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ARTICLE INFO Abstract

Medicinal plants have been used from prehistoric times as first source of health 
care to fight infectious and non infectious diseases. Most of these medicinal plants 
may have scientific evidence to be considered in general practice. Various parts of 
Bauhinia acuminata is employed in the treatment of glandular swelling, skin diseases 
and ulcer etc. The aim of this work was to investigate the antioxidant capacities and 
anti-inflammatory activities of the methanol extract of stem bark of B. acuminata and 
its different fractions. Crude Methanol Extract (CME) of stems and its various fractions 
such as Chloroform (CHF), Ethyl Acetate (EF), and Aqueous (AQF) were subjected to 
assay for antioxidant activity using various methods of assay like 2, 2-Di Phenyl Picryl 
Hydrazyl (DPPH), hydrogen peroxide and hydroxyl radical-scavenging activity. Total 
phenolics and flavonoids were determined by Folin-Ciocalteu and colorimetric methods. 
Anti-inflammatory activity was evaluated by carrageenan and formalin induced hind 
paw edema model.

The results showed that all the fractions and crude methanol extract were found to 
have variable levels of antioxidant properties in all antioxidant assays but Ethyl Acetate 
Fraction (EAF) had highest antioxidant activity based on DPPH (IC50=18.89 μg/ml) and 
hydrogen peroxide (42.78%) radical scavenging capacity. Furthermore, the stem bark 
contains phytochemicals like flavonoids and phenolics that are excellent free radical 
scavengers. The crude methanol extract and its fraction CHF significantly reduced 
the paw edema and WBC mobilization in rats. Among the sample CHF was found to 
significantly reduced the carragenan induced rat paw edema (94.29%; 250 mg/kg 
b.w.) as compared to standard drug diclofenac sodium. The results of the present study 
indicate that stem bark of B. acuminata has the potential to be a powerful antioxidant 
and also possess significant anti-inflammatory activity.

Introduction
Reactive Oxygen Species (ROS) results from oxidative stress 

due to the improper balance between ROS and antioxidant is an 
important factor in the pathogenesis of various diseases, such as 
cardiovascular disorders, neurological conditions, Parkinson’s 
disease, rheumatoid arthritis, and ageing [1]. Common free radical 
or Reactive Oxygen Species (ROS) are the hydroxyl radical, the 
superoxide anion radical, hydrogen peroxide, singlet oxygen, nitric 
oxide radical and hypochlorite radical. Antioxidants are agents and 
molecules that can reduce and limit oxidative damage to biological 
structures by scvenging the free radicals, neutralize the harmful 
free radicals before ROS can attack the cells and prevent damage 
living cells, proteins, enzymes and DNA etc. They break off the chain  

 
reactions via the removal of free radical and inhibit other oxidation 
reactions. Antioxidants synthesized in the body, including all 
antioxidant proteins and various small molecules, form a defense 
against oxidative stress, and their levels in the body cannot be 
altered by simple means.

On the other hand, the levels of antioxidant vitamins such 
as ascorbate, α-tocopherol, β-carotene and phytochemicals viz. 
polyphenols, flavonoids, can be increased easily by supplementation 
[2]. Enzymatic antioxidants include Superoxide Dismutase (SOD), 
Glutathione Peroxidase (GPx), Catalase (CAT), and micronutrients 
such as, selenium in glutathione, and copper and zinc in SOD as 
integral components of metallo enzymes [3]. Synthetic antioxidants 
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such as Butylated Hydroxytoluene (BHT), Butylated Hydroxyanisole 
(BHA), tertiary butylated hydroquinone and gallic acid esters which 
are used in food industries now have restricted use in foods due 
to their prompt negative health effects [4]. So, there has been a 
growing interest in replacing commercial antioxidants with natural 
ingredients. Moreover, natural antioxidants are considered to be 
safe and environmentally friendly and they play a very important 
role in the physician’s therapeutic armamentarium. Currently, the 
use of plants and herbs with antioxidants is gaining importance.

