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ABSTRACT 
 

Objective:  The present study demonstrated the potential of Crotalaria verrucosa L., a widely used 
medicinal plant of Bangladesh, ethanolic leaf extract in inhibiting the cascades of inflammation.  
Methods:  Carrageenan induced rat paw edema and xylene induced mice ear edema tests were 
performed as in vivo assessment of anti-inflammatory activity. Moreover, these methods were 
supported by the in vitro heat induced protein denaturation and haemolysis tests.  
Results:  In all experiments CVE extract shows moderate to significant efficacy. CVE 600 mg/kg 
significantly suppressed the biological response (edema) in comparison to both steroidal and non-
steroidal anti-inflammatory drugs. Moreover in vitro study suggested that the leaf extract at doses 
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of 300, 400 and 500 µg/ml possess moderate to high inhibition capacity for auto antigen production 
which exerts extract’s potential against Type III hypersensitivity. 
Conclusion:  All these data support the safe use of this plant traditionally. However, the extract is 
yet to be explored for responsible compounds and specific mechanisms. 
 

 

Keywords: C. verrucosa; paw edema; ear edema; protein denaturation; haemolysis. 
 

1. INTRODUCTION 
 
The plant Crotalaria verrucosa L., well-known as 
blue rattlesnake and also known as Jhanjhania/ 
Bansan in Bengali belongs to the family of 
Fabaceae. It is a woody erect plant with multiple 
branches growing up to 80-100 cm high in the 
fallow lands of Chittagong, Khulna, Mymensingh, 
Rajshahi and Sylhet district of Bangladesh [1]. Its 
5-15 cm ovate-rhomboid or ovate-deltoid to 
obtuse leaves has been reported to be used as 
juice for scabies and impetigo both internally and 
externally and also considered effective in 
diminishing salivation [2]. Literature review 
suggests the leaf’s potential in many 
pharmacological activities including expectorant, 
emetic; in biliousness, dyspepsia, fever, cardiac 
abnormalities and oral diseases. Leaves are also 
found in use by Chakma and Marma tribes in 
case of skin allergies and applied in affected 
areas [3,4]. Leaves contain tropane alkaloids [5]. 
In Nigeria the leaves are also used for colic, 
flatulence and skin disease [2]. However, though 
wound healing activity of the plant leaf has been 
previously reported, no experimental evaluation 
of anti-inflammatory activity was undertaken. 
Therefore, the present study was performed to 
investigate its anti-inflammatory potential to 
support the scientific basis of its traditional use. 
 

2. MATERIALS AND METHODS 
 

2.1 Collection and Preparation of the 
Plant Leaf  

 
Samples of C. verrucosa leaves were collected 
from Mymensingh district of Bangladesh in April, 
2014 and authenticated from Bangladesh 
National Herbarium (DACB 42010). After 
collection it was thoroughly washed, dried, 
crushed into powder and finally soaked in 
ethanol (approx. 500 g in 1 L) for 3 days with 
occasional shaking. It was filtered and the filtrate 
was condensed using rotary evaporator. A 
viscous mass (5 gm approx.) was obtained as 
ethanol extract of C. verrucosa (CVE). 
 

2.2 Reagents and Chemicals 
 
Carrageenan, Xylene, prednisolone, indome-
thacin and acetyl salicylic acid were obtained 

from Merck, Germany and were of analytical 
grade. 
 
2.3 In vivo  Anti-inflammatory Tests 
 
2.3.1 Institutional ethical committee approval  
 
Institutional ethical committee adopted standard 
guideline for treating and handling of animal was 
followed for the in vivo tests [6]. 
 
2.3.2 Carrageenan induced rat paw edema  
 
The method was performed as described by 
Winter et al. with slight modifications [7,8]. Wister 
rats weighing 130-150 gm of both sex were taken 
and divided into six group (N=5); control (water), 
test drugs (CVE 100 mg/kg, CVE 200 mg/kg and 
CVE 400 mg/kg body weight) and standards 
(prednisolone 5 mg/kg and indomethacin 10 
mg/kg body weight) were orally administered to 
the animals 1 hour prior to injection of 
carrageenan (inflammation inducer) to the right 
paw whereas left paw served as own control. A 
base value was recorded before the injection by 
plethysmometer by dipping the paw in the tube 
containing 0.7% normal saline. The paw volumes 
were measured in 1, 2, 3, 4 and 24 hour after 
injection. 
 
