable perspective regarding complicated
and experimentally feasible interactions in order to clarify
ligand-receptor mechanism [24].

Bauhinia is a genus in the Fabaceae family consisting of more than
500 species of flowering trees that typically grow within the endemic
and subtropical region [25]. Previous studies revealed information
about the use of their leaves, stems and barks and also suggest their
frequent use as a cure for different types of pathologies in folk medicine,
especially for infections, diabetes, pain, analgesic and inflammation
[26-28]. Again, various Phyto-constituents of leaves and stem-barks of
these plants are reported to reduce blood glucose levels [25,29] anti-
coagulant, antipyretic, antispasmodic [30,31] and anti-tumor [32] po-
tency. B. Scandens is one of the most traditionally used medicinal plants
from the genus of Bauhinia. The ethnobotanical studies recommended
that B. scandens has different medicinal properties against several clin-
ical complexities like fever, Alzheimer’s disease, tumor, acute dysentery,
diarrhea, diabetes, inflammation, cardiovascular disease, etc. [33-36].
However, no study has been accelerated to analyze the analgesic,
anti-inflammatory and antipyretic potentiality of B. scandens L. stems.
Therefore, this study was aimed to appraise the in vivo analgesic,
anti-inflammatory, antipyretic and in vitro thrombolytic potentialities of
methanol extracts of B. scandens stems (MEBS) and it’s carbon tetra-
chloride (CTBS), di-chloro-methane (DMBS) and n-butanol (BTBS)
fractions. Besides, UPLC-QTOF-MS profiling and computer-aided (in
silico) study of some identified compounds from the methanol extract of
B. scandens L. stems have been conducted to validate the biological
investigations.

2. Materials and methods
2.1. Chemicals and reagents

Methanol, Carbon tetrachloride, Di-chloro-methane n-butanol and
tween-80 were derived from Sigma Aldrich Corporation (St. Louis,
Missouri, USA). Streptokinase (Streptase 15,00,000 1.U) and Ibuprofen
(Inflam- 400 mg) were purchased from Sanofi Bangladesh Ltd, Dhaka,
Bangladesh. Diclofenac Sodium (Intafenac-50 mg) and indomethacin
(Reumacid-100 mg) were procured from Incepta Pharmaceuticals Ltd,
Dhaka, Bangladesh and Aristopharma Limited, Dhaka, Bangladesh,
respectively.

2.2. Plant material

Stems of the B. scandens were collected in February 2019 from
Kaptai, Rangamati, Chattrogram, Bangladesh. Plant identification was
carried out by Mr. Sajib Rudra, Taxonomist, Department of Botany,
University of Chittagong, Chittagong-4331, Bangladesh, and a specimen
voucher (CTGUH SR7918) was deposited at the Department of Phar-
macy, International Islamic University of Chittagong, Chattrogram-
4318, Bangladesh for further reference.

2.3. Preparation of plant extract and fractions

After collection, the stems were washed to expel dust and dried
under natural shade for about 23 + 2 °C. The plant materials were then
dried in the oven for 1 h at a comparatively low temperature (< 40 °C)
for better trituration. After collection, the stems were washed to expel
dust and dried under natural shade for about 23 + 2°C. The plant ma-
terials were then dried in the oven for 1 h at a comparatively low tem-
perature (< 40 °C) for better trituration. A highly potent grinding
machine was used to triturate the dried stems in coarse powder.
Powdered plant material was placed in a well-closed plastic container at
that point and held in a quiet, ventilated place all around. The stem’s
powder was harvested at room temperature for 72 h with methanol for a
ratio of 6:1 (solvent: sample) (w/v). Solvent has been extracted in a
vacuum to achieve crude extraction (MEBS). Finally, 65 g crude
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methanol extracts have been obtained by the extraction. To obtain raw
fractions, MEBS was then sequentially fractionated with carbon tetra-
chloride, dichloromethane and n-butanol and solvents were added in the
vacuums, yielding CTBS, DMBS, and BTBS fractions of MEBS. The yield
values of the CTBS, DMBS and BTBS were 13 g, 16 g and 9 g respectively.
For the experiments, all fractions were dissolved in 1% Tween 80
(vehicle).

2.4. High-resolution UPLC-QTOF-MS analysis of MEBS

Using UPLC-MS, the phytochemical profile of the methanol extract
was determined. UPLC-MS was carried out utilizing the Waters ACQ-
UITY UPLC IClass/Xevo G2 Q-TOF mass spectrometer (Milford, MA,
USA). Dissolving 1 g of extract into 1 mL of methanol was used to pre-
pare the sample of B. scandens. A Zorbax Eclipse plus Acuity UPLC BEH
C18 (1.7 um particle size) in 2.1 mm/50 mm was implemented to
conduct the separation. A Q-TOF mass spectrometer with positive and
negative electrospray ionizing (ESI) sources has been incorporated into
UPLC. A complete scanning mode from m/z 50-1000 with a temperature
level of 120 °C was accomplished. Solvent A was prepared with 0.1%
formic acid in water and solvent B was also prepared with the 0.1%
formic acid in crude extracts. The elution of gradients started with 99%
solvent A and 1% solvent B for the first 15 min and thereafter 65%
solvent A and 35% solvent B for 1 min and then gradually increased the
solvent A 100% for 2 min and then slowly increased the solvent B to 99%
and solvent A 1% for 2 min. As a gas nebulizing and collision gas,
particularly highly purified nitrogen (N2) and ultra-high pure helium
(He) have been used. The capillary voltage was tuned to 2.0 kV in
positive electrospray operation. Additional instruments implied: source
offset, 100 V; desolvation temperature at 550 °C; cone gas flow of 50 L/h
at 120 °C temperature, and desolvation gas flow, 800 L/h.