The anti-oxidative activity has been confirmed contributing 
inflammatory preventions for its multiple functional roles. The 
production of oxidants is a typical event associated with aerobic 
metabolism. When oxygen is supplied in excess or its reduction 
is insufficient, reactive oxygen species or free radicals such as 
superoxide anions, hydroxyl radicals and hydrogen peroxide are 
generated [5]. Accumulation of the free radicals in body organs 
or tissues can cause oxidative damage to biomolecules and 
membranes of cell, eventually leading to many chronic diseases, 
such as inflammatory, cancer, diabetes, aging, cardiac dysfunction 
and other degenerative diseases [6]. In the last 50 years, antioxidant 
and anti-inflammatory activities of extracts from medicinal or food 
plants have been extensively investigated. Many pharmacological 
studies have shown that extracts of some antioxidant plant possess 
anti-inflammatory, anti-allergic, anti-tumor, anti-bacterial, anti-
mutagenic and anti-viral activities to a greater or lesser extent.

Trouillas et al. investigated the antioxidant, anti-inflammatory 
and anti-proliferative properties of sixteen French herbal tea and 
found some herbs exhibited high antioxidant, anti-inflammatory 
and anti-proliferative activities [7]. Antioxidant activities in twenty 
traditional anti-inflammatory herbs extracts were investigated. 
The results suggested that the anti-inflammatory activities 
of these extracts could be explained, at least in part, by their 
antioxidant properties [8]. Free radicals liberated from phagocyte 
cells are important in inflammatory processes, because they are 
implicated in the activation of nuclear factor kB, which induces the 
transcription of inflammatory cytokines and cyclooxygenase-2 [9]. 
B. acuminata is a member of the Fabaceae family locally known 
as Shwet Kanchan. The plant is used in the treatment of common 
cold and cough [10]. The bark and leaves in a decoction can relieve 
biliousness and asthmatic attack [11]. The bark and leaves in a 
decoction also used to treat stones in the bladder, venereal diseases 
and leprosy.

The paste of the leaves applied on the throat is beneficial for 
throat troubles and to treat skin diseases. The root is boiled in oil 
and applied to burns [12]. Khammuang et al. [13] reported that 
crude extract of B. acuminata seeds showed strong antibacterial 
activity against various pathogenic bacteria. Anti-inflammatory 
activity of the leaves of this plant was reported by Mohammed et al. 
[14]. Therefore, B. acuminata is one of the famous plant based drugs 
used in traditional medicine. In the present study, we evaluated 

the antioxidant and anti-inflammatory effect of stem bark extract 
for the first time using different assay system to characterize its 
significance as a drug in traditional medicine. 

Material and Methods

A. Plant Collection and Preparation of Extracts: The stem 
bark of B. acuminata was collected from University of Rajshahi, 
during August to September. The plant was identified by Botany 
Department, University of Rajshahi. The stem bark of the plant was 
thoroughly washed under running tap water and cut into very small 
pieces dried under shade, pulverized in a mechanical grinder and 
then extracted. Cold maceration technique was used for extraction. 
The coarse powders (800 gm) were soaked in methanol at room 
temperature. After 7days, the extract was filtered under vacuum 
through Whatman filter paper No.1. The filtrate was combined and 
methanol was evaporated under vacuum, using rotary evaporator 
at 45°C to yield greenish-colored extract. The quantity of extract 
obtained was 150 gm.

B. Fractionation: Fractionation was carried out by 
suspending the Crude Methanol Extract (CME) in 150 ml water 
separately and partitioning with different organic solvents 
n-hexane, chloroform and ethyl acetate in order of increasing 
polarity by using separating funnel. All fractions of the stem bark 
extracts were dried by evaporating respective solvent using rotary 
evaporator to give finally 26 gm of Ethyl Acetate Extract (EAF), 15 
gm of Chloroform Extract (CHF), 9 gm of Hexane Extract (HF) and 
the remaining 75 gm of Aqueous Extract (AQF). All extracts were 
stored at 4°C until use.

