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ABSTRACT: The objective of this study was to determine the hepatoprotective 

effect of strawberry extract (150 mg/kg.b.w) in rats against Indomethacin sodium-

induced gastric ulceration. Oral indomethacin administration (5 mg/kg.b.w.) resulted 

in a substantial rise in total plasma cholesterol, triglycerides (HDL), factor-alfa 

(TNF-α), nitric oxide (NO), liver and stomach necrosis, tumor necrosis factor-alfa 

(TNF-α), nitric oxide (NO), thiobarbaturic acid reactive substances (TBARS), 8-

hydroxy 2 deoxyguanosine (8-OHdG) and NF kappaB. Also, treatment of rats with 

Indomethacin led to a significant decrease in liver and stomach high mobility group 

box 1 (HMGB1) gene expression as well as a decrease in the levels of GSH, 

superoxide dismutase (SOD), catalase (CAT). The obtained results supported by 

histopathological data obtained by light and electron microscope which revealed that 

strawberry extract (150 mg/kg.b.w.) prevent liver tissue damage and stomach 

ulceration through increasing of GSH, SOD and CAT activities and decrease 

significantly TBARs, TNF-α, NO, 8-OHdG, NF kappaB levels, and HMGB1 gene 

expression. Conclusion: These results suggest that strawberry extract contains 

bioactive phenolics, minerals, and vitamins, which may be effective in enhances the 

protection of liver toxicity and treatment of ulceration by its radical-scavenging 

effect, antioxidant and anti-inflammatory activity. 

INTRODUCTION: NSAIDs are one of the most 

common groups of drugs that induce oxidative 

stress and produce various tissue damage such as 

gastrointestinal damage, nephrotoxicity, and 

hepatotoxicity 
1-3

.  
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Gastric mucosa injury was devolved by misused of 

NSAIDs due to the inhibition of cyclooxygenase 

enzyme (COX) and suppression of prostaglandin-

mediated effects on mucosal protection 
4
.  

Indomethacin is one of the NSAIDs that was 

synthesized specifically to treat the inflammatory 

responses 
5 

via Inhibition of COX and blocks 

production of prostanoid metabolites 
5, 6

. The major 

cellular sources of prostaglandins in the liver are 

endothelial, and Kupffer cells hepatocytes rapidly 

metabolize COX products 
7
. Indomethacin leads to 

mitochondrial oxidative stress associated with the 

Keywords: 

Straw berry, Hepatoprotective, 

Gastroprotective, Indomethacin, 

Antioxidant enzymes, Inflammatory 

mediators, Ultrastructural changes. 

Correspondence to Author: 

Mohammed Abdalla Hussein   

Prof. of Biochemistry and Vice Dean 

for Post-graduate Studies and 

Scientific Research, Faculty of 

Applied Medical Sciences, October 6 

University, Egypt.  

E-mail:  prof.husseinma@o6u.edu.eg 



Hassan et al., IJPSR, 2021; Vol. 12(6): 3120-3133.                                       E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              3121 

generation of intra-mitochondrial reactive oxygen 

species (ROS), which induces an imbalance of 

oxidants and antioxidants status in living system 
6
. 

Gastrointestinal toxicity was produced by 

Indomethacin via increasing gastric acid secretion 

and interfered with mucosal cell regeneration. Also, 

it inhibits PGE2 and gastric nitric oxide synthesis 

and produces free radicals, led to induce of gastric 

apoptosis 
8
. 

High mobility group box 1 (HMGB1) is a DNA-

binding nuclear protein that can be released into the 

extracellular milieu during states of cellular stress 

or damage and subsequently activate the immune 

system and promote inflammation 
9, 10

. 

HMGB1 represents a major challenge to improve 

the treatment of acute/chronic inflammation as well 

as infection and ischemia-reperfusion-induced 

injury. Many studies prove that the developing of 

HMGB1 inhibitors like natural products 
11-13

. 

Strawberry is a crop cultivated worldwide; its 

cultivars are specifically adapted to the different 

areas 
14

. It is the best source of minerals such as 

manganese, potassium, magnesium, copper, iron 

and phosphorus 
15

, ascorbic acid 
16

, thiamine, 

riboflavin, niacin, vitamin B6, vitamin K, vitamin 

A and vitamin E 
17

, folate 
18

, flavonols, catechins, 

hydroxycinnamic acids, ellagitannins, and ellagic 

acid have also been associated with the beneficial 

effect of strawberries on human health 
19

. The most 

significant contributors of the antioxidant capacity 

of strawberries are considered to be ascorbic acid, 

ellagitannins, and anthocyanins 
20

. 

