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A B S T R A C T   

Long term usage and overdose of diclofenac (DCF), an anti-inflammatory drug is known to cause oxidative stress 
and liver injury. The present study reports the antioxidant, anti-inflammatory and hepatoprotective activities of 
Terminalia bellirica (Tb) fruit aqueous and ethyl acetate extracts and its bioactive compound ellagic acid (EA) 
against DCF-induced toxicity. in vitro antioxidant activities were measured by ABTS and FRAP assays while anti- 
inflammatory activity was assessed by the albumin denaturation method. The adverse effects of DCF and hep-
atoprotective potential of Tb extracts and EA were assessed in serum and liver tissue of rats after oral admin-
istration for 21 days. Silymarin was used as standard hepatoprptective agent for comparison. Hepatic markers 
analyzed in serum included ALP, GPT, GOT, LDH, γ-glutamyl transferase, total protein, creatinine, and uric acid 
while superoxide dismutase (SOD) and catalase (CAT) were analyzed in liver tissue. The EA exhibited superior 
ABTS radical scavenging, FRAP, and anti-inflammatory activities as compared to fruit extracts. DCF treatment 
led to rise in the levels of most of the serum hepatic markers with decline in total serum protein as well as SOD 
and CAT in liver tissue. The supplementation of extracts, EA and silymarin in DCF treated rats significantly 
reduced the adverse effects of DCF on serum and tissue markers. Histopathology of the liver indicated that ex-
tracts and EA significantly decreased the degree of liver fibrosis. The hepatoprotective ability of EA was com-
parable to the silymarin but activity of Tb fruit extracts was little lower. Among fruit extracts ethyl acetate 
extract exhibited better activity than aqueous extract. The results revealed that ellagic acid and T. bellirica fruit 
extracts have potential to mitigate oxidative stress and hepatotoxicity produced by long term use of diclofenac.   

1. Introduction 

Diclofenac (DCF) is a derivative of phenylacetic acid and an active 
member of non-steroidal anti-inflammatory drugs (NSAIDs) group 
which is frequently prescribed drug during fever, inflammation and 
moderate pain conditions. It also acts as an antibacterial agent by 
inhibiting DNA synthesis [1]. The mechanism of DCF action is believed 
to be associated with the inhibition of prostaglandin-endoperoxide 
synthase, also known as cyclooxygenase (COX) [2]. The liver metabo-
lizes DCF to 4-hydroxydiclofenac and other hydroxylated derivatives. 
These metabolites undergo the process of sulfation and glucuronidation 
before they are finally excreted in the bile (35 %) and urine (65 %) [3]. 
Besides, prolonged medication with DCF has been associated with a 
higher incidence of liver injury, ranging from the mild, asymptomatic, 

reversible rise in serum hepatic biomarkers leading to hepatitis and 
jaundice, including fatal hepatitis [4]. Studies on DCF induced hepato-
toxicity revealed that it causes excessive free radicals formation and an 
unusual rise in the level of liver function markers in serum [5]. A wide 
range of studies revealed that the free radicals such as reactive oxy-
gen/nitrogen species (ROS/RNS) exert oxidative stress which is a major 
cause of hepatic abnormalities like degeneration, necrosis apoptosis, 
swelling, etc [6]. In the absence of targeted hepatoprotective drugs in 
allopathic practices, plants and their bioactive compounds have played a 
major role in the treatment of various hepatic disorders. 

During various inflammatory conditions, an excessive formation of 
phagocytes, production of O2֯, OH֯ radicals and non-free radical species 
(H2O2) takes place [7] which can damage the surrounding tissue either 
by direct oxidation or indirectly with hydrogen peroxide (H2O2) and OH 
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radicals. Tissue damage then provokes an inflammatory response by the 
production of mediators and chemotactic factors [8]. The ROS is also 
known to activate matrix metalloproteinase (e.g., collagenase) causing 
increased destruction of tissues e.g. collagen damage is seen in various 
arthritic reactions [9]. Therefore, the natural agents that can mitigate 
these ROS can be useful in the treatment of inflammatory disorders. 

Terminalia bellirica (Gaertn.) Roxb. (Family Combretaceae), popu-
larly known as ‘Belleric myrobalan’, is a large deciduous tree widely 
occurring throughout the Indian subcontinent, Nepal, Sri Lanka, and 
south-east Asia [10]. T. bellirica fruit is one of the main components or 
integral part of the traditional laxative formulation, ‘Triphala’ which is 
used in a variety of ailments such as leucorrhoea, common cold, con-
stipation, headache, pharyngitis, liver diseases, gastrointestinal com-
plaints and hair fall [11]. Phytochemical investigation of T. bellirica (Tb) 
fruits have revealed the presence of ellagic acid, corilagin, arjunolic 
acid, ethyl gallate, galloyl glucose, lignans (termilignan), chebulaginic 
acid, phenyllemblin, β-sitosterol, glucoside (bellericanin), gallo-tannic 
acid, coloring matter, resins and greenish yellow oil as a major in-
gredients [12]. Earlier studies explained that Tb fruit displays numerous 
pharmacological properties comprising antidiabetic [13], antioxidant 
[14], anti-bacterial [15,16], anti-HIV [17], anti-malarial, anti-fungal 
[18], and hepatoprotective property [19]. 