C. Total Phenolic Content and Flavonoid Content: Total 
polyphenols were determined by the Folin-Ciocalteu method used 
by Mahfuza et al. [15] in samples. 40 µl of samples were mixed with 
200 µl of Folin-Ciocalteu reagent, 600 µl of 20% sodium carbonate 
solution and 2.16 ml of distilled water. After 2 h, absorbance at 765 
nm was read in the spectrophotometer. Total polyphenol content 
of extracts was expressed as mg of gallic acid equivalents (mg of 
GAE)/gm of extract through the calibration curve of gallic acid. Total 
flavonoid content was measured using a colorimetric assay [16]. An 
aliquot (500 µl) of diluted sample or standard solution of catechin 
was added to 150 µl of NaNO2 solution (7%), and mixed for 6 min 
with 2.5 ml distilled water, before adding 300 µl AlCl3 (10%). After 
5 min, 0.5 ml of NaOH solution (1 M) was added. The final volume 
was adjusted to 5 ml, thoroughly mixed, and the absorbance of the 
mixture was determined at 510 nm. Total flavonoid content was 
expressed as mg of catechin equivalent (mg of CE)/gm of extract, 
through the calibration curve of catechin.

In vitro Antioxidant Activity 

The radical scavenging effects of B. acuminata stem bark 
extract/fractions were evaluated against DPPH, hydrogen peroxide 
and hydroxyl radicals.
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1, 1-Diphenyl-2-Picryl Hydrzyl (DPPH) Radical-Scavenging 
Assay: The radical scavenging capacity was determined by the 
modified DPPH method [17]. A methanol solution containing 
0.008% DPPH was prepared. After adjusting the blank with 
methanol, an aliquot of extracts and standard concentration 
ranging from 10 to100 µg was added to 2.5 ml of this solution and 
volume was adjusted to 5 ml with distilled water. The decrease in 
absorbance at 517 nm was measured after 30 minutes. The free 
radical scavenging capacity was expressed as the concentration of 
the samples required to reduce the original amount of free radicals 
by 50% (IC50).

Hydrogen Peroxide Scavenging Activity Assay: Hydrogen 
peroxide scavenging activities of the extracts were estimated by 
replacement titration [18]. Aliquot of 1.0 ml of 0.1 mM H2O2 and 
1.0 ml of various concentrations of extracts were mixed, followed 
by 2 drops of 3% ammonium molybdate, 10 ml of 2M H2SO4 and 
7.0 ml of 1.8 M KI. The mixed solution was titrated with 5.09 mM 
Na2SO3 until yellow color disappeared. Percentage of scavenging of 
hydrogen peroxide was calculated as:

0 1 0% [( ) / ] 100Inhibition V V V= − ×

Where, 0V  was volume of Na2SO3 solution used to titrate the 
control sample in the presence of hydrogen peroxide (without 
extract), 

1V  was the volume of Na2SO3 solution used in the presence of 
extract.

Hydroxyl Radical Scavenging Assay: The extent of hydroxyl 
radical scavenging from Fenton reaction was quantified using 
2’-deoxyribose oxidative degradation as described by Halliwell et 
al. [19]. The reaction mixture containing FeCl3 (100 mM), EDTA 
(100 mM), H2O2 (1 mM) and 2-deoxy- D-ribose (2.8 mM) were 
mixed with or without the samples at various concentrations 
(10-250 μg) in 1 ml final reaction volume made with potassium 
phosphate buffer (20 mM, pH 7.4) and incubated for 1 hr at 37.50C. 
The mixture was heated at 95°C in water bath for 15 min followed 
by the addition of 1 ml each of TCA (2.8%) and TBA (1%). Finally 
the reaction mixture was cooled on ice and centrifuged at 5000 rpm 
for 15 min. Absorbance of supernatant was measured at 532 nm. 
All readings were corrected for any interference from brown color 
of the extract or antioxidant by including appropriate controls. 
The negative control without any antioxidant or samples was 
considered 100% deoxyribose oxidation. Ascorbic acid was taken 
as the positive control. The % hydroxyl radical scavenging activity 
was calculated by the following equation.