2.5. In vivo approaches

2.5.1. Experimental animals

Standard regulations for the use and management of laboratory an-
imals are applied to handle the mice for the research [37]. Male and
female Swiss albino mice weighing from 25 g to 30 g were obtained from
the Venom Research Centre, Chattogram Medical College and Hospital,
Chattogram, Bangladesh. The mice were housed with the normal
day-night cycle when animals got standard laboratory food and drink ad
libitum along with enough ventilation in the room. All tests were con-
ducted in a separate and silent condition. The procedures for supervising
experimental animals were supported by the Institutional Ethics com-
mittee [38,39]. The animals had been accustomed to the laboratory
environment ten days before the test.

2.5.2. Acute toxicity test

Acute oral toxicity has been assessed in comparison with OECD
Regulation 425 [40,41]. Thirteen groups consisted of 10 mice (male and
female) each were given oral doses of 1000 mg/kg, 2000 mg/kg and
3000 mg/kg of MEBS, CTBS, DMBS, and BTBS individually. Mice from
the control group were treated with vehicle only (water). The groups
have been monitored for 48 h. The mouse weighed every day, and any
changes in their behavior and any symptoms of distress were carefully
recorded.

2.5.3. Acetic acid triggered writhing test

The acetic acid-mediated writhing experiment was performed by the
following procedure inspired by the previously established method [42]
with a slight modification to carry out this research. Swiss albino mice
were classified into six groups consisted of six rodents each of either
gender to carry on the pharmacological evaluation. Acetic acid solution
(10 mL/kg body weight) was injected intraperitoneally into each mouse
after 30 min of test sample administration and the amount of writhing
and twisting was counted over 30 min. Group I received 10 mg/kg of
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diclofenac sodium (DCS) as a standard; Group III, Group IV, Group V and
Group VI received MEBS and its fractions (CTBS, DMBS, BTBS) (50, 100,
200 and 400 mg/kg b.w., p.o) 30 min before injection of acidic acid
[43]. The contractions of the abdomen, the prolongation of the body, the
turning of the trunk and/or pelvis which ended with the expansion of the
limbs are known as total writhing [44]. The following term was used to
determine the % of writhes:

Numb ithi b trol It
Inhibition(%)ofwrites: umoer Of writhing y contro sample

Number of writhing by test sample
x 100

2.5.4. Formalin-induced paw licking test

A formalin-induced paw licking experiment was carried out using a
method derived from the previously described method described by
Emon et al. [45]. Swiss albino mice are set as four groups to conduct the
biological property evaluation. Each set includes six groups of six mice
of both male and female sex in a group. Group I and group II were
treated in different doses (50, 100, 200 and 400 mg/kg) with positive
(ibuprofen 10 mg/kg) and negative (1% between 80) control and group
II-VI test samples. Twenty pL of 2.5% formalin dissolved in distilled
water was injected into the mice’s right hind paw intraplantar territory
after 60 min of test sample administration (p.o). In the control group I
only tween 80 (1%) was introduced, whereas group II was treated with
ibuprofen (10 mg/kg) as standard. Besides, other groups dedicated to
crude samples received 50, 100, 200 and 400 mg/kg b.w., p.o.,
respectively. The period consumed in leaking and biting the injected
paw was considered as a measurement of pain response and the out-
comes were documented in the early phase 0-5 min (neurogenic pain)
and the late phase 15-30 min (inflammatory pain) after injection of
formalin [46]. The reduction of pain ratio has been measured by the
following term:

Mean licking by control sample
mean licking by the test sample

Inhibition(%)oflicking = x 100

2.5.5. Yeast induced pyrexia

Fever induction by Brewer’s yeast method was applied in experi-
mental animals by injecting 15% yeast solution subcutaneously with a
dose of 10 mL/kg, which were kept under fasting conditions overnight
with an abundant amount of water supply [47]. The rectal temperature
was recorded using an Ellab thermometer. The animal showing a rectal
temperature elevation of 0.3-0.5 °C were selected for antipyretic ac-
tivity tests [48]. Extractives of plants in different concentrations i.e., 50,
100, 200 and 400 mg/kg body weight were given to conduct the test
along with Indomethacin (10 mg/kg; b.w) as a reference drug where
TWN - 80 was provided to animal models of the control group.
Following this therapy, rectal temperature was measured at one-hour
intervals for three hours consecutively, [49] and each measurement
was reported as the mean of three readings.

2.6. In vitro approaches
2.6.1. Thrombolytic assay

2.6.1.1. Specimen. Entire blood (1.5 mL) was extracted from healthy
human volunteers (n=5) without an emergency contraceptive or
anticoagulant drug history (through a protocol and approval authorized
by the Department of Pharmacy’s Institutional Ethics Committee, In-
ternational Islamic University Chittagong). Blood 500 pL has been
distributed to each of the three previously weighted micro-centrifuge
tubes to generate clots.

2.6.1.2. Streptokinase (SPK) preparation. A vial of 15,000,000 IU
(Sanofi Bangladesh Ltd.) was used for widely available lyophilized
streptokinase (SPK). 5 mL of sterile distilled water was introduced and
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accurately mixed with lyophilized streptokinase. This suspension used
100 pL (30,000 IU) as a stock for thrombolysis.

