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Inflammation is the body’s immune response to combat suspected harmful effect by a stimulus. 
Antioxidants prevent chain of reaction that would result in the production of free radicals. Prolonged 
usage of steroids as anti-inflammatory agents is unsafe, demanding search for anti-inflammatory 
compounds with sustainable future. In this study, seeds and leaves of Solanum xanthocarpum were 
explored in vitro for their anti-inflammatory and antioxidant activity. The ethanolic extract of seeds and 
leaves of S. xanthocarpum was prepared by maceration. Anti-inflammatory activity of ethanolic extract 
of seeds (SE) and leaves (LE) was evaluated in terms of percent inhibition of albumin denaturation, 
membrane stabilization and protease inhibition. The antioxidant activity was estimated by 2,2-diphenyl-
1-picrylhydrantiiazyl (DPPH) free radical scavenging assay by exploiting 1,1-diphenyl-2-picrylhydrazine. 
Successive solvent extraction with maceration of seeds was carried out by using solvents ethanol, 
ethyl acetate, acetone and water. The ethanolic extracts of seeds and leaves of S. xanthocarpum 
demonstrates anti-inflammatory and antioxidant activity. The acetones extract exhibited potent anti-
inflammatory activity than ethyl acetate and aqueous extract. Results presented here suggest that the 
S. xanthocarpum exhibits anti-inflammatory and antioxidant potentiality. 
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INTRODUCTION 
 
Inflammation is a complex response to local injury or 
other trauma; it is characterized by redness, heat, 
swelling, and pain. Inflammation is a normal protective 
response to tissue injury caused by physical trauma, 
noxious chemical and/or microbial agents. It is the body’s 
response to inactivate or destroy the invading organisms, 
to remove the irritants and set the stage for tissue repair 
(Leelaprakash and Dass, 2011; Chandra et al., 2012). 

The  response  can  sometimes  be  alarming  including  

allergies; autoimmune diseases, microbial infections, 
transplants, and burns may initiate a chronic inflammatory 
response. Various therapeutic approaches are available 
for reducing long-term inflammatory responses and thus 
the complications associated with them. The major 
approach used presently includes use of steroidal and 
non-steroidal anti-inflammatory drugs (NSAIDs). The 
duration of their use is limited by gastrointestinal side 
effects that include unease and abdominal pain  and  in a
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few serious cases bleeding or perforation of the stomach 
or upper GI tract (Karthik et al., 2013; Bacchi et al., 
2012). The NSAIDs has been reported to cause transient 
imbalance in electrolyte and water levels as well as liver 
and renal toxicity (Bacchi et al., 2012; Feldman et al., 
1997). 

In many inflammatory disorders there is excessive 
activation of phagocytes, free radical, hydroxyl radical as 

well as non‐free radical species, which can harm 
surrounding tissue either by powerful direct oxidizing 
action or indirectly with hydrogen peroxide (H2O2) and 
hydroxyl radicals; those that initiates lipid peroxidation 
and membrane destruction. Tissue damage then 
provokes inflammatory response by production of 
mediators and chemotactic factors. The reactive oxygen 
species are also known to activate matrix metalloprotease 
(MMP), causing increased destruction of tissues for 
example collagenase damage seen in various arthritic 
reactions. Hence, agents that can scavenge these 
reactive oxygen species would be beneficial in treatment 
(Sakat et al., 2010). Plants have been used as traditional 
medicinal source. Plants have bioactive compounds with 
medicinal value and with low side effects.  

The Solanum xanthocarpum is a very prickly diffused 
bright-green, perennial herb of the family Solanaceae. It 
is found abundantly throughout India in plains of dry 
regions, by roadsides, wastelands and rubbish heaps 
(Gangwar et al., 2013). The S. xanthocarpum, a plant 
from dashmula (More et al., 2013) of Ayurvedic system 
has been found to have anti-asthematic, hypoglycemic, 
hepatoprotective, anti-inflammatory, antipyretic and 
nephron-protective activities (Hussain et al., 2012; 
Solapure et al., 2016). This work was aimed to estimate 
whether or not seeds from raw fruits and leaf of S. 
xanthocarpum in vitro exhibits anti-inflammatory and 
antioxidant activity. 
 
 
MATERIALS AND METHODS 
 
Collection of plant 
 
Plant material was collected from Varud, Aurangabad (MS, India) 
from its natural habitat during May 2017. Authentication of plant 
was conducted by Herbarium center at Department of Botany, Dr. 
Babasaheb Ambedkar Marathwada University, Aurangabad. The 
leaves of S. xanthocarpum were washed by distilled water and 
dried under shade. Fine powder was made in mixer grinder 
(Kenstar). The seeds were collected from the fruit and washed with 
distilled water to remove fruit impurities. The seeds were then dried 
at 40°C for overnight. Fine powder of dried seeds was prepared in 
mortar and pestle. 
 