0 1

0

%Hydroxyl radical Scavenging= 100A A
A
−

×

 Where,  0A = Absorbance of control

  1A
 = Absorbance of sample.

Evaluation of Anti-Inflammatory Activity

In vivo Evaluation of Anti-Inflammatory Activity: Carra-
geenan induced paw edema: Carrageenan-induced rat paw edema 
is used widely as a working model of inflammation in the search for 
new anti-inflammatory drug. The anti-inflammatory activity of ex-
tracts was evaluated by carrageenan-induced rat paw edema meth-
od [20]. Swiss albino rats (130–150g) of both sexes were used for 
the present study. After 12 h fasting, rats were divided into 6 groups 
of five each (n=5) prior to the day of experiment. Group l received 
normal saline (control group), Group II and III received 500 and 
750 mg/kg b.w. of CME. Group IV & V received CHF in the doses of 
250 and 500mg/kg b.w., respectively. Group VI received standard 
drug diclofenac sodium in in the dose of 100mg/kg. One hour after 
dosing (pre-emptive), the rats were challenged by a subcutaneous 
injection of 0.1 ml of 1% solution of carrageenan in 0.9% (w/v) 
sterile saline into the sub-plantar side of the left hind paw. The paw 
volume was measured again at 1 hr, 2 hrs, 3 hrs and 4 hrs after 
the challenge. The increase in paw circumference was calculated as 
percentage compared to the basal circumference as follows: 

% Inhibition of Inflammation= (1-V  /V ) X100 t c

Where, Vt = is the average paw edema circumference of each 
extract treated group, as well as diclofenac sodium group; 

Vc  = is the paw circumference of the negative control group 
that only received the vehicle.

 Formalin Induced Edema Assay: The formalin induced rat 
paw edema was carried out as described by Chau et al. [21] to 
evaluate acute anti-inflammatory activity of stem bark extract of 
Bauhinia acuminata Paw edema was induced by injecting 0.1 ml 
of 2.5% (w/v) formalin suspension in 0.9% (w/v) sterile saline 
into the plantar tissue of the right hind paw of experimental rats, 
one hour following oral administration of standard drug or test 
samples. Increase in paw circumference was measured at 0.5hr, 1hr, 
2hrs, 3hrs and 4hrs after the challenge, using the method described 
by Tjolsen et al. [22]. The percentage inhibition of inflammation 
was calculated as follows: 

% Inhibition of Inflammation= (1-V  /V ) X100 t c

  Where, Vt  = is the average paw edema circumference of 
each extract treated group, as well as diclofenac sodium group; 

 Vc  = is the paw circumference of the negative control group 
that only received the vehicle.

WBC Migration Assay: Four hours after the administration of 
the inflammatory agent, the plantar aponeurosis of the inflamed 
paw was injected with 2% xylocaine, incised and the paw fluid 
of each rat aspirated (using 26G hypodermic needle) and slowly 
squirted into a test tube. The residual fluid was gently squeezed 
out, ensuring that blood did not mix with the fluid. Any fluid that 
had blood in it was discarded. The fluid was examined under 
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microscope (x40) for any sign of breakages of the blood cells. Total 
white blood cell count in paw fluid was performed as described 
by Prempeh et al. 0.02 ml of paw fluid was mixed with 0.38 ml of 
WBC fluid (3% acetic acid with crystal violet dye), in a test tube. 
The mixture was transferred into a counting chamber, and the total 
number of WBC counted under a microscope (×40). The inhibition 
of migration of WBC was evaluated as percent reduction/inhibition 
in the treated animals relative to control animals using the relation:

% Inhibition of WBC migration = 100 (1 / )T C× −

Where, C = is the total WBC in control group

 T= is the total WBC in treated group.

Statistical Analysis: All observations were presented as Mean 
± SEM. The data was analyzed by one-way ANOVA followed by 
Dunnet’s test. *p< 0.05, **p< 0.01, ***p< 0.001 was considered as 
significant.