Ellagic acid (EA) is a polyphenolic compound present in Tb fruit in a 
considerable amount (13− 23 mg/g) [20,21] and has been studied 
widely for its medicinal attributes. However, concentration of overall EA 
derivatives in fruit is four times higher than that of pure EA [22]. The 
antioxidant effects of EA are mediated by its metal chelating capacity, 
free radical scavenging ability, and induction of cellular antioxidant 
enzymes activity. EA has also been shown to protect cells from DNA 
damage caused by free radicals [23,24]. Very few studies have investi-
gated the free radical inhibitory activities of EA in vitro and in vivo [25]. 
Literature is silent about anti-inflammatory effects of EA. Similarly little 
or no information is available regarding efficacy of EA and Tb as hep-
atoprotectant in DCF induced toxicity. Silymarin is a natural compound 
having hepatoprotective and antioxidant action and hence it is used for 
prevention and treatment of various liver injuries/diseases including 
chronic hepatitis and liver cirrhosis [26–28]. Moreover, it is routinely 
used as a standard hepatoprotective compound in research activities 
related with xenobiotic induced hepatotoxicity. The present study re-
ports antioxidant, anti-inflammatory and hepatoprotective activities of 
Tb fruit ethyl acetate (Eth) and aqueous (AQ) extracts and EA against 
diclofenac induced oxidative stress. Silymarine has been used as stan-
dard hepatoprotective agent for comparison. To the best of our knowl-
edge, it is the first report on the evaluation of Tb extracts (Eth and AQ) 
and EA for in vitro anti-inflammatory and hepatoprotective effects 
against DCF induced liver injury in albino Wistar rats. 

2. Materials and methods 

2.1. Chemicals 

Silymarin (Sigma), ellagic acid (Himedia laboratories Pvt Ltd.), 
diclofenac sodium (Novartis, India), ABTS (Sisco Research Laboratory 
Pvt. Ltd.) were procured from standard suppliers. Biochemical kits for 
estimation of creatinine, uric acid, total protein, alkaline phosphatase 
(ALP), serum glutamic-oxaloacetic transaminase (SGOT), Serum gluta-
mic pyruvic transaminase (SGPT), γ-glutamyl transferase (GGT) and 
lactate dehydrogenase (LDH) were purchased from Erba Transasia Bio- 
medicals Ltd. All other laboratory chemicals such as 2,4,6-tripyridyl-s- 
triazine (TPTZ), potassium persulfate, bovine serum albumin, sodium 
hydroxide, hydrogen peroxide etc. were purchased from Sisco research 
laboratory Pvt. Ltd. New Delhi, India. 

2.2. Collection of plant fruits, their identification and extraction 

T. bellirica fruits were purchased from local market of Allahabad and 

identification was confirmed by Prof. D. K. Chauhan (Department of 
Botany, University of Allahabad). The fruits were shade dried at room 
temperature for 10–15 days, ground into a fine powder and extracted 
sequentially with ethyl acetate and water using the Soxhlet apparatus 
[29]. The excess amount of solvent in extracts was removed under 
reduced pressure. The total yield in Eth and AQ extracts was 4.5 % and 
23 %, respectively. The extracts were further dissolved in respective 
solvents for the determination of antioxidant, anti-inflammatory and 
hepatoprotective activities. 

2.3. Experimental animals 

Healthy albino Wistar rats of either sex, approximately of the same 
age (weight 170− 230 g), were procured from the Indian Institute of 
Toxicological Research (Lucknow, Uttar Pradesh, India). They were 
acclimatized at the departmental animal house (25 ± 2 ◦C), humidity 
40 ± 5% with 12-h light and dark cycles for 1 week before and during 
experiments. Animals were provided with a standard pellet diet (Para-
mount Techno-Chem, Varanasi, Uttar Pradesh, India) and water was 
given ad libitum. The in vivo study was performed following the Guide-
lines of Institutional Animal Ethics Committee as approved by the Na-
tional Committee for Control and Supervision of Experiments on 
Animals. 

2.4. Experimental design and treatment schedule 

The rats were divided into six groups of five each. Group-I included 
normal rats; Group-II DCF treated rats (15 mg/kg); Group-III DCF 
treated rats co-administered with the standard drug (Silymarin 40 mg/ 
kg); Group-IV DCF treated rats co-administered with EA (40 mg/kg); 
Group-V DCF treated rats co-administered with AQ extract (200 mg/kg) 
and Group-VI DCF treated rats co-administered with Eth extract 
(200 mg/kg). During experimental period all the rats were administered 
orally a single dose of the drugs or extracts or combinations thereof for 
21 days. 