 

Ethanolic extraction 
 

Three grams powder of seed and leaf was extracted with 30 ml 
ethanol. Maceration was carried out for 24 h. The extracts were 
filtered through muslin cloth and afterwards by Whatman paper 1. 
Extract was dried in oven at 40°C for 1 h. Dried extract was 
dissolved in 1% DMSO. The stock of extract 1 mg/ml was  prepared 
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in 1% DMSO. 
 
 
Solvent extraction and phytochemical analysis 
 
Three grams of dried seeds were extracted with 30 ml of various 
solvents successively in the order ethyl acetate, acetone and 
distilled water. The maceration was carried out for 24 h for each 
solvent at room temperature. The extracts for each solvent were 
collected separately, filtered and dried in oven at 40°C for 1 h and 
re-suspended in 1% DMSO. Phytochemical analysis was carried 
out for detection of carbohydrate, phenolics. Tannins, falvonoids, 
terpenoids, glycosides, alkaloids and saponins were determined as 
described by More and Kharat (2013). 

 
 
Inhibition of albumin denaturation 
 
The method given by Govindappa et al. (2011) with slight 
modification was used. The reaction mixture contained 500 µl of 1% 
aqueous solution of bovine serum albumin fraction prepared in 
phosphate buffer saline of pH 6.4 and extract at concentration 100 
µg/ml. The reaction mixture was incubated at 37°C for 20 min and 
then heated to 50°C for 20 min, reaction mixtures were cooled to 
room temperature and turbidity was measured spectrophoto-
metrically at 660 nm. Diclofenac was used as the comparative 
standard (Geetha et al., 2013; Osman et al., 2016). The experiment 
was performed in triplicate. Percent inhibition of protein 
denaturation was calculated as follows: 
 

% inhibition= [{Abs control- Abs sample}/Abs control] ×100 
 

Where, Abs control is the absorbance of the bovine serum albumin 
fraction, Abs sample is the absorbance of bovine serum albumin 
fraction with extract/standard (Govindappa et al., 2011). 

 
  
Membrane stabilization  
 

Fresh whole human blood (10 ml) from volunteers as per University 
guidelines was collected and transferred to centrifuge tubes, mixed 
with equal volume of Alsever solution (2% dextrose, 0.8% sodium 
citrate, 0.5% citric acid and 0.42% NaCl) and was centrifuged at 
3,000 rpm. The packed cells were washed with isotonic saline for 
three times and a 10% suspension was made in isotonic saline 
(Pant et al., 2012). Heat induced hemolysis studied with modified 
method of Govindappa (2011) and Kamlesh Pant (2012) was 
carried out. The reaction mixture consisted of 100 µg/ml of extract 
and 500 µl of 10% RBCs suspension; instead of test sample only 
saline was added to the control test tube. Diclofenac was taken as 
a standard drug (Osman et al., 2016). All the tubes containing 
reaction mixture were incubated in water bath at 50°C for 30 min. At 
the end of the incubation the tubes were cooled. 500 µl of isotonic 
saline was added to reaction mixture. The reaction mixture was 
centrifuged at 3000 rpm for 5 min and the absorbance of the 
supernatants was taken at 560 nm. The experiment was performed 
in triplicates for all the extracts. Percent membrane stabilization 
activity was calculated by the formula mentioned as follow: 
 
% Protection = 100-(Optical density of drug treated sample/Optical 
density of control) × 100 (Chowdhury et al., 2013) 

 
 
Protease inhibitory action 

 
Modified method of Govindappa (2011) was carried out. The 
reaction  mixture  contained  0.06 mg  trypsin, 500 µl of 20 mM Tris- 



1190          Afr. J. Biotechnol. 
 
 
 

Table 1. Various phytochemicals present in ethanolic and acetone extracts of seed taken from raw fruits of S. 
xanthocarpum. 
 

Test LE SE AC Aq 

Carbohydrate - - - - 

Phenolic compound + + + + 

Tannins + - - - 

Flavanoids - + - + 

Terpenoids - - - - 

Glycosides - - - - 

Alkaloids + - + + 

Saponin - - - + 

Quinols - + - + 

 
 
 
HCl buffer (pH 7.4) and 100 µg/ml extract. The action mixture was 
incubated at 37°C for 5 min and then 1 ml of 0.8% (W/V) casein 
was added. The mixture was inhibited for an additional 20 min, 2 ml 
of 70% acetic acid was added to terminate the reaction. Cloudy 
suspension was centrifuged and the absorbance of the supernatant 
was read at 210 nm against buffer as a blank (Govindappa et al., 
2011). The experiment was performed in triplicate. The percentage 
of inhibition of protease inhibitory activity was calculated as follow: 
 