Results

Total Phenolic and Flavonoid Content

The total phenolic content (TPC) of the samples were calculated 
on the basis of the regression calibration curve, y = 0.0008x - 0.005 
(R2=0.975) of gallic acid. The TPC of crude methanol extract (CME) 
and various fractions (CHF, EAF and AQF) were shown in Table 1. 
EAF possesses the highest phenolic content (210.00±55.68 mg of 
GAE/gm of sample) followed by CHF, CME and AQF. Total flavonoid 
content of the samples was calculated on the basis of the standard 
curve (y = 0.0178x + 0.0524; R2=0.9862) for catechin and results 

were expressed as mg of catechin equivalent (mg of CE)/gm of 
extract. The results were shown in Table 1. In this study, the CHF 
and EAF of crude methanol extract revealed the highest total 
flavonoid content (104.554±5.03 and 93.843±7.21 mg of CE/gm of 
sample, respectively).

Table 1: Total phenol and flavonoid content of the CME and 
various fractions of B. acuminata stem bark.

Sample TPC (mg of GAE/gm of 
extract)

TFC (mg of CE/gm of 
extract)

CME 138.33±38.19 58.712±3.34

CHF 181.67±57.52 104.554±5.03

EAF 210.00±55.68 93.843±7.21

AQF 71.67±12.58 37.139±2.38

In vitro Antioxidant Assay

Effect on DPPH Radical-Scavenging Activity: The results of 
DPPH radical scavenging activity of CME and various fractions were 
shown in Figure 1 as comparable with reference standard ascorbic 
acid (AA). The scavenging activity of CME and fractions on DPPH 
radical was in the order of EAF>CME>AQF>CHF. At concentration 
of 100 μg/ml, the values for % scavenging of DPPH ranged between 
62.78±2.60 to 94.33±0.68% and values for IC50 was in the range of 
18.89 to 66.73 μg/ml, while at the same concentration that of AA 
was 94.90±0.39% with IC50 of 6.46 μg/ml (Figure 2). Standard AA 
had higher scavenging activity than CME and all the fractions but 
EAF showed DPPH scavenging activity which was close to standard 
AA.

Figure 1:  The scavenging effects of CME and its various fractions on DPPH radical.
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Figure 2: Comparison of IC50 values of CME and various fractions of B. acumiata bark in DPPH radical scavenging assay.

Hydrogen Per-Oxide Scavenging Assay: The results shown 
in Figure 3, CME extract of B. acuminata stem bark and its 
fractions demonstrated hydrogen peroxide scavenging activity in a 

concentration dependent manner. All the fractions including CME 
had moderate hydrogen peroxide scavenging activity compare with 
reference standard butylated hydroxyl toluene (BHT) (Figure 3). 

Figure 3: Comparison of hydrogen peroxide scavenging activity of CME and different fractions with reference standard BHT.

Hydroxyl Radical Scavenging Activity: The results of hydrox-
yl radical scavenging assay of various fractions and standard BHT 
were shown in Figure 4. The activity of the test samples was in the 
following order: CHF >EAF>CME>AQF. The highest scavenging ac-
tivity were found in CHF and EAF. On the other hand, CME and AQF 

showed moderate scavenging activity. The results demonstrated 
that all the fractions and CME of bark of B. acuminata possessed 
significant hydroxyl free radical scavenging activity as compare to 
reference standard BHT. 
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Figure 4: Comparison of hydroxyl radical scavenging activity of CME and its various fractions at different concentrations with 
respect to BHT.

In vivo Anti-inflammatory Activity 

Carrageenan-Induced Paw Edema Test: Table 2 shows the 
results of antiedematous effects of orally administered CME and 
CHF of stems and standard drug as compared to carrageenan 
control at different hours on carrageenan-induced paw edema in 
rats. In the control group, the onset of edema occurred as early as 
0.5 h after carrageenan injection and was sustained through the 4th 

hour of observation. Both CME and CHF caused a sharp decrease in 
paw edema from 1st hour until the 4th hour of treatment in a similar 
manner as that of the reference drug diclofenac. The most inhibition 
was obtained with CHF at 500 mg/kg dose (92.66% inhibition) 
followed CME (65.09% inhibition). Diclofenac sodium at a dose of 
100 mg/kg p.o. prevented carrageenan induced paw edema with a 
percentage inhibition of 75.99% at 3 hours.