In-vivo tests have been conducted with extract 

berry fruits to determine, for example, its 

hepatoprotective 
23

, hypolipidemic, hypoglycemic, 

and antioxidant activity 
24

. But there are no reports 

about the hepato-and gastroprotective activity of 

the strawberry extract.  

As an extension of our studies on the biological 

importance of neutral products 
25-27

, we wish to 

evaluate the therapeutic potential of the strawberry 

extract on indomethacin-induced ulcerative gastritis 

in a rat model. Therefore, in the present study, we 

sought to understand whether the regulation of 

HMGB1 through strawberry is a good strategy to 

reduce gastric inflammation. 

MATERIALS AND METHODS: 

Dose of Strawberry Extract:  

1. Strawberry extract was purchased from 

Virgin Extracts (TM), China. Strawberry 

was given to rats with 150mg/ kg.b.w. daily 

for 7 days by oral gastric gavage tube.  

2. Indomethacin (100%) was obtained from 

Merck Ltd., Germany. All reagents used 

were of analytical grade. 

Experimental Set-Up: This experiment was 

carried out to examine the protective potential of 

the strawberry extract against Indomethacin-

induced liver toxicity and gastric inflammation in a 

rat model. Groups of animals, each consisting of 8 

rats, were treated daily for 7 days as follows:  

Group I: Normal; was given saline orally for 7 

days.  

Group II: Positive control; was treated with 

Indomethacin (5 mg/kg b.w.) suspended in saline 

orally in a single daily dose for 7 days 
21

.  

Group III: was treated with strawberry extract 

(150 mg/kg.b.w, orally) dissolved in saline for 7 

days 
22

. 

Group IV: was treated with strawberry extract 

(150 mg/kg.b.w, orally) + indomethacin (5 mg/kg 

b.w.)  suspended in saline for 7 days. 

Blood Samples: Blood samples were collected at 

the end of experimental period in dry, clean, and 

screw capped tubes, also, plasma was separated by 

centrifugation at 2500 r.p.m for 15 min. Serum was 

separated by automatic pipette and received in dry 
sterile samples tube and kept in a deep freeze t -20°C 
until used for subsequent biochemical analysis 

(triglyceride 
28

, total cholesterol 
29

 and HDL-C 
30

).   

Tissue Specimens (Liver and Stomach): At the 

end of the experiment, rats of each group were 

sacrificed by cervical decapitation. The abdomen 

and chest were opened and the liver and stomach 

specimens were quickly removed and opened 

gently using a scrapper, cleaned by rinsing with 

ice-cold isotonic saline to remove any blood cells, 

clots, then blotted between 2 filter papers and 

divided into two parts one part for biochemical 

estimation of liver and stomach GSH 
31

, superoxide 
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dismutase (SOD) 
32

, Catalase (CAT) 
33

, TBARS 
34

, 

TNF-α 
35

, Nitric oxide 
36

, 8-hydroxy 2 deoxy-

guanosine (8-OHdG) 
37

 and NF kappaB 
38

.  

Real-Time PCR: Total RNA was isolated from 

rats liver and stomach tissues using the RNeasy kit 

(Invitrogen, California, USA), and 1 mg of total 

RNA was reverse transcribed by a High-Capacity 

cDNA Reverse Transcription Kit (Agilent 

Technologies, CA, USA) and the integrity of RNA 

was analyzed by gel imaging system (Bio-Rad 

Laboratories, Inc., Hercules, CA, USA). The RT-

PCR amplifications were done with an ABI PRISM 

7300 Sequence Detection System using the SYBR 

Green kit (Applied Biosystems). Specific primers 

were identified using the Primer Express v.3.0 

(Applied Biosystems) provided with the ABI 

Prism7300 sequence detector. 

The following primers were used: 

HMGB1 forward (fwd) primer: 5'-GCCTCGCG 

GAGGAAAATC -3'; HMGB1 reverse (rvs) 

primer: 5'-AAGTTTGCACAAAGAATGCATAT 

GA-3' 

GAPGH (fwd) primer 5'-AACTTTGGCATT 

GTGGAAGG-3'; GAPGH (rvs) primer 5'- CACA 

TTGGGGGTAGGAA AC -3'. 