2.3.3 Xylene induced ear edema  
 
Swiss albino mice of both sex weighing 22-27 
gm, similarly grouped as above experiment 
(N=5) were orally treated with test and standard 
drugs with same doses 1 hour prior the bilateral 
application of xylene (inflammatory substance) to 
the right ear of each animal. 15 minutes later 
animals were sacrificed by dislocating their spinal 
cord from the neck and a 16 diameter circular 
area was cut from each ear of the animal. The 
weight of the inflamed ear was then compared to 
that of control (left) ear [9,10]. 
 
2.4 In vitro  Anti-inflammatory Tests 
 
2.4.1 Heat induced protein denaturation  
 
Fresh hen’s egg albumin was extracted using the 
method described by S.J. Carter [11]. A reaction 
mixture containing 0.2 ml of egg albumin, 32.8 ml 
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of phosphate buffer saline (pH 6.4) and 2 ml of 
CVE extract at different concentration (100, 200, 
300, 400, 500 µg/ml) was used to investigate the 
inhibition capacity of albumin denaturation. 
Aspirin at the same doses served as the 
standard whereas distilled water served as 
control. The tubes containing the mixture were 
incubated at 37ºC for 10 min and heated at 70ºC 
for 5 min. After cooling, the absorbance was 
measured using UV spectrophotometer at 660 
nm [12]. 
 
2.4.2 Heat induced haemolysis  
 
Fresh human blood was collected and washed 
with 0.9% saline and centrifuged at 3000 rpm for 
10 minutes. The packed cells were again washed 
three times with 0.9% normal saline and a 10% 
v/v HRBC suspension was obtained using 
isotonic phosphate buffer (154 mM NaCl in 10 
mM Sodium Phosphate Buffer at pH 7.4). The 
final reaction mixture (4 ml) contained 1 ml 
phosphate buffer [pH 7.4, 0.15 M], 2 ml 
hyposaline [0.36 %], 0.5 ml HRBC suspension 
with 0.5 ml of extracts of various concentrations 
(50, 100, 250, 500, 1000, 2000 µg/ml) or same 
concentrations of ASA for standard or distilled 
water for control. It was then incubated at 37ºC 
for 30 min and centrifuged at 3000 rpm for 20 
min. The absorbance of the supernatant was 
taken at 560 nm [13]. 
 
2.5 Statistical Analysis 
 
All data were statistically examined for 
significance of the result in 95%, 99%, and 
99.99% confidence level using SPSS. 
 
3. RESULTS 
 
3.1 Carrageenan Induced Rat Paw Edema 
 
Fig. 1 shows the gradual inhibition of the degree 
of paw inflammation exerted by the crude extract 
of C. verrucosa leaf against the standards where 
at 600 mg/kg dose for body weight the extract 
exhibits maximum activity among all its doses. 
From 3rd to final observation CVE 600, 
Prednisolone and Indomethacin decreased the 
edema. Prednisolone though a non-selective 
steroidal drug, successfully resulted in maximum 
suppression among all groups. Indomethacin 
also showed its potential to decrease the 
accumulations of mediators. 
 
The figure shows the edema status of the 
inflamed right paw (N=5) of the rat in different 

time intervals which was induced by 
carrageenan. Hour 0 represents the base value 
and all other values were compared to this. All 
groups were compared to the control groups for 
the inhibition capacity. The minimum value of                
P < 0.05 was considered significant. *P < 0.05, 
**P < 0.01 as compared with control group. 
 
3.2 Xylene Induced Ear Edema 
 
Prednisolone found to be most potent drug in 
inflammatory pathway of xylene (Fig. 2). 
However, Indomethacin proves its strong 
involvement to decrease this inflammation. CVE 
600 as like the previous experiment showed its 
activity to suppress the inflammatory cascades. 
 
The figure shows percentage inhibition of ear 
edema of different experiment groups where N=5 
in each group and all groups were compared with 
the control group. These data found not to be 
significant at 95% confidence interval however 
showed efficacy compared to standards. 
 
3.3 Heat Induced Protein Denaturation 
 
ASA in a dose dependent manner showed to be 
potent in inhibiting the egg albumin protein 
denaturation with moderate to significant extent. 
However, CVE at the dose of 300-500 µg/ml 
exhibit the same pattern of inhibition (Fig. 3). 
 