Table 2: Effect of CME, CHF and standard diclofenac sodium on inhibition of paw edema induced by carrageenan. 

Sample
Paw diameter (mm) at various time interval

0hr 0.5hr 1hr 2hrs 3hrs 4hrs

Group I 6.04±0.49 7.12±0.61 7.33±0.59 7.00±0.49 6.72±0.44 6.55±0.45

Group II 6.77±0.58
7.78±0.68

(17.26%)

7.45±0.53

(53.64%)

7.20±0.54

(61.04%)

7.04±0.55*

(65.09%)

6.87±0.58*

(83.32%)

Group III 6.21±0.34
6.99±0.35

(29.99%)

6.75±0.31

(59.77%)

6.51±0.31

(69.84%)

6.35±0.30**

(80.07%)

6.26±0.33**

(90.53%)

Group IV 6.18±0.36
6.92±0.33

(33.25%)

6.66±0.29

-63.59%

6.44±0.31

(73.74%)

6.29±0.32 **

(84.27%)

6.21±0.32**

(94.29%)

Group V 6.51±0.79
7.11±0.78

(48.80%)

6.80±0.79

(79.37%)

6.63±0.78

(88.49%)

6.57±0.78*

(92.66%)

6.53±0.79*

(96.45%)

Group VI 6.15±0.37
6.95±0.45

(27.5)

6.70±0.37

(58.54)

6.49±0.36

(66.02)

6.32±0.38

(75.99)

6.22±0.37

(87.63)

Values are mean ± SEM, (n=5); ** p<0.0001; *p<0.001 compared 
to reference standard drug treated group (one-way ANOVA followed 
by Dunnett’s test). Group l received normal saline (control group), 
Group II and III received 500 and 750 mg/kg b.w. of CME. Group 
IV & V were treated with 250 and 500mg/kg b.w. of CHF. Group VI 
received 100mg/kg of standard drug diclofenac sodium.

Formalin-Induced Paw Edema Test: CME administered at a 
dose of 500 mg/kg, showed 45.00%, 51.61%, 59.06%, and 61.02% 
inhibition at 0.5-4th hour, respectively while CHF at a same dose 
prevented paw edema with a percentage inhibition of 72.15%, 

82.52%, 90.06%, 96.81% (Table 3). The percentage inhibition of 
standard anti-inflammatory drug was within the range of 61.08 to 
91.07% (100 mg/kg, b.w). Each value represents the mean ± SEM 
from 5 animals in each group. Experimental group were compared 
to reference standard drug treated group; ** p<0.0001; *p<0.001 
(one-way ANOVA followed by Dunnett’s test). Group l received 
normal saline (control group), Group II and III received 500 and 
750 mg/kg b.w. of CME. Group IV & V were treated with 250 and 
500mg/kg b.w. of CHF. Group VI received 100mg/kg of standard 
drug diclofenac sodium.
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Table 3: Effect of CME, CHF and reference drug diclofenac on inhibition of paw edema induced by formalin.

Group 0.5hr 1hr 2hrs 3hrs 4hrs

Group I 8.18±0.86 8.57±1.03 7.91±0.83 7.60±0.76 7.29±0.72

Group II
8.08±0.70

7.75%

7.72±0.74

45.00%

7.27±0.72

51.61%

7.05±0.70

59.06%

6.91±0.70**

61.02%

Group III
7.51±0.52

16.37%

7.07±0.51

57.12%

6.73±0.54

63.43%

6.52±0.59

75.15%

6.36±0.58*

89.28%

Group IV
7.50±0.45

26.68%

7.04±0.44

66.08%

6.76±0.50

71.29%

6.59±0.54

80.36%

6.46±0.53**

91.39%

Group V
7.38±0.48

33.98%

6.92±0.44

72.15%

6.61±0.49

82.52%

6.49±0.51

90.06%

6.46±0.53**

91.39%

Total WBC Count in Paw Fluid: The results showed that the 
total number of WBC in the inflammatory exudates increased 
significantly after inflammation induced by carrageenan. CHF at 
higher dose (500 mg/kg) significantly (p<0.001) reduced the total 
WBC count in paw fluid by 78.57±5.96% on the other hand at dose 
of 750 mg/kg of CME, WBC count was reduced by 53.57±5.30%.
The standard drug diclofenac sodium (100mg/kg) showed 
39.29±3.89% inhibition (Table 4).