HMGB1 gene expression level of mRNA was 

assessed using the standard curve method and 

GAPDH was used for normalization. 

Histopathological Assessment: Liver and stomach 

were extracted. Specimen from liver and glandular 

stomach were preserved in formalin 10% then 

routinely processed to be embedded in paraffin. 5-

mm thick paraffin sections were cut and stained 

with hematoxylin-eosin (HE) for light microscopic 

analysis according to the method of Bancroft and 

Steven 
39

. Histopathological scoring in liver for 

degree of (congestion, ductular proliferation, portal 

tract fibrosis, portal inflammation, lobular 

inflammation, degeneration, apoptosis) was scored 

as: 0 = absent; 1 = slight; 2 = moderate; and 3 = 

severe 
40

. Histopathological scoring in glandular 

stomach for degree of (congestion, ulceration, 

inflammation, submucosal edema) was scored as: 0 

= absent; 1 = slight; 2 = moderate; and 3 = severe. 

Histopathological evaluation was performed in six 

sections per slide from all animals in each group. 

Ultrastructure Analysis: Tissue spacemen from 

liver and stomach were processed as described in 

Oliveira et al. 
41

 Tissues were diced and fixed in 

2.5% glutaraldehyde for 4 h and subsequently 

washed in phosphate buffer (pH 7.4), post-fixed in 

1% osmium tetroxide in phosphate buffer (pH 7.4) 

and dehydrated using alcohol series. Then, the 

tissues were washed with propylene oxide and 

embedded in epoxyresin embedding media Epon 

resin (Epon 812; Fluka Chemie, Switzerland). The 

samples transferred to polyethylene capsules and 

placed in oven at 60°C for 24 h to insure 

polymerization. Ultrathin-sections (60-70 nm) were 

cut using ultramicrotome and investigated using 

transmission electron microscope JEOL-JEM 2100 

TEM operated at 80 KV.  

Statistical Analysis: The obtained data were 

statistically analyzed and using the statistical 

package for social science (SPSS, 13.0 software 

(2012) 
42

 for obtaining mean and standard deviation 

and error. The data were analyzed using one-way 

ANOVA to determine the statistical significance of 

differences among groups. Duncan's test was used 

for making multiple comparison among the groups 

for testing the inter-grouping homogeneity. 

RESULTS: After treatment with Indomethacin, the 

level of plasma cholesterol (TC) and triglycerides 

(TG) were significantly (P<0.05) increased as well 

as significantly decreased of HDL-C as compared 

to the control Table 1. Rat receiving strawberry 

extract used in this study (150 mg/kg.b.w.) showed 

a significant decrease the plasma cholesterol (TC) 

and triglycerides (TG) as well as a significant 

increase of HDL-C compared to the group that 

received Indomethacin (p< 0.05). 

Table 2 showed the oral administration of 

Indomethacin at 5 mg/kg.b.w. resulted in a 

significant increase in liver and stomach tumor 

necroses factor -α (TNF-α), nitric oxide (NO), and 

thiobarbituric acid reactive substances (TBARS) 

compared to the normal control group (p<0.05). 

Rat receiving an extract of strawberry (150 

mg/kg.b.w.) showed a significant decrease in TNF-

α, NO and TBARS compared to the group that 

received Indomethacin (p< 0.05).   

Table 3 showed the oral administration of 

Indomethacin at 5 mg/kg.b.w. resulted in a 
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significant decrease in liver and stomach reduced 

glutathione (GSH) and activities of superoxide 

dismutase (SOD) and catalase (CAT) compared to 

the normal control group (p< 0.05). Rat receiving 

an extract of strawberry (150 mg/kg.b.w.) showed a 

significant increase in liver and stomach reduced 

glutathione (GSH) and activities of superoxide 

dismutase (SOD) and catalase (CAT) compared to 

the group that received Indomethacin (p<0.05).   