The figure shows percentage of inhibition 
capacity for protein denaturation induced by heat 
in different concentrations where three samples 
were assessed for each concentration groups.  
All groups were compared to the control groups 
for the inhibition capacity. The minimum value of 
P < 0.05 was considered significant. *P < 0.05, 
***P < 0.001 as compared with control group. 
 
3.4 Heat Induced Haemolysis 
 
Fig. 4 represents the percentage inhibition of 
haemolysis induced by heat where Aspirin 
showed a linear relationship with gradient doses. 
However the extract at last three doses exerts 
almost similar but moderate efficacy. 
 
The figure shows percentage of inhibition 
capacity for haemolysis induced by heat in 
different concentrations where three samples 
were assessed for each concentration groups.  
All groups were compared to the control groups 
for the inhibition capacity. The minimum value of 
P < 0.05 was considered significant. *P < 0.05, 
***P < 0.001 as compared with control group. 
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Fig. 1.  Edematous condition of carrageenan induced inflamma tion  
Data are presented as the mean ± SEM (n=5). **P < 0.01, *P < 0.05 

 

 
 

Fig. 2.  Percentage inhibition of ear edema induced by xylen e  
Data are presented as the mean ± SEM (n=5)  

 

4. DISCUSSION 
 
Anti-inflammatory activities belongs to receptor 
bindings and mediator’s involvement in cascades 
of inflammation. Carrageenan and xylene 
induced inflammatory methods are well 
established and widely used for the assessment 
of any drugs or samples for its anti-inflammatory 
potentials [14]. The involvement of mediators in 
inflammatory pathways induced by these two 
agents are still under investigation. Carrageenan 

treatment lead two phases of biological 
response- primarily by releasing inflammatory 
mediators like histamine, serotonin and kinin              
(0-2 hr) and later by producing excessive 
prostaglandins, oxygen-derived free radicals and 
cyclooxygenase [15]. Xylene-induced 
inflammation is partially associated with 
substance P which is widely distributed in the 
central and peripheral nervous system. The 
release of this neuromodulator causes 
vasodilatation and plasma extravasations which 
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involves in neurogenic inflammation, thus 
causing the swelling of ear in mice [16]. In both 
of this processes indomethacin has been 
reported to have greater involvement in 
suppression of mediators [17,18]. However, 
prednisolone was also used to set the maximum 
efficacy range in case of comparison. 
Prednisolone found to be highly effective being a 
steroidal agent [19]. On the other hand 
Indomethacin is a common non-steroidal anti-
inflammatory (NSAID) agent with high efficacy. 
Now in comparison, C. verrucosa crude extract 
also found to possess potential activity against 
the mediators involved. 

In case of in vitro assessment, heat induced 
denaturation and haemolysis are also popular 
methods [20]. Diseases like serum sickness and 
glomerulo-nephritis are attributed to the 
expression of antigens formed from the 
denaturation of proteins and are associated to 
Type III hypersensitivity reactions [21]. Like 
native proteins these heat-denatured proteins 
(egg albumin and haem) provokes delayed 
hypersensitivity response [22]. Moreover, 
conventional NSAID like indomethacin and acetyl 
salicylic acid (aspirin) has been proved to act not 
only by blocking COX enzyme and synthesis of 
endogenous PGE2 but also by suppressing the

 

 
 

Fig. 3.  Percentage inhibition of heat induced protein denat uration  
Data are presented as the percentage ± SEM (n=3 samples). **P < 0.001, *P < 0.05 

 

 
 

Fig. 4.  Percentage inhibition of heat induced haemolysis 
Data are presented as the percentage ± SEM (n=3 samples). **P < 0.001, *P < 0.05 
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process of protein denaturation [23]. Therefore 
these two in vitro experiments were performed to 
support the results of in vivo experiments. The 
result of the study demonstrated that the leaf 
extract of C. verrucosa possess considerable 
anti-inflammatory activity as capable of inhibiting 
the auto antigen production to significant extent 
compared with the standard. The leaves has 
been reported to contain tannins and phenolic 
content which can be the attributor for these 
activities. 
 
5. CONCLUSION 
 
The present study of anti-inflammatory activity 
concludes that the use of the plant leaf of                
C. verrucosa in ailments of inflammation has 
scientific basis. However, responsible 
compounds for this activity is yet to be 
investigated. Chromatographic isolation of the 
compound and cell line study is to be performed 
to pinpoint the involved compounds, receptor 
bindings and further elucidation of the process. 
This study also concludes the saftey of this plant 
for use and declares it to be non-toxic in acute 
use at the doses executed. 
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