2.6.1.3. Thrombolytic test. The MEBS and its fractions (CTBS, DMBS,
BTBS) are conducted according to the procedure suggested for assessing
blood clotting response [50,51]. Upon clot removal, the serum was
completely removed without aggravating the clot, and each clot tube
was measured again to assess the weight of the clot (clot weight = clot
weight containing tube - tube weight alone). To use 100 pL of fluid
MEBS, CTBS, DMBS, BTBS as a test sample; and 100 pL of SK as a pos-
itive control and as a neutral non-thrombolytic control, 100 pL of saline
water were included individually for each of the three pre-weighted
micro-centrifugal tubes. All tubes were incubated for 90 min at this
stage and screened for clot lysis for about 37 °C. After incubation, the
fluid was withdrawn and the tubes were measured again to assess the
weight of the difference since the clot is disrupted. For five voluntary
blood samples, this study was conducted in a repetitive pattern three
times. The difference between weights is the rate of coagulation lysis
before and after lysis of the clot. The following equation has been used
for the calculation:

% clot lysis = = x 100. Where, Wr = Clot weight (g) and Wc = clot
weight (g).

2.7. In silico approaches

2.7.1. Docking and molecular modeling studies: preparation of protein

Proteins used in this study are the ones that are majorly involved in
the mechanism of action of the analgesic, anti-inflammatory, antipyretic
and clot lysis activity. Previously explained 2D structure of the proteins
namely: cyclooxygenase-1 (PDB ID: 20YE) [52], cyclooxygenase-2 (PDB
ID: 6COX) [53], mPGES-1 Inhibitor (PDB ID: 4YK5) [54], and tissue
plasminogen activator (PDB ID: 1A5H) has been downloaded from RCSB
protein data bank (https://www.rcsb.org/structure) in PDB format.
Employing the Discovery Studio, all water and heteroatoms from the
protein were eliminated. By assembling non-polar hydrogens and giving
the Gasteiger charge to them, proteins were organized. Besides, all the
proteins were brought down to the least energy state using UCSF
Chimera energy minimization before further analyses [55].

2.7.2. Docking and molecular modeling studies: preparation of ligand

From the UPLC-QTOF-MS analysis database of MEBS, the respective
PubChem identification numbers for these compounds further taken for
site-specific docking are Aloesone (PubChem ID: 5317700), Furo-
aloesone (PubChem ID: 639278), Sappanone A (PubChem ID: 9817274),
Isoliquiritigenin (PubChem ID: 638278), 3-Hydroxyflavone (PubChem
ID: 11349) [56]. The ligands were downloaded in the 2DSDF format and
minimized and converted into pdbqt format throughout PyRx tools to
the quest of the best optimal hit against the mentioned targets. PyRx
[57] from MGLTools (https://ccsb.scripps.edu/mgltools/) was used for
virtual screening using default settings.

2.7.3. Docking and molecular modeling studies: molecular docking studies

The PyRx AutoDock Vina was used to investigate the protein-ligand
binding mechanism of the selected protein-ligand complexes [57]. The
docking studies were carried out utilizing a semi-flexible docking
strategy. The structures of the phytochemicals were converted to pdbqt
format using the PyRx Autodock tools. Proteins were preserved inflex-
ible in this research, while ligands were kept flexible. The allowed de-
grees of freedom for ligand molecules were 10. The steps involving the
conversion of molecules into pdbqt format, box type, grid box genera-
tion, etc. were specified by AutoDock. The grid box was made keeping
the active site in the center of the box. The docking poses with the best
binding approaches were analyzed by using the BIOVIA Discovery stu-
dio visualizer [58].
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2.8. Swiss ADME/T analysis

Compounds pharmacokinetic characteristics can be easily ascer-
tained by SwissADME online server (http://www.swissadme.ch/index.
php). In this study, using molecular descriptors, many factors can be
discussed like- molecular weight, molar refractivity, lipophilicity,
Hydrogen bond donor, Hydrogen bond acceptor, number of the rotat-
able bond, percentage of absorption, topological polar surface area and
violations of Lipinski’s five rules can be measured and some active drug
which is given by orally also complying with extensively exploited drug-
likeness features to determine compounds pharmaceutical reliability.
Besides, the Ames mutagenesis, Carcinogenicity (binary), Plasma pro-
tein binding, and Acute Oral Toxicity have been determined in the quest
to analyze the toxicity parameters.

3. Statistical significance

Statistical analysis was interpreted as mean + standard error (SEM)
and the data were analyzed using GraphPad Prism 5.2 (GraphPad
Software, Inc., La Jolla, CA, United States). Statistical significance was
determined by a one-way variance analysis (ANOVA) followed by
Dunnett’s test where *p < 0.5, **p < 0.01, ***p < 0.001 were deemed
statistically significant., Linear regression analysis was also applied to
observe the dose-dependent existence of the antinociceptive function
where appropriate.

4. Results
4.1. Chemical analysis by UPLC-QTOF-MS method

The secondary metabolites in the methanol extract with better
retention times were identified as 5,7-Dihydroxy-6,8-dimethyl-3(R)-(3’-
methoxy-4’-hydroxybenzyl)chroman-4-one, 6-Hydroxy-2-[2-(4- hydrox-
yphenyl) ethyl] chromone, 7-Hydroxy-3-(4’-hydroxybenzylidene)-chro-
man-4-one, 5-Hydro-7,8,2’-Trimethoxyflavanone, 3-(4’-Hydroxy-benzyl)
-5,7-ihydroxy-6,8-dimethyl-chroman-4-one, Kuwanon Las flavonoids and
Polydatin, Nobilin D, Albaspidin AA, Torachrysone-8-O--D-glucopyr-
anoside, Meliadanoside B as phenolic compounds. In 20 min retention
time, the methanol extract of B. scandens stems has exhibited a wide
number of phenolic compounds entirely eluted between 0 and 17 min.
The summary of the identified compounds as an output of UPLC-QTOF-
MS analysis of MEBS briefly summarized in Supplementary 1.