2.5. Measurement of body weight and relative weight 

The body weight of the rats was analyzed before the treatment period 
and also after 6 h of the administration of drugs on each day until sac-
rifice. The weight of the liver was also analyzed after the sacrifice. The 
relative liver weight was determined by the following formula: 

Relativeliverweight =
Liverweight
bodyweight

∗100  

2.6. Collection of blood 

Approximately 4 mL blood was drawn by puncturing rat heart out of 
which 2.5 mL blood was allowed to clot and serum was separated after 
centrifugation at 2500 rpm for 10 min. The remaining blood was 
collected into anticoagulant vials and kept on ice for less than 1 h before 
processing. The sample was centrifuged at 3000 rpm for 10 min and 
plasma was collected. Both the serum and plasma and were transferred 
into separate vials and stored at − 70 ◦C for further analysis. 

2.7. Estimation of in vitro antioxidant assays 

2.7.1. ABTS radical scavenging assay 
The ABTS [2,2-azino-bis(3-ethylbenzothiazolin)-6-sulfonic acid] 

radical scavenging ability of fruit extracts and EA was determined by 
decolorization assay as described by Re et al. [30]. ABTS radical was 
generated by reacting 7 mM stock solution of ABTS⋅+ with 
2.45 mM K2S2O8 and leave the mixture in the dark at room temperature 
for 12− 16 h before use. The ABTS⋅+ solution was diluted with ethanol to 
give an absorbance of 0.70 ± 0.05 at 734 nm, reagent blank reading was 
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taken. After addition of 1.9 mL of diluted ABTS+ solution to 50 μL of 
each of the different concentrations of the extracts, reaction mixture was 
incubated at room temperature in the dark. The absorbance was 
measured at 734 nm after 6 min of initial mixing by using a UV/VIS 
spectrophotometer. Ascorbic acid was used as a standard. All de-
terminations were carried out in triplicate. The percentage ABTS radical 
scavenging ability of extracts at 734 nm was calculated using the 
formula: 

%ABTSradicalscavengingactivity =
Ac − As

Ac
∗100  

Where Ac and As is the absorbance of the control and sample, 
respectively. 

2.7.2. Ferric reducing antioxidant power (FRAP) assay 
The reducing ability of fruit extracts was measured by the method of 

Benzie and Strain [31]. To 100 μL of extracts (2 mg/mL) and EA 
(1 mg/10 mL), 4.5 mL FRAP reagent (containing acetate buffer pH 3.6, 
10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) in 40 mM HCl, and 20 mM 
FeCl3⋅6H2O in the ratio of 10:1:1) was added and after 5 min absorbance 
was measured at 593 nm. All determinations were performed in tripli-
cate. Calibration curve of ferrous sulfate (100− 1000 μmol/l) was used, 
and results were expressed in μmol Fe2+/mg dry weight of extract and 
calculated as mean ± standard deviation (SD). 

2.8. Assessment of in vitro anti-inflammatory activity 

Inhibition of albumin denaturation was assayed using the method of 
Mizushima and Kobayashi [32] followed with minor modifications. The 
reaction mixture was containing 50 μL of different concentrations of 
fruit extracts (3 mg/mL) and EA (1 mg/mL) and 450 μL of 1% aqueous 
solution of bovine serum albumin. The pH of the reaction mixture was 
adjusted using 1 N HCl. The samples were incubated at 37 ◦C for 20 min 
at room temperature followed by at 57 ◦C for 10 min in the water bath. 
After cooling, 2.5 mL of phosphate buffer solution was added in each 
test tube. The turbidity in the sample was measured spectrophotomet-
rically at 660 nm. DCF (1 mg/mL) was used as a standard 
anti-inflammatory drug. The experiment was performed in triplicate. 
Percent inhibition of protein denaturation was calculated as follows: 

%Albumindenaturationinhibition =
Ac − As

Ac
∗100  

Where Ac and As is the absorbance of the control and sample, respec-
tively. The control was prepared by adding 50 μl of phosphate buffer in 
place of the sample. 

2.9. Biochemical analysis 

2.9.1. Assessment of Liver marker enzymes in serum 
The biochemical parameters viz., SGPT, SGOT, GGT, LDH, ALP, total 

protein, uric acid, and creatinine were assayed using commercially 
available kits (Erba Diagnostics Kits). 

2.9.2. Preparation of liver tissue homogenate 
The 10 % (w/v) homogenates of liver were prepared in phosphate 

buffer solution (0.1 M, pH-7.4 having 0.15 M KCl) and centrifuged at 
1000×g for 30 min at 4− 6 ◦C. The supernatant was separated by gentle 
decantation and used for assay of antioxidant enzymes. 