Percentage inhibition = (Abs control –Abs sample) × 100/ Abs 
control (Leelaprakash and Dass, 2011) 
 
 
Free radical scavenging activity 
 
Modifications in method given by Kumar et al., 2012 were used. 
The free radical scavenging activity of the extract was measured in 
vitro by using 1,1diphenyl2 picryl hydrazine (DPPH). The reaction 
mixture contained 1 ml of DPPH (0.004% in methanol), 100 µg/ml 
of extract in DMSO (Kumar and Pandey, 2014). The content was 
mixed and allowed to stand at room temperature for 30 min in dark. 
The reduction of DPPH free radical was measured by recording the 
absorbance at 517 nm (Kumar et al., 2012; Patil, 2013) ascorbic 
acid served the comparison standard (Kumar et al., 2012; 
Maharana et al., 2010). The percentage scavenging activities (% 
Inhibition) of the extract was calculated using the following formula. 
 
(%) I = [(AC - AS) / AC] ×100 
 
Where, I is inhibition, AC and AS are the absorbance values of the 
control and the sample respectively. For each sample, three 
replicates were made, standard deviation were calculated, and 
indicated as standard error on the graph. 

 
 
RESULTS AND DISCUSSION 
 

The leaves and fruit of S. xanthocarpum showed 
evidence of anti-inflammatory activity, which was 
reported by careenage induced mice (Poongothai et al., 
2011). The leaves were raised to form callus and its 
methanolic extract was used to detect antioxidant activity 
by thiobarbituric acid reactive substances (Poongothai et 
al., 2011).The whole plant was evaluated for anti-
inflammatory activity. The sequential extraction with 
hexane,  benzene,   chloroform,   ethyl  acetate,   

acetone, ethyl alcohol and water of S. xanthocarpum 
roots exhibited antioxidant activity (Kumar et al., 2012). In 
this study for the first time, S. xanthocarpum raw seeds 
were evaluated for their anti-inflammatory as well as 
antioxidant potentiality.    
 
 
Phytochemical analysis 
 
The S. xanthocarpum ethanolic extract of leaf (LE), seed 
(SE), acetone (AC) and aqueous (Aq) seed extracts were 
subjected for phytochemical analyses. Results shown in 
Table 1 indicates LE contained phenolics, tannins and 
alkaloids, SE contained phenolics, quinols and flavonoids, 
the AC contained phenolics, alkaloids whereas aqueous 
seed extracts Aq contained phenolics, flavonoids, 
alkaloids and quinols.  

Invariably in all of the extracts, existence of phenolic 
compounds was confirmed. With an exception of seed 
ethanolic extract, all other extracts contained alkaloids. 
Curiously, carbohydrates were not found to exist in the 
detectable threshold concentration. 
 
 
Inhibition of albumin denaturation 
 
The denaturation of proteins as one of the causes as 
inflammation has been well documented. A number of 
anti-inflammatory drugs have been known to inhibit 
protein denaturation (Perumal et al., 2008). To 
investigate the ability of anti-inflammatory activity of S. 
xanthocarpum, albumin denaturation inhibition assay was 
performed. The inhibition of albumin denaturation by S. 
xanthocarpum at concentration 100 µg/ml for leaf 
ethanolic extract was effective (25%) than seed ethanolic 
extract (8.33%) (Figure 1). The standard drug used 
diclofenac, which served a positive control could efficiently 
inhibit bovine serum albumin denaturation than that of 
ethanolic seed extract (13.88%). Successive solvent 
extraction of seeds with ethyl acetate, acetone and water 
of    seeds    was   also   found   to  be  inhibiting  albumin  
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Figure 1. Inhibition of albumin denaturation ethanolic extract. SE, Seed extract; LE, 
Leaf extract; D, diclofenac. The black bars on histogram denotes standard error.  

 
 
 

 
 

Figure 2. Inhibition of albumin denaturation solvent extraction. The black bars on 
histogram denotes standard error.  

 
 
 

denaturation.  It is evident from Figure 2, acetone extract 
has maximum inhibition (61.11%) compared to ethyl 
acetate (27.77%) and aqueous extract (16.66%). 
 