4.2. Acute oral toxicity

For all test samples, a dosage range of 50-3000 mg/kg did not lead to
any unusual signs of toxicity or behavioral deviations (sedation and
over-excitation) during the acute oral toxicity test. On the other hand,
mortality and other physiological variations (allergic reaction and
weight loss) have not been documented within 72 h after oral care of the
samples. The outcomes revealed that the research samples introduced in
this study did not have toxic impacts on animal models up to 3000 mg/
kg/kg (data not shown).

4.3. Acetic acid-induced nociception

The effects of MEBS, CTBS, DMBS, and BTBS on antinociceptive
behavior were investigated in Swiss albino mice by conducting writhing
experiments. The percentage of body twist defense was counted as an
antinociceptive index in this study. All four-dose (50 mg/kg, 100 mg/
kg, 200 mg/kg, 400 mg/kg) of MEBS, CTBS, DMBS, and BTBS showed
significant (p < 0.001) suppression of pain response. The amount of
writhing decreased with the rise in dosage. MEBS showed the highest
writhing inhibition among all the test samples (Fig. 1). MEBS 400 mg/kg
and BTBS 400 mg/kg significantly (p < 0.001) inhibited the writhing
which was near to that of diclofenac sodium.
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Fig. 1. Effects of various test doses on the antinociceptive study of the MEBS, CTBS, DMBS and BTBS samples of Bauhinia scandens stems on the acetic acid-induced
writhing test in mice. Values are presented as mean + SEM; One-way analysis of variance (ANOVA) was followed by Dunnett’s test. *p < 0.05, **p < 0.01 and

***p < 0.001 was considered as significant compared with the control, where # is designated as control. MEBS = methanol extract of B. scandens stems,
CTBS = carbon tetrachloride fraction of B. scandens stems, DMBS = di-chloromethane fraction of B. scandens stems, BTBS = n-butanol fraction of B. scandens stems,

TWN = 1% Tween 80, and DCS = diclofenac sodium.
4.4. Formalin induced licking test

Formalin was subjected to produce a paw-licking reaction in labo-
ratory animals. In this experiment, 2.5% of sub-plantar injection of
formalin solution was utilized to demonstrate two phases of unpleasant
sensation in mice. During the investigation time, the MEBS, CTBS, DMBS
and BTBS test samples (p < 0.001) greatly decreased the percentage of
hind paw liquidation cessation in mice at both early (neurogenic pain)
and late (inflammatory pain) stages. The test sample response (CTBS)
has been linked to ibuprofen, which is commonly used as an anti-
inflammatory drug. Observed impacts of all test doses were shown in
(Fig. 2). The highest percent of inhibitions of hind paw licking was
yielded mostly for MEBS 400 mg/kg. The significant (p < 0.001) inhi-
bition by MEBS and BTBS 400 mg/kg was found comparable to that of
ibuprofen.

4.5. Brewer yeast induced pyrexia

After 18 h, the administration of Brewer yeast suspension through
the subcutaneous route raised the rectal temperature significantly.
Alongside the Indomethacin (4 mg/kg, i.p), the MEBS, CTBS, BTBS and
DMBS (50, 100, 200 and 400-mg/kg) have been administered to the
mice and the test samples yielded significant (p < 0.05) dose-dependent
antipyretic effectivity. The maximum inhibition of pyrexia was pro-
duced by DMBS 400 mg/kg whose inhibition rate is close to the pre-
scribed drug Indomethacin 4 mg/kg, i.p (Table 1).

4.6. Thrombolytic effects

The addition of 100 pL SK, a positive control (30,000 I.U.) of clots
along with 90 min incubation at 37 °C, showed 66.09 + 2.37% of clot
lyse. Clots showed negligible clot lysis (3.98 + 0.30%) when dealt with
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Fig. 2. Effects of various test doses on the anti-inflammatory effect of the MEBS and its fractions on the formalin-induced licking test in mice. Values are presented as
mean + SEM; One-way analysis of variance (ANOVA) was followed by Dunnett’s test. *p < 0.05, **p < 0.01 and ***p < 0.001 was considered as significant
compared with the control, where # is designated as control. MEBS = methanol extract of B. scandens stems, CTBS = carbon tetrachloride fraction of B. scandens
stems, DMBS = di-chloromethane fraction of B. scandens stems, BTBS = n-butanol fraction of B. scandens stems, TWN = 1% Tween 80, and IBF = ibuprofen.

100 pL saline water (negative control). Statistically very significant was
only the mean difference in the percentage of clot lysis between positive
and negative control. The percentage of clot lysis was yielded for MEBS
of 45.77 +2.168%, for CTBS of 34.70 +2.13%, for DMBS of
29.95 + 2.16% and BTBS of 27.38 + 2.60%, respectively. The percent-
age of MEBS and its fractions with positive and negative controls for clot
lysis behavior is seen in (Fig. 3).