Table 4: Effect of CME and CHF on carrageenan induced WBC 
migration in rat paw edema fluid. 

Sample Cell count x103 % Inhibition

Group I (Control) 4.48±0.44 -

Group II (CME500mg/kg) 2.88±0.44 35.71±3.53*

Group III (CME750mg/kg) 2.08±0.44 53.57±5.30**

Group IV (CHF250mg/kg) 1.92±0.44 57.14±5.65*

Group V (CHF500mg/kg) 0.96±0.36 78.57±5.96**

Group VI (Diclofen100mg/kg) 2.72±0.44 39.29±3.89

** p<0.0001; *p<0.001 compared to reference standard drug 
treated group

Discussion
The present study showed the antioxidant and anti-

inflammatory activity of crude methanol extract of the stem bark 
of B. acuminata in Wistar albino rats. Free radicals are capable 
of reacting with membrane lipids, nucleic acids, proteins and 
enzymes, and other small molecules, resulting in cellular damage. 
Several studies proposed that phenolic compounds are responsible 
for effective free radical scavenging and antioxidant activities [23]. 
Therefore, determination of the quantity of phenolic compounds 
is very important in order to determine the antioxidant capacity 
of plant extracts [24]. In the present study, higher concentration of 
polyphenols was found in EAF and CHF, suggesting the importance 
of EAF and CHF for effective antioxidant activities in traditional 
medicine. A number of methods are used to determine the radical 
scavenging effects of antioxidants. The DPPH method is a preferred 
method because it is fast, easy and reliable and does not require a 
special reaction and device. DPPH is a stable free radical, capable 

of accepting an electron or hydrogen radical to become a stable 
diamagnetic molecule [25].

Antioxidant compounds specially, phenolics present in the 
extract lose hydrogen which is received by DPPH and discoloration 
occurs due to the decreasing quantity of DPPH radicals in the 
environment. The discoloration of the DPPH therefore reflects 
the radical scavenging activity of the analyzed extract [26]. The 
higher content of total phenolic compounds and flavonoid in the 
extracts might have contributed towards the scavenging of free 
radicals [27]. CHF, which showed 2nd highest for the content of 
total phenol and highest of flavonoid content in this study but was 
weak to scavenge DPPH. This may be the other constituents in CHF 
that could antagonize the activity of this fraction. The presence of 
hydrogen peroxide inside the cell is non-reactive, but the conversion 
of hydrogen peroxide to hydroxyl radical is toxic, since hydroxyl 
radical reacts with other biomolecules in the cell, which eventually 
causes tissue damage.

It is reported that hydrogen donating ability of the plant 
extracts prevent the toxic effects of H2O2 by converting them into 
water [28]. The results demonstrated that EAF and other fractions 
may have the constituents which can protect tissue damage 
by preventing the toxic effect of hydrogen peroxide. Of all the 
reactive oxygen species, the hydroxyl (OH) is known to be one of 
the most reactive and physiologically harmful. As scavengers of 
hydroxyl radical, stem bark of B. acuminata can protect humans 
from a number of diseases. Antioxidation and anti-inflammation 
properties of plants are routinely investigated and are considered 
to be among the primary health benefits of natural products. In 
addition, antioxidative agents prevent the formation of a number 
of diseases including inflammatory diseases. Carragenan induced 
paw edema is one of the most widely used test procedure to screen 
anti-inflammtory drugs.