2.9.3. Assessment of antioxidant enzymes in liver tissue homogenate 
The activity of superoxide dismutase (SOD, E.C. 1.15.1.1) was 

measured by the method of Marklund and Marklund [33]. The absor-
bance of a colored complex involving pyrogallol auto-oxidation at 
412 nm was measured for 3 min at the interval of 30 s with or without 
the enzyme protein. One unit of the enzyme activity was expressed as a 

50 % inhibition of auto-oxidation of pyrogallol per minute. The catalase 
(CAT, E.C. 1.11.1.6) activity was measured according to the method of 
Beers and Sizer [34] by measuring the decrease in the absorbance for 
H2O2 consumption at 240 nm at the interval of 30 s for 3 min. One unit 
of CAT activity was defined as micromoles of H2O2 decomposed per min 
using molar absorbance of H2O2 (43.6 M− 1 cm− 1). 

2.10. Determination of total protein in liver tissue homogenate 

The protein content in the liver tissue was measured by the method 
of Lowry et al. [35] and BSA was used standard. 

2.11. Histological analysis of liver 

The liver biopsies of the rats were fixed in 10 % formalin, dehydrated 
in graded alcohol, and then embedded in paraffin wax. The paraffin- 
embedded tissue was sectioned (5 μm) serially using SPINCON rotary 
microtome (model number SP-1120/SP-1120A). The sections were 
distributed on albumin coated sterilized glass slides, stretched and 
stained with hematoxylin and eosin (H&E) dyes [36]. The slides con-
taining tissue sections stained with H&E were observed under a light 
microscope at ×40 magnification after being mounted using dibu-
tylphthalate polystyrene xylene (DPX). 

2.12. Statistical analysis 

The results obtained were expressed as a mean ± standard deviation 
(SD) by the use of one way ANOVA followed by Student Newman-Keul’s 
test. The values were considered significant at p < 0.05. 

3. Results 

3.1. In vitro antioxidant activity 

Tb fruit extracts (Eth and AQ) and EA were found to be significant 
scavengers (p < 0.05) of the ABTS radical and this activity was com-
parable to standard solution ascorbic acid (IC50 value 1.46 μg/mL). EA 
(IC50 1.71 μg/mL) showed higher antioxidant activity as compared to 
Eth (IC50 11.78 μg/mL) and AQ extracts (IC50 14.44 μg/mL) in ABTS 
radical scavenging assay. The activities of test extracts were compara-
tively lower than the activity shown by ascorbic acid. 

During FRAP assay, EA showed considerably higher reducing ability 
(99,708\±63.08 μmol FeSO4.7H2O equivalent/mg) in comparison to 
Eth extract (6527.05±87.18μmol FeSO4.7H2O equivalent/mg). The 
result was statistically significant (p < 0.05). 

3.2. In vitro anti-inflammatory activity 

Antiinflammatory activity of extracts and EA was investigated by 
inhibition of heat-induced albumin denaturation. Both the extracts and 
EA exhibited concentration-dependent anti-inflammatory activity. EA 
exhibited superior activity (IC50 7.64 μg/mL) as compared to AQ (IC50 
36.22 μg/mL) and Eth (IC50 28.03 μg/mL) extracts by inhibiting the 
heat-induced denaturation of albumin more effectively as shown in 
Fig. 1. Maximum inhibition of albumin denaturation by EA 
(86.62 ± 0.65 %) was observed at the concentration of 16.7 μg/mL 
while AQ and Eth extract produced 67.57 % and 77.67 % inhibition, 
respectively at the concentration of 50 μg/mL. DCF, a standard anti- 
inflammatory drug, showed comparatively higher anti-inflammatory 
activity (95.56 ± 0.56 %) with lower IC50 value (5.66 μg/mL). 

3.3. Change in body weight and relative liver weight 

DCF treatment led to a remarkable decline (18.54 %) in rat body 
weight over three weeks duration (Table 1). However, control rats 
showed about 17.82 % increase in body weight during the same period. 
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The percentage weight loss of group II rats was significantly higher than 
those of group I (p < 0.0001) and groups III-V (p < 0.005). Co- 
administration of EA and Tb fruit extracts (AQ and Eth) with DCF 
exhibited restorative effect (7–11.5 % recovery) on body weight. Stan-
dard drug silymarin showed maximum recovery potential (11.5 %) 
followed by EA (9.68 %), Eth (9.5 %) and AQ (7%). 

An inverse correlation was observed between body weight and 
relative liver weight. Relative liver weight enhanced from 2.35 % in 
control to 4.31 % in DCF treated rats (p < 0.0001) while treatment with 
EA and Tb fruit extracts (AQ and Eth) showed a restorative effect on the 
liver weight of rats. In comparison to Group II rats, the recovery with the 
administration of EA and Tb fruit extracts was statistically significant 
(p < 0.005). 

3.4. Serum biochemical analysis 

The hepatoprotective potential of Tb fruit extracts and EA was 
assessed by determining the levels of serum hepatic function markers 
after 21 days of DCF intoxication in rats (Figs. 2 and 3). In DCF treated 
rats (Group II) the level of SGOT, SGPT, ALP, LDH, GGT, creatinine, and 
uric acid increased considerably in blood with a reduction in total pro-
tein as compared to control (Group I). However, supplementation of EA, 
Tb fruit Eth and AQ extracts and SLM caused a significant reduction in 
the level of SGOT, SGPT, ALP, LDH, GGT, uric acid and creatinine to-
wards normalcy as compared to DCF treated group II rats (p < 0.005). 
The highest recovery in the level of serum liver function markers was 
observed in the standard drug SLM treated group III rats (p < 0.0005). 