TABLE 1: PLASMA LEVEL OF TOTAL CHOLESTEROL (TC), TRIGLYCERIDES (TG) AND HDL-C IN NORMAL 

AND EXPERIMENTAL GROUPS OF RATS 

No. Groups TC (mg/dl) TG (mg/dl) HDL-C (mg/dl) 

(I) Normal 3ml distilled water 234.5 ± 10.4 195.05 ± 11.80 30.76 ± 1.89 

(II) Positive control Indomethacin (IND)  

(5 mg/kg.b.w) 

370.32 ± 9.06
*
 265.75 ±15.33

*
 19.54 ±2.76

*
 

(III) Strawberry extract (150 mg/kg.b.w.) 225.49 ± 15.48
*
 210.49 ± 8.70

*
 28.60 ± 4.10

*
 

(IV) Strawberry extract (150 mg/kg.b.w.) + IND  

(5 mg/kg.b.w) 

287.50 ± 16.4
*
 216.42 ± 13.65

*
 25.66 ± 2.50

*
 

Indomethacin (IND) was given orally as a daily dose of 5 mg/kg.b.w. It was given to all groups except I. Strawberry extract was orally given 

daily for 7 days and the last dose was given 1 h before indomethacin administration. Blood samples were collected 24 h after indomethacin 

administration. Values are given as mean ± SD for groups of eight animals each.  * Significantly different from normal group at p< 0.05 

TABLE 2: LEVEL OF LIVER AND STOMACH TUMOR NECROSES FACTOR -α (TNF-α), NITRIC OXIDE (NO) AND 

THIOBARBATURIC ACID REACTIVE SUBSTANCES (TBARS) IN NORMAL AND EXPERIMENTAL GROUPS OF RATS 

No. Groups 

 

TNF-α (Pg/ g tissue) NO (Umol/ g tissue) TBARS nmol/ g tissue 

Liver Stomach Liver Stomach Liver Stomach 

(I) Normal 

3ml distilled water 

10.43 

± 0.25 

19.80 

± 1.64 

11.66 

± 1.68 

15.46 

± 0.97 

4.25 

± 0.75 

8.09 

± 0.54 

(II) Positive control 

Indomethacin (IND) 

(5 mg/kg.b.w) 

29.70 

±1.32
*
 

54.37 

±3.28
*
 

25.87 

±3.10
*
 

37.60 

±2.18
*
 

11.63 

±1.03
*
 

25.44 

±1.80
*
 

(III) Strawberry extract 

(150 mg/kg.b.w.) 

12.64 

± 1.08
*
 

25.40 

± 3.21
*
 

12.75 

± 1.89
*
 

17.50 

± 2.06
*
 

5.44 

± 0.55
*
 

11.65 

± 1.25
*
 

(IV) Strawberry extract 

(150 mg/kg.b.w.) + IND  

(5 mg/kg.b.w) 

15.43 

± 2.10
*
 

29.65 

± 3.40
*
 

14.26 

± 1.68
*
 

21.70 

± 1.82
*
 

7.20 

± 0.81
*
 

15.85 

± 2.06
*
 

Indomethacin (IND) was given orally as a daily dose of 5 mg/kg.b.w. It was given to all groups except the normal one. Strawberry extract was orally 

given daily for 3 weeks and the last dose of each was given 1 h before indomethacin administration. Organs were collected 24 h after indomethacin 

administration. Values are given as mean ± SD for groups of eight animals each.  * Significantly different from normal group at p< 0.01 

TABLE 3: LEVEL OF LIVER AND STOMACH REDUCED GLUTATHIONE (GSH) AND ACTIVITIES OF SUPEROXIDE 

DISMUTASE (SOD) AND CATALASE (CAT) IN NORMAL AND EXPERIMENTAL GROUPS OF RAT 

No. Groups 

 

GSH (mg/ g tissue) SOD (U/gm tissue) CAT (U/gm tissue) 

Liver Stomach Liver Stomach Liver Stomach 

(I) Normal 

3ml distilled water 

10.76 

± 1.26 

3.65 

± 0.78 

210.68 

± 8.97 

79.54 

± 5.48 

110.65 

± 8.60 

45.32 

± 2.76 

(II) Positive control 

Indomethacin (IND) 

(5 mg/kg.b.w) 

4.37 

± 0.65* 

1.27  

±0.18
*
 

176.09 

±10.50
*
 

36.98 

±3.11
*
 

45.48 

±3.75
*
 

15.40 

±1.27
*
 

(III) Strawberry extract 

(150 mg/kg.b.w.) 