 
Membrane stabilization 
 
Inflammation is a complex response to local injury or 
other trauma; it is characterized by redness, heat, 
swelling, and pain. Lysosomal enzymes released during 
inflammation produces a variety of disorders which leads 
to the tissue injury by damaging the macromolecules and 
lipid peroxidation of membranes. Stabilization of 
lysosomal   membrane    is    important    in    limiting   the 

inflammatory response by inhibiting the release of 
lysosomal constituents of activated neutrophil such as 
bactericidal enzymes and proteases, which cause further 
tissue inflammation and damage upon extra cellular 
release or by stabilizing the lysosomal membrane. 
Human red blood cells (HRBC) or erythrocyte membrane 
is analogous to the lysosomal membrane and its 
stabilization implies that the extract may as well stabilize 
lysosomal membranes. Stabilization of HRBC by heat 
induced membrane lysis can be taken as an in vitro 
measure of anti-inflammatory activity of the drugs or plant 
extracts (Chippada et al., 2011. Erythrocyte membrane 
stabilization was studied by incubating erythrocyte with 
SE  and  LE.  Results  shown  in  Figure 3 denote that LE  

 

0

5

10

15

20

25

30

SE LE D

%
 I

n
h

ib
it

io
n

 

Sample 

 

0

10

20

30

40

50

60

70

Ethyl acetate Acetone Water

%
 I

n
h

ib
it

io
n

 

Sample 



1192          Afr. J. Biotechnol. 
 
 
 

 
 

Figure 3. Membrane stabilization ethanolic extract . SE, Seed 
extract; LE, Leaf extract. The black bars on histogram 
denotes standard error.  

 
 
 

 
 

Figure 4. Membrane stabilization Solvent extraction. The black bars 
on histogram denotes standard error.  

 
 
 

was able to stabilize erythrocyte membrane better to that 
of SE. In a parallel experiment, erythrocyte membrane 
stabilization studies were carried with acetone, ethyl 
acetate and aqueous extracts prepared from seeds. 
Results shown in Figure 4 demonstrate that membrane 
stabilization was found with acetone extracts only 
whereas both ethyl acetate and aqueous extracts failed 
to stabilize erythrocyte membrane.  
 
 
Protease inhibition 
 
Proteases play a crucial role in inflammation process. 
The serine proteases have been known to be involved in 
tissue damage thus triggering inflammatory response. 
The protease inhibitors thus were anticipated to reduce 
inflammatory   response   which   would   be   caused   by 

mediators released by leukocytes in response to 
proteases. To investigate serine protease inhibitor 
activity, we sought to test anti-trypsin activity in S. 
xanthocarpum extracts. Results depicted in Figure 5 
indicate that anti-trypsin activity was noticed more for SE 
(3.14%) than for LE (1.26%). The experiment with 
successive solvent extraction of seeds with acetone, 
ethyl acetate and water illustrated 4% protease inhibitory 
activity for acetone and aqueous extract while poor 1% 
activity was seen for ethyl acetate extract, shown in 
Figure 6.  
 
 
Free radical scavenging activity 
 
It is known that during inflammatory disorders there is an 
excessive activation of phagocytes, production of reactive  
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Figure  5. Protease inhibition ethanolic extract. SE, Seed extract; 
LE, Leaf extract. The black bars on histogram denote standard 
error. 

            

 
 

 
 

Figure 6. Protease inhibition solvent extraction. The black bars on histogram 
denote standard error.  

 
 
 
oxygen species, nascent oxygen, hydroxyl and hydrogen 
peroxide, which could harm surrounding tissue. This in 
turn would initiate lipid peroxidation resulting in 
membrane destruction. Tissue damage then provokes 
inflammatory response by production of mediators and 
chemotactic factors. The reactive oxygen species are 
also known to activate MMP. The collagenase and MMP 
is known to cause increased tissue destruction 
demonstrated in various arthritic reactions. Hence, the 
agents that can scavenge these reactive oxygen species 
would be of greater interest in treatment (Sakat et al., 
2010). The DPHH assay for free radical scavenging 
activity by the first time as per references cited using  1,1-

diphenyl-2-picrylhydrazine was performed. The 
scavenging of free radicals results shown in Figure 7 
indicates highest activity for SE (44.68%) in comparison 
to LE (36.17%) and data were parallelized with a 
standard compound ascorbic acid (23.4%). Curiously, 
both LE and SE exhibited superior activity than that of the 
positive control ascorbic acid.  
 
 
Conclusions 
 
Solanum species have been known to exhibit various 
bioactivity in leaf, root and ripened fruits.  Our preliminary  
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Figure  7. Free radical scavenging activity ethanolic extract. SE, Seed extract; LE, 
Leaf extract; AS, Ascorbic acid. The black bars on histogram denote standard error.  

 
 
 
results suggest that raw fruits and in particular seeds of 
S. xanthocarpum exhibit strong anti-inflammatory and 
anti-oxidation potentiality. Our experimental data suggest 
that either phenolic compounds or alkaloids are likely to 
be the active pharmaceutical ingredient (API). 
Experiments are underway to dissect more on 
biochemical characterization of an API from the SE and 
acetone seed extracts.  
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