However, the results produced by EA treatment was comparable to SLM 
treatment. A noteworthy increase in serum total protein was observed 
with the treatment (Fig. 3A). 

3.5. Assessment of antioxidant enzymes in liver tissue homogenate 

Antioxidant status of liver tissue was monitored by evaluating the 
activities of CAT and SOD in rats administered with DCF and test com-
pounds. Activities of both the antioxidant enzymes declined substan-
tially after three weeks of DCF treatment in Group II rats indicating 
toxicity (Fig. 4A-B). In quantitative term activities of catalase and SOD 
were found to be 6.66 U/mg and 28.11U/mg, respectively in control rats 
which reduced to 2.54 U/mg and 9.48 U/mg, respectively under the 
influence of DCF (Group II) showing 34–38 % of the original activity. 
SLM treatment augmented the activities of catalase and SOD up to 80 % 
of the normal values. Almost similar enhancement in enzyme activities 
was obtained with EA treatment (76 % of normal values). Appreciable 
recovery (66–72 %) in the activity of both the antioxidant enzymes was 
observed with the treatment of Eth extract (Group VI). AQ extract 
accounted for comparatively lower recovery (56–60 %) at the same dose 
(Fig. 4). 

3.6. Histopathological changes in liver 

Histological sections of the normal rat liver slices revealed a normal 
liver lobular architecture with central vein and radiating hepatic cords 
accompanied by intact hepatocytes with sinusoidal spaces and evenly 
distributed cytoplasm (Fig. 5A). DCF treated group exhibited noticeable 
morphological alterations and fibrosis, as shown by disruption of the 
tissue architecture, extension of fibers, large fibrous septa formation, 
pseudo-lobe separation, and fibers accumulation. This is evidenced by 
massive hepatocellular degeneration, necrosis, sinusoidal dilatation, 
infiltration of inflammatory cell and cytoplasmic vacuolation (Fig. 5B). 
However, concurrent administration of EA, Tb fruit AQ and Eth extracts 
with DCF accounted for the reasonable improvement in the hepatic ar-
chitecture as observed by reduction in liver damage and associated he-
patic injuries by suppressing hepatocellular degeneration and necrosis 
and thereby significantly improving liver structure and function 
(Fig. 5D-F). Administration of SLM, the standard drug, showed 
comparatively better hepatoprotective potential (Fig. 5C). The histo-
pathological improvement observed in liver slices administered with EA, 
Tb extracts and SLM in DCF treated rats finds direct correlation with the 
liver weight, body weight and serum liver function markers along with 
tissue antioxidants. 

Fig. 1. Anti-inflammatory activity of diclofenac, ellagic acid, and T. bellirica fruit extracts in heat-induced albumin denaturation assay. (A) Percentage albumin 
denaturation inhibiton by diclofenac and ellagic acid; (B) Percentage albumin denaturation inhibition by Tb fruit aqueous and ethyl acetate extracts. Results were 
expressed in mean ± SD. 

Table 1 
Effect of administration of T. bellirica fruit extracts and ellagic acid on the body 
weight and relative liver weight of diclofenac treated rats for 21 days. Group-I: 
control rats; Group-II: DCF treated rats; Group-III: DCF + SLM treated rats; 
Group-IV: DCF + EA treated rats; Group-V: DCF + AQ treated rats; Group-VI: 
DCF + Eth treated rats. Each value is expressed in mean ± SD (n = 5). Abbre-
viations: DCF- diclofenac, SLM- silymarin, EA- ellagic acid, AQ- aqueous extract, 
Eth- ethyl acetate extract. (*) represents a significant difference from control 
(p < 0.0001). (#) represents a significant difference from group II (p < 0.005).  

Groups Bodyweight 
Change (%) 

Absolute liver 
Weight (g) 

Relative liver 
Weight (%) 

Group-I 17.82 ± 3.03 4.24 ± 0.06 2.35 ± 0.09 
Group-II − 18.54 ± 1.78* 7.44 ± 0.28* 4.31 ± 0.07* 
Group-III − 6.99 ± 1.57# 4.79 ± 0.10# 3.06 ± 0.07# 