The time course of edema development in carragenan induced 
edema is a biphasic event, stimulating the release of histamine, 
serotonin and bradykinin in the first phase (30 min after 
carrageenan administration) and prostaglandin-like substances 
(PXs) in the second phase (0.5 to 4 h) [29]. These chemical 
substances produced increase in vascular permeability, thereby 
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promoting accumulation of fluid in tissues that accounts for the 
oedema [30]. Formaldehyde which is also a potent oedematous 
agent can produce inflammation through the release of several 
inflammatory mediators including prostaglandins. The ability of 
the extract to reduce the size of oedema produced by carragenan 
and formaldehyde, suggests that it contained chemical components 
that may be active against inflammatory conditions. There is a 
significant percentage inhibition of paw edema from the 1st hour to 
4th hour by both CHF and CME. CHF at the dose of 200 mg/kg body 
weight showed the percentage of inhibition of 42.6%.

At 400 mg/kg produced a highly significant 80% reduction in 
the volume of paw edema at the 4th hour. The percentage inhibition 
of standard anti-inflammatory drug diclofenac sodium was 58.% 
at 1st hour and 75.99% at 4th hour; 100 mg/kg, bw). Percentage of 
inhibition of mean paw volume of CHF at the dose of 200mg/kg 
was comparatively higher than that of the standard drug diclofenac 
sodium and CME. Since the extract (CHF and CME) may inhibit the 
paw edema both in early and late phase of carragenan induced 
inflammation. Therefore the possible inhibitory effect of extract 
in carragenan induced inflammation may be due to inhibition of 
cycloxygenase leading to inhibition of prostaglandin synthesis 
as well as inhibition of histamine and serotonin release at the 1st 
phase of inflammation. This effect is similar to that produced by 
non-steroidal anti-inflammatory drugs such as diclofenac and 
indomethacin, whose mechanism of action is inhibition of the 
cyclooxygenase enzyme.

The chemical constituents found in B. acuminata were vitamin 
C (leaves), β-sitosterol, lupeol, kamepferol, 3, 5, 7-dehydroxy and 5, 
7 dimethoxy-flavanone-4-O-alpha-L-rhamnopyranosyl-β-D-gluco-
pyranosides. Flavonoids showed presence of kamepferol, querce-
tin, and apigenin. Derivatives of quercetin i.e quercetin-3-glycoside 
was present in B. acuminata [31]. Several chemical compound in-
cluding palmitic acid, three phthalic acid esters, phthalic acid, gallic 
acid, ursolic acid, were identified from the leaves of Bauhinia acum-
inate. These molecules have a wide range of biological activities. 
Phytochemical screening showed the presence of carbohydrate, 
phenolic compounds, saponins, flavonoids, oils and fats in leaves 
and stems of B. acuminata. Various flavonoids, glycosides and agly-
cones were previously reported as having potent anti-inflammato-
ry and antioxidant activity. In the present study, we found that the 
CHF contains higher concentration (104.55 mg of CE/gm of extract) 
of flavonoids.

The ability of the crude methanol extract (CME) and its fraction 
CHF of stem bark of B. acuminata extract to reduce the size of 
oedema produced by carrageenan and formaldehyde, suggests 
that stem bark of this plant contained above mentioned chemical 
components that may be active against inflammatory conditions. 
On the other hand, the antioxidant potential of the extract can 
participate in fighting inflammation through the scavenging of 
reactive oxygen species produced at the site of inflammation by 
migrating WBC (neutrophils).

Conclusion
On the basis of results in this study, it can be concluded that 

the methanol extracts specially, EAF/CHF of B. acuminata stem 
bark is capable of scavenging a wide range of synthetic and 
naturally occurring free radicals and could be utilized as a good 
natural source of antioxidants. In addition, the results indicate 
that phenolic compounds might be major contributors to the 
antioxidant and anti-inflammatory activities of stem bark. Hence, 
this study supports the idea that B. acuminata stem bark can be a 
promising sources of potential antioxidants that can participate in 
fighting inflammation through the scavenging of reactive oxygen 
species. This preliminary study also warrants a need for further 
research to isolate, identify and characterize the specific phenolic 
compounds which may contribute in the therapy of diseases related 
to oxidative stress.
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