4.6.1. Docking analysis for analgesic, anti-inflammatory and antipyretic
study

The cyclooxygenase -1 receptor (20YE) was docking against ten
selected compounds which was previously resulted from the previously
UPLC-QTOF-MS analysis of MEBS. The binding affinity was measured
based on docking score and regarding the score 3-Hydroxyflavone,
aloesone, Sappanone A illustrated vital binding affinity to the re-
ceptors. 3-Hydroxyflavone (— 9.2 kcal/mol) and Sappanone A
(— 8.6 kcal/mol) displayed the highest binding affinity to the
cyclooxygenase-1 and cyclooxygenase-2, respectively. 3-Hydroxyfla-
vone binds to the cyclooxygenase-1 receptor by a series of amino
acids: conventional hydrogen bond (ser530), pi-sigma (trp387, leu352,
ile523), pi-pi T shaped (tyr384, gly526), amide-pi stacked (leu384), pi-
alkyl (ala527).

The receptor as cyclooxygenase -2, 6COX was docked against all ten
compounds. Where Protosappanin A showed maximum binding affinity
and Caffeate exhibited the least binding affinity rather than other com-
pounds. According to the docking score, the docking score formed as fol-
lows: Sappanone A > Furoaloesone > Aloesone > Isoliquiritigenin > 3-
Hydroxyflavone > Diclofenac Sodium. Sappanone A bonded to the
cyclooxygenase -2 throughout the amino acid residues: conventional
hydrogen bond (asn375, gly533, arg376), pi-sigma (leul45) and pi-alkyl
(pro538).

mPGES-1 Inhibitor (4YK5) receptor was also used in the docking
analysis against a number of compounds found by the chromatography
of MEBS. In this analysis, Isoliquiritigenin (— 5.3 kcal/mol) revealed the
least binding affinity to the 4YK5 and Furoaloesone (— 5.3 kcal/mol)
formed the best binding affinity to the docked receptor. Demonstrating
the highest to the lowest binding affinity of docking rank is as follow:
Ibuprofen > Furoaloesone > Aloesone > Sappanone A > 3-Hydroxy-
flavone > Isoliquiritigenin. Furoaloesone interacts with the mPGES-1
inhibitor via a series of residues named: ser20, leu83, val24. The bind-
ing interaction score among the cyclooxygenase -1, cyclooxygenase -2
and mPGES-1 has been illustrated in Table 2 and Fig. 4.
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Table 1

Biomedicine & Pharmacotherapy 143 (2021) 112185

Brewer’s yeast induced hyperpyrexia inhibition report of MEBS, CTBS, DMBS, BTBS and control samples in mice model.

Treatment  Dose (mg/kg-b.w; p. Normal rectal temperature Rectal temperature (°C) after yeast Rectal temperature (°C) after drug administration

0) Q) administration i - -

60 min 120 min 180 min

TWN - 80 10 mL/kg 35.29 4+ 0.30 40.13 £+ 0.68 40.90 + 0.53% 40.41 + 0.27% 40.34 + 0.63%
IDM 4 (i.p) 35.25 + 0.27 39.20 + 0.27 35.39 + 0.64***  35.18 + 0.35***  35.53 £ 0.38***
MEBS 50 35.90 + 0.55 40.10 + 1.2 40.44 + 0.34 40.60 + 0.48 40.20 + 0.34
CTBS 50 35.24 + 0.41 39.66 + 0.92 40.38 + 1.44 40.78 + 0.65 41.30 + 0.55
DMBS 50 36.12 + 0.82 39.50 + 0.28 38.23 + 0.16* 38.44 +0.88 38.10 + 0.40
BTBS 50 35.20 + 0.87 39.38 + 0.23 40.10 + 0.70 40.50 + 0.55 40. 80 + 0.22
MEBS 100 34.88 + 0.56 39.84 + 0.54 37.36 + 1.02* 37.12 + 0.78** 37.56 + 0.52*
CTBS 100 35.50 + 0.65 39.88 + 0.55 40. 55 + 0.88 40.34 + 0.47 40.00 + 0.88
DMBS 100 34.95 + 0.41 38.95 + 0.87 37.20 + 0.30* 36.95 + 0.33** 36.80 + 0.85**
BTBS 100 36.25 + 0.55 39. 87 +0.88 40.36 + 0.46 39.80 + 0.45 39.20 + 0.50
MEBS 200 35.40 + 0.39 39.02 + 0.36 36.66 + 0.15** 35.54 + 0.02%** 36.87 + 0.36**
CTBS 200 36.20 + 0.43 40.05 + 0.45 39.45 + 0.44 38.95 + 0.17* 38.50 + 0.55*
DMBS 200 36.15 + 0.23 39.32 + 0.70 35.34 £ 0.33***  35.20 + 0.88***  35.05 + 0.20***
BTBS 200 35.85 + 0.67 39.32 + 0.56 38. 44 + 0.90* 38.00 + 0.88* 37.82 + 0.56**
MEBS 400 36.00 + 0.32 39.74 + 0.49 36.00 + 1.01%* 35.67 + 0.74***  36.26 + 0.20**
CTBS 400 35.45 + 0.45 39.68 + 0.38 38.60 + 0.30* 38.25 + 0.77* 37.85 + 0.34%*
DMBS 400 35.23 + 0.66 39.20 + 1.05 35.30 + 0.80***  34.80 + 0.44***  34.22 + 0.68***
BTBS 400 35.60 + 0.34 39.66 + 0.90 37.88 + 0.56** 37.10 + 1.30** 36.85 + 0.74**