Group-IV − 8.86 ± 0.78# 5.39 ± 1.21# 3.26 ± 0.35# 

Group-V − 11.59 ± 1.06# 5.89 ± 0.21# 3.56 ± 0.08# 

Group-VI − 9.05 ± 4.70# 6.40 ± 0.22# 2.99 ± 0.01#  
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Fig. 2. A-E: Effect of T. bellirica fruit extracts (aqueous and ethyl acetate) and ellagic acid on the serum enzyme markers of liver function (A) Serum glutamic- 
oxaloacetic transaminase (SGOT), (B) Serum glutamic pyruvic transaminase (SGPT), (C) Alkaline phosphatase (ALP), (D) Lactate dehydrogenase (LDH), (E) 
γ-glutamyl transferase (GGT) in diclofenac treated rats. Group-I: control rats; Group-II: DCF treated rats; Group-III: DCF + SLM treated rats; Group-IV: DCF + EA 
treated rats; Group-V: DCF + AQ treated rats; Group-VI: DCF + Eth treated rats. Values represent mean ± SD (n = 5). Abbreviations: DCF- diclofenac, SLM- sily-
marin, EA- ellagic acid, AQ- aqueous extract, Eth- ethyl acetate extract. (*) represents a significant difference from control (p < 0.0001). (#) represents significant 
difference from group II (a- p < 0.0005, b- p < 0.005). 

Fig. 3. A-C: Effect of T. bellirica fruit extracts (aqueous and ethyl acetate) and ellagic acid on non-enzymic markers of the liver function in serum (A)Total protein, (B) 
Creatinine, (C) Uric acid in diclofenac (DCF) treated rats for 21 days. Group-I: control rats; Group-II: DCF treated rats; Group-III: DCF + SLM treated rats; Group-IV: 
DCF + EA treated rats; Group-V: DCF + AQ treated rats; Group-VI: DCF + Eth treated rats. Values represent mean ± SD (n = 5). Abbreviations: DCF- diclofenac, 
SLM- silymarin, EA- ellagic acid, AQ- aqueous extract, Eth- ethyl acetate extract. (*) represents a significant difference from control (p < 0.0001). (#) represents 
significant difference from group II (a- p < 0.0005, b- p < 0.005). 

Fig. 4. A-B: Effect of T. bellirica fruit extracts 
and ellagic acid on the liver tissue antioxidant 
enzymes (A) Catalase (CAT), (B) Superoxide 
dismutase (SOD) in diclofenac treated rats for 
21 days. Group-I: control rats; Group-II: DCF 
treated rats; Group-III: DCF + SLM treated rats; 
Group-IV: DCF + EA treated rats; Group-V: 
DCF + AQ treated rats; Group-VI: DCF + Eth 
treated rats. Values represent mean ± SD 
(n = 5). Abbreviations: DCF- diclofenac, SLM- 
silymarin, EA- ellagic acid, AQ- aqueous 
extract, Eth- ethyl acetate extract. (*) represents 
a significant difference from control 
(p < 0.0001). (#) represents significant differ-
ence from group II (a- p < 0.0005, b- 
p < 0.005).   
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4. Discussion 

The adverse effects of drugs and synthetic antioxidants have drawn 
the attention of researchers to explore new sources of natural antioxi-
dants and hepatoprotectants which are more potent to control oxidative 
stress and avert the initiation of disease propagation [37,38]. Antioxi-
dants are those compounds that inhibit the oxidation of critical bio-
molecules by preventing the propagation of oxidizing chain reactions 
[39]. Interestingly, few studies on the antioxidant properties of Tb fruit 
have been done earlier [13,19,40]. However, this is the first study that 
assessed the antioxidant, anti-inflammatory and hepatoprotective at-
tributes of Tb fruit aqueous and ethyl acetate extracts and EA against 
DCF induced liver injury in albino Wistar rats. 

Antioxidant evaluation of Tb fruit Eth and AQ extracts and EA 
showed significant radical scavenging activities during in vitro ABTS 
radical scavenging and FRAP assays. The radical ABTS+ is a chemically 
stable chromophore over a wide pH range that shows maximum 
absorbance in the wavelength range of 600− 750 nm. ABTS+ radical is 
soluble in aqueous and organic media; hence it is useful for determining 
antioxidant activity of water-soluble and fat-soluble samples [41]. Test 
samples exhibited radical quenching ability in a 
concentration-dependent manner and blue colored chromophore was 
reduced to colorless ABTS. Therefore, the degree of discoloration made 
it possible to evaluate the percentage of inhibition of the ABTS cation 
radical by test compounds, which is determined as a function of the 
antioxidant concentration and the reaction time [42]. IC50 values for 
EA, Eth, and AQ were found to be 1.71 μg/mL, 11.78 μg/mL and 
14.44 μg/mL, respectively. The radical scavenging activity of EA was 
comparable to the activity shown by standard antioxidant ascorbic acid 
(IC50 value 1.46 μg/mL) [43]. However, the activity of Eth and AQ 
extracts of Tb fruit was a little lower. A comparatively higher amount of 
Tb extracts were required to enhance the ABTS radical quenching effi-
cacy comparable to EA and ascorbic acid. 