8.65 

± 0.95* 

3.16 

± 0.42
*
 

205.08 

± 14.73
*
 

70.05 

± 3.99
*
 

105.32 

± 5.96
*
 

39.80 

± 2.25
*
 

(IV) Strawberry extract 

(150 mg/kg.b.w.) + IND  

(5 mg/kg.b.w) 

7.95 

± 0.43* 

2.98 

± 0.40
*
 

198.70 

± 17.75
*
 

62.38 

± 4.76
*
 

94.00 

± 7.33
*
 

35.09 

± 3.18
*
 

Indomethacin (IND) was given orally as a daily dose of 5 mg/kg.b.w. It was given to all groups except the normal one. Strawberry extract was orally 

given daily for 7 days and the last dose of each was given 1 h before indomethacin administration. Organs were collected 24 h after indomethacin 

administration. Values are given as mean ± SD for groups of eight animals each. * Significantly different from the normal group at p< 0.05 

Table 4 showed that oral administration of 

Indomethacin (5 mg/kg.b.w.) resulted in a 

significant increase in liver and stomach of 8-

hydroxy 2 deoxyguanosine (8-OHdG) and NF 

kappa B when compared to the normal control 

group (p< 0.05). Supplementation of strawberry 

extract at 150 mg/k.g.b.w.  resulted in a significant 

decrease in liver and stomach of 8-hydroxy 2 

deoxyguanosine (8-OHdG) and NF kappaB when 

compared to the group that received Indomethacin 

(p< 0.05). 
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TABLE 4: LEVEL OF LIVER AND STOMACH 8-HYDROXY 2 DEOXYGUANOSINE (8-OHdG) AND NF KappaB 

IN NORMAL AND EXPERIMENTAL GROUPS OF RATS 

No. Groups 8-OHdG (ng/ g tissue) NF kappaB (ng/gm tissue) 

 Liver  Stomach Liver Stomach 

(I) Normal 3ml distilled water 1.6 ± 0.15 2.1 ± 0.3 0.62 ± 0.7 0.35 ± 0.28 

(II) Positive control 

Indomethacin (IND) (5 mg/kg.b.w) 

4.5 ± 0.31* 6.1 ± 0.33
*
 6.4 ± 1.0

*
 5.8 ± 0.21

*
 

(III) Strawberry extract (150 mg/kg.b.w.) 3.6 ± 0.23* 5.45 ± 0.2
*
 5.1 ± 0.53

*
 4.9 ± 0.39

*
 

(IV) Strawberry extract 

(150 mg/kg.b.w.) + IND (5 mg/kg.b.w) 

4.1 ± 0.11* 5.1 ± 0.60
*
 5.9 ± 0.5

*
 5.1 ± 0.37

*
 

Indomethacin (IND) was given orally as a daily dose of 5 mg/kg.b.w. It was given to all groups except the normal one. Strawberry extract was orally 

given daily for 7 days and the last dose of each was given 1 h before indomethacin administration. Organs were collected 24 h after indomethacin 

administration. Values are given as mean ± SD for groups of eight animals each.  * Significantly different from normal group at p< 0.05 

Liver and stomach high mobility group box-1 

(HMGB1) in the indomethacin group were higher 

than those in the control group (P<0.01). Treatment 

with strawberry extract significantly decreased the 

expression levels of HMGB1 (P<0.05) as compared 

to indomethacin group (Charts 1-3). 

  

 

 

 

 
CHART 3: AN AGAROSE GEL ELECTROPHORESIS SHOWS PCR PRODUCTS OF LIVER AND STOMACH HIGH 

MOBILITY GROUP BOX-1 (HMGB1) AND GAPDH IN DIFFERENT TREATED GROUPS 

Histopathological Findings: Fig. 1: Microscopic 

pictures of H&E stained liver sections showing 

normally organized hepatic cords, central veins 

(CV) and portal areas (PA) (A) in the control 

negative group. In contrast, marked histo-

pathological changes including congestion of portal 

vein (red arrow), bile duct dilation (black arrow), 

portal expansion with fibrous tissue (yellow arrow) 

(B), congested blood vessels (red arrows), 

degenerated hepatocytes (yellow arrows) (C), 

congested blood vessels (red arrows), portal 

lymphocytic inflammation (black arrows) (D) are 

seen in indomethacin group II. Meanwhile, mild to 

very mild portal lymphocytic inflammation (black 

arrows) are seen in group III (E) and group IV (F), 

respectively. X: 100 bar 100. 

CHART 1: EFFECT OF STRAW BERRY ON LIVER HIGH 

MOBILITY GROUP BOX-1 (HMGB1) IN INDOMETHACIN 

INDUCED STOMACH ULCERATION IN RATS. 