Effects of the test samples (MEBS, CTBS, DMBS and BTBS) on the hyperpyrexia inhibition test in mice (n = 6). Values has been presented as mean + SEM; One-way

analysis of variance (ANOVA) followed by Dunnett’s test. *p < 0.05, **p < 0.01, and *

p < 0.001 is considered as significant compared with the control, where # is

designated as control. MEBS = methanol extract of Bauhinia scandens, CTBS = carbon tetrachloride fraction of Bauhinia scandens, DMBS = Dichloromethane fraction
of Bauhinia scandens, BTBS = n-butanol fraction of the Bauhinia scandens stems, TWN = 1% Tween 80, and IDM = Indomethacin.
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Fig. 3. Clot lysis effects by Saline water, Streptokinase, MEBS, CTBS, DMBS,
and BTBS. Anti-coagulant values are presented as mean + SEM (n = 5); One-
way analysis of variance (ANOVA) was followed by Dunnett’s test. *p < 0.5,
**p < 0.01, ***p < 0.001 was considered as significant compared with the
control, where # is designated as control. MEBS = methanol extract of
B. scandens stems, CTBS = carbon tetrachloride fraction of B. scandens stems,
DMBS = di-chloromethane fraction of B. scandens stems, BTBS = n-butanol
fraction of B. scandens stems, SW = saline water, and SPK = streptokinase.

4.6.2. Docking for thrombolytic analysis

In the thrombolytic experiment, a known receptor tissue plasmin-
ogen activator (1A5H) has been intended to dock against all the selected
phytoconstituents to check binding interaction compatibility. Con-
fusarin Aloesone (— 6.9 kcal/mol) displayed a better binding affinity
compared to other compounds. According to the docking score, we
can rank them as- Aloesone > Isoliquiritigenin > Sappanone A >
Streptokinase > Furoaloesone > Flavonol, which was illustrated
maximum to minimum binding affinity. The interaction of selected
compounds and the 1A5H receptor has been postulated in Table 2 and
Fig. 4.

Table 2
The docking score of screened phytochemical’s binding at the active site of the
selected proteins and their important interactions with various amino acid
residues.

Compounds Analgesic, Anti- Thrombolytic
Inflammatory and Anti-
pyretic
20YE 6COX 4YK5 1A5H
Aloesone -8.3 -7.8 -5.7 -6.9
Furoaloesone -8.3 -8.0 -5.9 -6.0
Sappanone A -85 -8.6 -5.6 -6.5
Isoliquiritigenin -8.7 -7.5 -5.3 -6.1
3-Hydroxyflavone -9.2 -7.8 -55 -5.5
Standard drugs (Diclofenac Sodium/ -7.8 -6.4 -8.2 -6.4
Ibuprofen/Indomethacin/
Streptokinase)

4.7. Swiss ADME/T

Consequent to Lipinski’s five rules, identified compounds’ pharma-
cokinetic particularity can easily be ordained from an online site Swis-
sADME. The ADME characteristics (absorption, distribution,
metabolism, elimination of finding compounds exhibited in Table 3. All
selected particularity was familiar to cell permeation, bioavailability
and metabolism. Compounds forecasting properties have remained
within the limit.

5. Discussion

After the analysis using UPLC-QTOF/MS process, pharmacological
and computer-aided studies were carried on to explore the analgesic,
anti-inflammatory, antipyretic and thrombolytic importance of different
solvents soluble plant extract of B. scandens.

The examined samples individually showed some distinctions upon
investigation. In the present study, the analgesic, antipyretic, throm-
bolytic and anti-inflammatory effects of the methanol extract along with
their varying fractions of Bauhinia scandens L. stems were analyzed. The
side effects involved with the commercially available treatments such as
toxicity and embolism during treatment of stroke and cardiovascular
complications have added some serious uncertainty and limited the
usage of prescription medicines and as a result, the concern shifted
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Table 3

Absorption, digestion, metabolism, excretion and toxicological (ADME/T) properties of the compounds for good oral bioavailability.
Compound Name PID MW HBA HBD Log P MR HIA AM CAR PPB AOT - kg/mol
Aloesone 5317700 232.23 4 1 1.70 64.25 0.9787 0.6500 0.9714 0.592 1.859
Furoaloesone 639278 256.25 4 0 2.46 72.00 0.9810 0.5400 0.9429 0.776 1.981
Sappanone A 9817274 284.26 5 3 1.96 76.70 0.9911 0.5400 0.9078 0.958 2.634
Isoliquiritigenin 638278 256.25 4 3 2.37 72.32 0.9803 0.8400 0.5367 0.620 1.966
Flavonol 11349 238.24 3 1 2.84 69.94 0.8429 0.5900 0.9602 1.299 2.24

PID = PubChem ID, M.W = Molecular weight, HBA = H-bond acceptors, HBD = H-bond donors, LogP = partition coefficient (lipophilicity), MR = Molar Refractivity,
HIA = Human Intestinal Absorption, AM = Ames mutagenesis, CAR = Carcinogenicity (binary), PPB = Plasma protein binding, AOT = Acute Oral Toxicity.

towards herbal sources to discover novel antithrombic agents (anti-
platelet and anticoagulant) [59]. Several studies were carried out by
scientists and the recent study found that plant constituents are
responsible for provoking antagonistic coronary disease and stokes [16].
Again it is said that cell line tissues are linked to plasminogen to cause
plasmin leading to fibrinolysis [60]. Three key activities in
plasminogen-receptors have been presumed to acquire plasminogen.
Firstly, plasminogen in a given micro-environment; second, the mole-
cule is connected with a plasminogen-bound receptor; and lastly, plas-
minogen is protected against inactivation by a2-antiplasmin [61]. In this
study, MEBS, CTBS, DMBS have shown that BTBS has a moderate
thrombolytic activity; this effect may include the involvement of asso-
ciated phytoconstituents in MEBS, CTBS, DMBS and BTBS that affecting
the activation of plasminogen by fibrin-independent mechanism, as well
as by fibrin-dependent mechanisms that can be near streptokinase (SK).
Contrasting the complete test sample, MEBS attained highest thrombo-
lytic potentiality.