FRAP assay was used to determine the potential of extracts and EA to 
reduce ferric ions. The blue-colored Fe3+ tripyridyltriazine complex gets 
reduced to colorless Fe2+ form because of the electron-donating ability 
of extracts and EA [44]. During in vitro antioxidant analysis, EA showed 
higher antioxidant efficacy followed by Eth and AQ extracts. Activity of 
EA was comparable to the standard antioxidant. Comperatively lower 

activity in fruit extracts could be correlated with lower amount of ellagic 
acid in extracts as EA constitutes about 2.3 % of the Tb fruit [21]. 
Therefore, Eth and AQ extracts exhibited relatively lower antioxidant 
activity as compared to pure EA. Moreover, several other phytochemi-
cals present in Tb fruit such as gallic acid, chebulic acid, corilagin, and 
ferulic acid, etc. might also be responsible for showing this activity [21]. 

Inflammation is a common symptom of many chronic diseases. It is a 
normal protective response to tissue injury caused by physical trauma, 
noxious chemical or microbial agents [45]. The inflammatory drugs 
(salicylic acid, phenylbutazone, aceclofenac, etc.) have shown 
dose-dependent ability to prevent heat-induced protein denaturation 
but these are related to several adverse effects like gastric irritation, 
ulcer, etc. [32,46]. In the present study Tb fruit, Eth and AQ extracts and 
EA showed concentration-dependent in vitro anti-inflammatory activity 
in heat-induced denaturation of albumin (Fig. 1). Percentage inhibition 
of albumin denaturation concerning control is referred to as a degree of 
protein stabilization [47]. At lower concentrations, the activity of EA 
(IC50 7.64 μg/mL) on protein denaturation inhibition was comparable 
to the activity of DCF (IC50 5.66 μg/mL). However, Eth and AQ extracts 
also exhibited noteworthy anti-inflammatory activity at higher con-
centrations. This could be attributed to the increase in the amount of 
ellagic acid content in extracts at higher concentration as EA constitutes 
about 2.3 % of Tb fruit [21]. Several studies suggested that tissue protein 
denaturation is related to inflammatory and arthritic diseases because of 
the production of autoantigens [48]. Therefore, the current study on Tb 
extracts exhibiting protein denaturation preventive action in vitro 
would provide a new direction towards research and development of 
anti-inflammatory drugs. 

The liver performs a critical role in inhibiting the accumulation of 
compounds by converting them into a suitable form for excretion. All 
compounds undergo xenobiotic metabolism, through several rounds of 
biochemical transformations. During this process, some of the in-
termediates show adverse responses [49]. Usually, the liver is highly 
prone to injury by intermediate products of drug metabolism. Therefore, 
a better quantitative understanding of the balance between the xeno-
biotic detoxification process and hepatic damage could provide better 
direction for safe levels in both pharmaceutical and toxicological situ-
ations [50]. Particularly, the capability to predict the toxicity profile of 
lead candidates is necessary to rationalize pharmaceutical drug 

Fig. 5. Histopathological analysis of experimental liver tissues following administration of T. bellirica fruit extracts and ellagic acid (EA) in diclofenac (DCF) treated 
rats. A- Control rats; B- DCF treated rats; C- DCF + silymarin treated rats; D- DCF + EA treated rats; E- DCF + aqueous extract-treated rats; F- DCF + ethyl acetate 
extract treated rats. The blue color arrow represents central vain; black arrow represents the nucleus, and the yellow arrow represents inflammatory cells. 
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development [51,52]. Hepatic injuries modify the transport action and 
membrane permeability of hepatocytes leading to oozing of enzymes 
from the cells and subsequently level of various liver function markers in 
the blood increases [53]. Therefore, the abnormal rise of hepatic serum 
enzymatic and non-enzymatic markers coupled with reduction in serum 
proteins into the circulation suggested severe impairment to hepatic 
tissue during DCF intoxication. 

During the study period, daily administration of DCF for continuous 
21 days led to 18.5 % decrease in body weight along with a significant 
rise (4.3 %) in relative liver weight signifying the adverse effect of DCF 
intoxication in rats (Table 1). It has been reported that DCF causes 
gastric ulceration due to which the animals find it difficult to have food 
thereby resulting in malnutrition [54]. The rise in liver weight was 
however observed to be related to a concomitant increase in the level of 
serum markers such as SGOT, SGPT, GGT, ALP, LDH, creatinine, and 
uric acid (Figs. 2, 3) Other studies on NSAIDs-induced toxicity have also 
reported an elevated levels of hepatic markers [55,56]. However, 
treatment with Tb fruit extracts and EA accounted for considerable re-
covery in body weight and liver weight indicating the hepatoprotective 
effect of Tb phytoconstituents against DCF induced hepatotoxicity 
(Table 1). A decline in total protein (Fig. 3A) was an indicator of massive 
necrosis of the hepatocyte as well as altered hepatic functions [57,58]. 
The level of total protein in serum also increased significantly coupled 
with a reduction in SGOT, SGPT, GGT, ALP, creatinine, uric acid, and 
LDH levels under influence of test compounds which substantiated the 
hepatoprotective action of EA and Tb fruit Eth and AQ extracts (Figs. 2, 
3). SLM treatment produced best hepatoprotective effect against DCF 
mediated toxicity as indicated by recovery of the pathophysiological 
parameters towards normal level in group III rats. Hepatoprotective 
activities of EA was comparable to the activities shown by SLM. This fact 
further provided support to the little lower hepatoprotective and anti-
oxidant activities of Tb AQ and Eth extracts as they possessed relatively 
lower amount of bioactive compounds as compared to EA [59,21,25]. 
The concentration of total EA derivatives in fruit is reported to be four 
times higher than that of pure EA [22]. Thus, amount of total EA de-
rivatives in test extracts (200 mg/kg) was computed to be 18.4 mg/kg 
which is about half of the amount of EA (40 mg/kg) fed to rats. There-
fore, comparatively lower activity observed in the fruit extracts could be 
correlated with the lesser amount of EA content in the extracts. More-
over, solubility of EA is greater in ethyl acetate as compared to water. 
This fact further corroborates the higher biological activity observed in 
the Eth extract. Furthermore, the antioxidant activity of EA might be 
associated with the direct scavenging action on DCF generated ROS and 
indirectly through the induction of antioxidant enzymes and thereby 
protecting hepatocytes against ROS mediated liver injury [60,61]. 