REPRESENTATIVE BAR DIAGRAM OF THREE 

INDEPENDENT EXPERIMENTS ARE PRESENTED 

 

CHART 2: EFFECT OF STRAW BERRY ON STOMACH 

HIGH MOBILITY GROUP BOX-1 (HMGB1) IN 

INDOMETHACIN INDUCED STOMACH ULCERATION IN 

RATS. REPRESENTATIVE BAR DIAGRAM OF THREE 

INDEPENDENT EXPERIMENTS ARE PRESENTED 
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FIG. 1: MICROSCOPIC PICTURES OF RAT LIVER SECTIONS STAINED WITH H&E IN DIFFERENT STUDIED GROUPS 

 
FIG. 2: MICROSCOPIC PICTURES OF RAT LIVER SECTIONS STAINED WITH H&E IN DIFFERENT STUDIED GROUPS  

Fig. 3: Microscopic pictures of H&E stained 

sections from glandular stomach showing normal 

mucosa (M), submucosa (SM), and muscular coat 

(MC) in the control negative group. In contrast, 

marked histopathological changes including 

mucosal ulceration (thick black arrow), congestion 

(red arrow), submucosal edema (asterisk) with few 

leukocytic cells infiltration (thin black arrows) (B), 

nuclear pyknosis of glandular cells (yellow arrow) 

(C&D), focal lymphocytic aggregation in the 

mucosa (black arrow) (C&E) in indomethacin 

group II. Meanwhile, cystic gland (yellow arrow), 

mild congestion (red arrows), and submucosal 

edema (asterisk) are seen in group III (F). The 

glandular stomach retained its normal histological 

picture in group IV (G). X: 100 bar 100 except 

(D&E) X: 400 bar 50. 
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FIG. 3: MICROSCOPIC PICTURES OF H&E STAINED SECTIONS FROM GLANDULAR STOMACH SHOWING 

DIFFERENT STUDIED GROUPS 

 
FIG. 4: STATISTICAL ANALYSIS OF HISTOPATHOLOGICAL SCORES IN THE EXAMINED H&E STAINED 

LIVER SECTIONS FROM FOUR EXPERIMENTAL GROUPS USING KRUSKALIS-WALLIS TEST FOLLOWED 

BY DUNN'S METHOD SHOWS REDUCTION OF ALL LESION SCORES IN GROUPS III & IV AND 

SIGNIFICANTLY IN GROUP IV TREATED WITH STRAWBERRY. Small stars indicate significantly different means 

(when p<0.05). 
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FIG. 5: STATISTICAL ANALYSIS OF HISTOPATHOLOGICAL SCORES IN THE EXAMINED H&E STAINED GLANDULAR 

GASTRIC SECTIONS FROM FOUR EXPERIMENTAL GROUPS USING KRUSKALIS-WALLIS TEST FOLLOWED BY 

DUNN'S METHOD SHOWS REDUCTION OF ALL LESIONAL SCORES IN GROUPS III & IV AND SIGNIFICANTLY IN 

GROUP IV TREATED WITH STRAWBERRY. Small stars indicate significantly different means (when p<0.05). 

  
FIG. 6 (A & B): ELECTRON MICROGRAPHS FROM RAT LIVER IN CONTROL GROUP SHOW NORMAL APPEARANCE OF 

HEPATOCYTES (H) WITH PROMINENT NUCLEUS (N) AND INTACT NUCLEAR ENVELOP (NE). NOTE: NORMAL 

FEATURES MITOCHONDRIA (M), GOLGI BODIES (G) AND CISTERNAE OF ENDOPLASMIC RETICULUM 

  
FIG. 7 (C & D): ELECTRON MICROGRAPHS OF RAT LIVER IN GROUP II TREATED WITH INDOMETHACIN SHOW 

HEPATOCYTES WITH IRREGULAR NUCLEAR ENVELOPE GIVES THE NUCLEUS (N) ABNORMAL APPEARANCE (H). 