The other consequence of the current research has shown a fasci-
nating peripheral antinociceptive effect caused by acetic acid as well as
the relief of formalin exposure neurogenic and inflammatory pain
response while the acetic acid-induced writhing experiment is used to
evaluate both central and peripheral analgesic drug activity [62]. The
deduction of the arachidonic acid synthesis would lead to this activity.
Ache may also be triggered by the liberation of numerous endogenous
and non-endogens, such as serotonin, bradykinin, and capsaicin, which
contribute to peripheral damaged neurons. Such fibers are responsive to
opioids as well as for non-steroids [63]. Acetic acid injection in the
intraperitoneal route causes pains through chemosensitive nociceptors
activation [64] or visceral surface inflammation, which activates his-
tamine, prostaglandins, serotonin and bradykinin secretions [65]. The

writhing experiment can thus determine the antinociceptive capacity of
nonsteroidal anti-inflammatory (NSAID) drugs [64]. The anti-
nociceptive activities were demonstrated by MEBS, CTBS, DMBS, and
BTBS fractions to facilitate the writhing experimentation.

Pyrexia is generated by subcutaneous injection of Brewer’s Yeast
through boosting prostaglandin production. This method has been
perceived as an important test for determining the antipyretic activity of
crude extracts or biologically active compounds [66]. Pathogenic fever
is caused by Yeast and its etiology may be traced back to the generation
of prostaglandins; [67] therefore, inhibiting prostaglandin synthesis or
inhibiting cyclo-oxygenase enzyme can be the mechanism of action of
paracetamol for its antipyretic action. So, to recapitulate, there are
several mediators for pyrexia and the inhibition of these mediators is
responsible for the acquired antipyretic effect [68].

The neuron signal sent to the central nervous system in response to
pain due to the release of inflammation-inducing mediators such as
prostaglandins leads to increased sensitivity to nociceptors [69]. Such
reactions can be described as a usual form of inflammatory pain under
which sensory neurons are depolarized via precisely behaving on a
non-selective cationic channel of cutaneous, visceral and other forms of
peripheral afferent C fibers [70]. mPGES is a crucial target to acquire
analgesic, anti-inflammatory and antipyretic activities. Prostaglandin
E2 (PGE2) functions as a major pro-inflammatory prostanoid to mediate
hyperpyrexia and pain sensation as a response to inflammation in
various disease states including neurodegenerative disease, chronic
pains, CVD (cardiac complications) and cancers [71]. Arachidonic acid
(AA) converted to prostaglandin H2 (PGH2) by COX-1 or COX-2 is
transformed into PGE2 with the aid of prostaglandin E synthase (PGES)
[72,73]. In spite of having properties of selective COX -2 inhibition by
second-generation NSAIDs such as celecoxib, valdecoxib and rofecoxib,
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1st generation NSAIDs like aspirin imposes non-selectivity during COX
inhibition during pain and fever management [74]. The COX-2 in-
hibitors still possess few notorious adverse effects including risk eleva-
tion of fatal heart attack or stroke along with intestinal or stomach
erosion, which force the withdrawal of valdecoxib and rofecoxib though
celecoxib is still clinically used. The causative factors behind these side
effects reside in inhibition of PGH2 synthesis by COX inhibitors as
physiologically important prostaglandins are downstream of PGH2 e.g.,
inhibition of PGI2 synthesis can welcome noteworthy cardiovascular
disease [75].

Based on the previous studies, Microsomal PGES-1 (mPGES-1),
which is an inducible enzyme and a crucial central switch in pyresis [76]
can be a more potent target to treat inflammatory response due to
having no effect on PGI2 and other prostaglandins synthesis upon the
occasion of mPGES-1 inhibition unlike the cessation of COX - 1/2.
mPGES-1 expression is not very rich in most tissues like the heart and
brain in spite of having a profuse exposure in few organs only such as
reproductive organs [77] and kidney [78]. In human physiology, Protein
mPGES-1 is associated with different inflammation-related disease
conditions e.g., overexpression of mPGES-1 was reported in cardiac
tissues after MI (myocardial infarction) and in Alzheimer’s disease tis-
sues [79]. NSAIDs can be classified into six major chemical groups to
tackle inflammatory responses, among which cessation of prostaglan-
dins formation (as well as prostacyclin and thromboxane) from arach-
idonic acid via inhibition of cyclooxygenase enzymes 1 and 2 (COX-1
and COX-2 [80], also familiar as prostaglandin synthase) is the main
mechanism of action to alleviate nociceptive signal transduction [51,
81]. The classification of the COX enzymes is to some extent ambiguous
as the synthase enzyme possesses both a cyclooxygenase (COX) and a
peroxidase (POX) binding site [82]. COX-1 enzyme, the regulator of
normal cellular responses, is not equally distributed in all tissues where
COX-2, which is profoundly inducible during inflammation and in re-
turn triggers pro-inflammatory prostaglandins production is usually
untraceable in most tissues except in the kidney, bone and brain for its
constitutive expression [83]. In spite of having different mechanisms
associated with inflammation, prostaglandins are widely accepted major
inflammatory regulators and variation in the expression of COX-1 and
COX-2 enzymes at the inflammation sites mediate these prostaglandins
synthesis [84]. Depending on the generic of NSAIDs, the target and
degree of COX inhibition can be different [85]. Non-selective NSAIDs
such as oxicams which inhibit both COX-1 and COX-2 show less speci-
ficity and affinity for the COX-2 enzymes than COX-2 inhibitors, which
are known as “coxibs” [86]. Apart from few studies on the coxibs, the
degree of inhibition and COX selectivity correlates inadequately with
the degree of anti-inflammatory activities [87]. COX-2 plays a major role
in inflammation response though the effect of enzyme’s inhibition is not
entirely elucidated. Obstruction or inhibition of prostaglandin secretion
by cyclooxygenase (COX) is another potential mechanistic pathway
behind the analgesic effect of crude extracts [88].