The endogenous antioxidant markers (SOD and CAT) in DFC 
administered rats were found to be decreased in hepatic tissue. SOD 
catalyzes the dismutation of superoxide radicals into O2 to H2O2 which 
has an important role in scavenging ROS [62]. Decreased SOD activity in 
group II rats might be associated with a reduction in ROS scavenging 
action, whereas administration of EA and Tb extracts (Eth and AQ) in 
DFC treated rats caused enhancement in the level of SOD (group IV–VI). 
CAT also plays an essential role in protecting cells from oxidative 
damages [37]. Decreased level of CAT in DFC treated rats diminished the 
ability of hepatic tissue to defend against oxidative insult. EA and Tb 
extracts improved the level of CAT in hepatocytes (Fig. 4). Toxicity 
produced by continued DCF treatment for three weeks and its amelio-
ration by EA and Tb extracts was also reflected in histological sections of 
the liver slices. Toxicity leads to morphological alterations in hepatic 
tissue and degree of toxicity directly depicts the degree of liver injury 
[63]. The histopathological examination of DCF treated rat liver 
exhibited typical alterations in liver slices such as ballooning, degener-
ation of hepatocytes, hepatocellular necrosis, and inflammatory cell 
infiltration (Fig. 5B) which was consistent with the assay results for 
biochemical parameters associated with hepatotoxicity in the serum and 
tissue. Further SLM, EA and Tb extract treatment led to an improvement 

in morphological features (Fig. 5C-F). Hence changes observed in his-
tological sections substantiated the biochemical results. 

Since active extract has numerous classes of phytochemical moieties 
and interaction between them have been postulated for producing 
synergistic effect to elicit their antioxidant, wound healing, haemato-
poetic, erythropoetic and other biological activities [59,64]. It is likely 
that a synergistic interplay berween several Terminalia extract compo-
nents such as tannin and pseudotannins, gallic acid and its esters, 
chebulic, chebulagic, chebulinic acids and non-chebulic acid, ellagi-
tannins, corilagin, ellagic acid, flavanols, triterpenes etc. takes place for 
producing diverse biological activities [21,22]. Hence observed bio-
logical activities in extracts could also be attributed to synergism be-
tween various phytoconstituents. 

The present study suggested that ellagic acid possesses significant 
protective potential against oxidative stress and liver injury resulting 
from long term intake of diclofenac as compared to T. bellirica fruit 
aqueous and ethyl acetate extracts. The study further put forward that 
plants and their compounds have enormous potential in mitigating 
hepatotoxicity and oxidative stress resulting from adverse drug effects. 

5. Conclusion 

Ethyl acetate and aqueous extracts of T. bellirica fruit and one of its 
bioactive compounds ellagic acid have shown antioxidant and anti- 
inflammatory activities in vitro. It was observed that long term intake 
of diclofenac, an anti-inflammatory agent, was liable for causing hepa-
totoxicity in rats which was characterized by alterations in biomarkers 
of oxidative stress and liver function in blood and tissue as well as in 
liver sections. Administration of T. bellirica fruit aqueous and ethyl ac-
etate extracts and ellagic acid demonstrated substantial hep-
atoprotective efficacy against oxidative stress and hepatic damage in 
rats. Hepatoprotective efficacy of ellagic acid was comparable to sily-
marin. The study suggested that T. bellirica fruit constituents have 
enormous medicinal efficacy as an antioxidant, anti-inflammatory, and 
hepatoprotective agents. To best of our knowledge, this is the first report 
showing beneficial effects of T. bellirica fruit extracts and ellagic acid 
against diclofenac mediated hepatotoxicity. However, further studies 
are required to understand the exact mechanism of action of various 
constituents present in T. bellirica which might be helpful in developing 
the new therapeutic agent of natural origin. 
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