SOME CELLS SHOW DAMAGED NUCLEI WITH CONDENSED CHROMATIN MATERIAL (ARROWS). SWOLLEN 

MITOCHONDRIA (M) AND DILATED ENDOPLASMIC RETICULUM (ER) ARE NOTICED. MANY LYSOSOMES (L) AND 

VACUOLES (V) APPEAR IN THE CYTOPLASM OF HEPATOCYTES 
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FIG. 8 (E & F): ELECTRON MICROGRAPH IN GROUP II SHOW SINUSOIDAL SPACE CONTAINS RBCS AND MANY ACTIVE 

KUPFFER CELLS (K) WITH CYTOPLASMIC PROCESS (ARROWS), IRREGULAR SHAPE NUCLEUS AND MULTIPLE 

PHAGOCYTOSED MATERIALS. NATURAL KILLER CELLS (NK) AND LYSOSOMES (L) ARE ALSO OBSERVED 

  
FIG. 9 (G & H): ELECTRON MICROGRAPH OF RAT LIVER IN GROUP III. FIGURE A SHOW HEPATOCYTES (H) WITH 

NORMAL FEATURES OF MITOCHONDRIA (M). NUCLEUS EXHIBIT NORMAL STRUCTURE AND REGULAR NUCLEAR 

ENVELOPE (NE). CYTOPLASMIC VACUOLIZATION (V) ARE NOTICED. EOSINOPHILS (E) AND RBCS SPREADS IN 

SINUSOIDAL SPACE AS SEEN IN (B) 

  
FIG. 10 (I & J): ELECTRON MICROGRAPHS OF RAT LIVER IN GROUP IV SHOW NORMAL APPEARANCE OF HEPATIC TISSUE 

  
FIG. 11 (A&B): ELECTRON MICROGRAPH OF CONTROL GROUP (GROUP I) IN RAT STOMACH MUCOSA. THE 

SECTIONS SHOW NORMAL CELLULAR ARCHITECTURE, WITH INTACT CELL MEMBRANES (CM). PARTIAL CELL (P) 

EXHIBITS A HEALTHY NUCLEUS (N) WITH REGULAR SHAPE NUCLEAR ENVELOPE (NE), WELL-DEFINED NUCLEOLI 

(NU) AND CHROMATIN IS FINELY DISTRIBUTED. MITOCHONDRIA (M) APPEARS IN LARGE NUMBERS WITH INTACT 

CRISTAE. THE INTRACELLULAR CANAL (C) LINED WITH CHARACTERISTIC MICROVILLI (MV) AND MUCIN 

GRANULES MG NEAR LUMEN 
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FIG. 12 (C&D): ELECTRON MICROGRAPHS OF RAT STOMACH FUNDIC MUCOSA TREATED WITH INDOMETHACIN 

(GROUP II) SHOWS DISRUPTION OF CELL ARCHITECTURE AND  DISSOCIATION OF CELL MEMBRANES IN CHIEF 

CELL, PYKNOTIC NUCLEUS (N) WITH CONDENSED CHROMATIN (*), AND VACUOLATED CYTOPLASM(V) AND 

DEGENERATED ZYGOMATIC GRANULES (Z) WHILE ADJACENT CELL SHOW TOTALLY DEGENERATED NUCLEUS 

(N*) AND DISCONTINUOUS CELL MEMBRANE (DM). NOTICE THE ENLARGEMENT OF MITOCHONDRIA AND 

DISAPPEARANCE OF CRISTAE AND CELL MEMBRANE DEGENERATION (ARROW). D: PARIETAL CELL SHOWS 

IRREGULAR NUCLEAR ENVELOP, DEGENERATED MITOCHONDRIA 

  
FIG. 13 (E & F): ELECTRON MICROGRAPHS IN GROUP III RAT STOMACH MUCOSA. E: SHOW INTACT PARIETAL 

CELL WITH NORMAL NUCLEUS WHILE VACUOLES APPEAR IN CYTOPLASM. NUMEROUS MITOCHONDRIA ARE 

NOTICED. F: MUCOUS GRANULES (MG) ARE FOUND IN THE ADJACENT MUCOUS CELL (MC) 

  
FIG. 14 (G & H): SHOW TWO ADJACENT PARIETAL CELL AND MUCOUS SECRETING CELL RESPECTIVELY IN GROUP 

IV. ALL CELLS SHOW NORMAL APPEARANCE 

DISCUSSION: The oxidative stress of 

Indomethacin in the animal has been reported via 

free radicals generation and depletion of 

antioxidant 
1
. Such event consequently results in 

overwhelmed antioxidant defense system in 

experimental animal model 
1, 43

.  