In addition, anti-inflammatory research was conducted following a
paw licking test induced by formalin. In this analysis, the licking time
was shortened in the early and late phases after the administration of the
crude extract. The response to formalin introduction occurs in the early
and late phases, while the early phase is directed by peripheral stimuli
and the late phase is indebted to the combination of an inflammatory
reaction in the peripheral tissue and physiological modifications within
the dorsal horn of the spinal cord [89]. The C-fiber barrage in the early
phase seems to cause these functional modifications [90]. The second
phase of the cycle is defined as inflammatory pain attributed to the
release of chemical mediators such as serotonin, histamine, prosta-
glandin, bradykinin and amino acids that would be hindered by anti-
inflammatory drugs and painkillers [91]. Particular and active BK
(bradykinin) receptor antagonists have had a defined antinociceptive
effect on the concept of persistent pain, which strongly ascertains the
opinion that intradermal formalin injections within the mouse’s hind
paw play a vital part both in the first and second phases in the peripheral

10

Biomedicine & Pharmacotherapy 143 (2021) 112185

nociceptive response [92]. Through extension, the outcome also states
that bradykinin (BK) receptors (B and B2) are implicated in both the
early and late phases during the remedy of nociceptive behavior in al-
bino mice [93]. The selective B receiver antagonist, des-Arg9-[Leu8]-BK
as well as the most active and selective B2 receptor antagonist are the
prerequisite for these simulations [93].

Historically, plant-derived compounds were regarded as a promising
source of drug development. Numerous prior researches have shown
phytochemicals’ efficacy in a variety of illnesses, including cancer,
cardiovascular disease, diabetes, and hepatic complications [94-96].
Extraction of phytochemicals has recently been recognized as a spec-
tacular research topic for lead identification of active pharmacological
components but the most significant difficulty encountered during
extraction processes is co-extract interference with the target chemicals
[97]. Established results from various researchers have suggested
UPLC-QTOF-MS for the quality control assessment of several phytome-
dicines [98]. UPLC-QTOF-MS analysis is crucial not only due to sensi-
tivity but also for its specificity and enhanced resolution support by
UHPLC systems [99]. However, there may have a presence of multiple
phytoconstituents that can be inferred by the UPLC-QTOF-MS method.

Plants are inevitably copious with secondary metabolites holding
diversified roles notably included with protective mechanisms coun-
tering infectious agents [100]. Upon the conduction of UPLC-QTOF-MS
analysis of MEBS extract, compounds having significant analgesic,
anti-inflammatory, antipyretic and thrombolytic activities were found.
The molecular docking or computational approach is profoundly uti-
lized to predict the interactions between ligand and macromolecules to
avail well insight into the pharmacological properties of bioactive
phytoconstituents [101,102] along with their probable mechanism of
action and binding modes inside the enzymes’ binding pocket [41]. To
find a concise idea about analgesic, anti-inflammatory, antipyretic and
thrombolytic activities B. scandens, some identified phytochemicals
from this plant were subjected to molecular docking. Molecular docking
demonstrated that the chemical could fit into the pocket of the crystal-
lographic enzyme [103]. Four macromolecules (target proteins), i.e.,
cyclooxygenase-1 (PDB ID: 20YE), cyclooxygenase-2 (PDB ID: 6COX),
mPGES-1 Inhibitor (PDB ID: 4YK5), and tissue plasminogen activator
(PDB ID: 1A5H) were chosen to conduct molecular docking and these
data revealed that Flavonol, Protosappanin A and Confusarin exhibited
strongest binding affinities with these macromolecules.

All identified phytoconstituents were further assessed using the on-
line prediction program ADME analysis to report pharmacokinetics,
drug-likeness and physicochemical attributes of the compounds based
on Lipinski’s rule of five. Compounds having a molecular weight of
< 500 amu, < 5 Hydrogen bond donors, < 10 Hydrogen bond acceptors
and a lipophilicity value (LogP) of <5 have high permeability along
with pronounced absorption and bioavailability properties. The total
bunch of the selected phytochemicals was reported exhibiting orally
active drug-likeness properties according to Lipinski’s rule. Among
those, most of the compounds adhered to Lipinski’s rule greatly, which
refers to good bioavailability and the possibility of being a lead com-
pound and given toxicity concerns associated with the phytochemical is
asking for further studies.

6. Conclusion

In conclusion, MEBS and its fractions have been found to possess
significant antinociceptive effects with varying efficacy. These findings
revealed that amid all the test samples of B. scandens stems, methanol
extracts attained the highest thrombolytic and antinociceptive potential
followed by carbon tetra-chloride, di-chloro-methane, and n-butanol
fractions. Further investigation is required to isolate and characterize
active constituents from the samples responsible for the reported ther-
apeutic properties.
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