An imbalance between free radicals production and 

antioxidant defense system results in oxidative 

stress, which further deregulates cellular functions 

leading to pathological conditions 
44, 45

. In the 

present study, the reduced activity of antioxidant 

enzymes in indomethacin-treated rats is a clear 

manifestation of excessive formation of free 

radicals resulting in hepatic and mucosa epithelia 

damage. 

Clinical observations have shown that long-term 

treatment with NSAIDs correlates with the onset or 

aggravation of congestive liver toxicity failure 
45

. 

The first source of protection of the body against 

free radicals and other oxidants are antioxidants, 

which help cells to neutralize the excess formation 

of radical species 
46

. 



Hassan et al., IJPSR, 2021; Vol. 12(6): 3120-3133.                                       E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              3130 

The current study revealed that indomethacin (5 

mg/kg.b.w.) induced liver toxicity and stomach 

injury as indicated by elevations in plasma liver 

and stomach damage markers. Lipid peroxidation 

may also damage membranes in other cells, altering 

important elements of control for blood pressure 

and liver rate. Given that increased cholesterol and 

triglycerides as well as decreased HDL cholesterol 

(HDL-C). Both Britton et al., 
47

 and Brunet et al., 
48

 

found the same results. 

In line with other NSAIDs, a study done by Melvin 

and Edwards (1999) demonstrated that injection of 

rats with Indomethacin caused hyperlipidemia 

which was represented by a marked increase in 

serum lipid profiles including TG and TCh with a 

concomitant decreased in HDL-C in relation to 

control ones 
49

.  

The antioxidant effect is a well-established function 

of strawberry or flavonoids found in it 
50

. In 

addition, strawberry procyanidins have been found 

to scavenge reactive carbonyls by the formation of 

adducts 
51

, and the current study demonstrated 

elevation of tumor necroses factor -α (TNF-α), 

nitric oxide (NO), thiobarbituric acid reactive 

substances (TBARS), 8-hydroxy 2 deoxyguanosine 

(8-OHdG), NF kappaB and High mobility group 

box 1 (HMGB1) in Indomethacin treated animals. 

The anti-inflammatory properties of strawberries 

are in fact, due to their proanthocyanidin content, 

which has a protective effect on the liver and 

mucosal surface lesions induced by indomethacin 
52

 

and elevation of food intake and absorption.  

The significant increase in the level of liver and 

stomach TNF-α, NO, TBARS, 8-OHdG), NF 

kappaB, and HMGB1 in indomethacin-treated 

groups indicates ongoing peroxidative stress and 

compromised antioxidant defense mechanisms 
53

.  

The mechanism of indomethacin-induced 

mitochondrial injury seems to involve the 

generation of ROS, causing oxidative stress to 

hepatocytes as proposed by Sokol et al., 
54

 and 

number of structurally related NSAIDs do produce 

oxidative stress, and the underlying mechanisms 

have been suggested to be based on peroxidase-

catalyzed production of NSAID radicals, which in 

turn can oxidize GSH and NAD(P)H. NSAID 

radicals can undergo redox cycling. 

In other systems, gastric mucosa lesions are 

elevated by extracellular TNF-α, and NO 
55

, in 

particular, has been shown to cause acute cell death 

in a variety of in-vitro and in-vivo conditions 
56

. 

The finding that Diclofenac sodium administration 

results in a rapid increase in TNF-α and NO plasma 

levels 
57

 and that inhibition of TNF-α synthesis and 

release protects from NSAID-induced gastropathy 
58

 suggests that this cytokine plays a major role in 

mediating gastric mucosal injury in NSAID-treated 

rats. However, because NSAIDs stimulate TNF-α 

and NO release (present results), their site of action 

must be located downstream of this cytokine. 

Hussein, 
59

 has reported that the concentration of 

lipid peroxides increases in the tissues of 

indomethacin-treated rats. In the present study, 

TBARS levels in the liver and stomach were 

significantly lower in thestrawberry–treated groups 

compared to the indomethacin-treated control 

group. The present results were confirmed with 

Boshra and Hussein 
60

.  

The current study showed that Indomethacin 

induced oxidative stress in liver and stomach 

tissues of rats as evidenced by a significant 

reduction in the activities of reduced glutathione 

(GSH) metabolizing enzymes, SOD as well as CAT 

in cardiac tissues of indomethacin intoxicated rats 

versus normal healthy ones.  

This effect may consider one of the indomethacin 

mechanisms induced liver toxicity. GR is the key 

enzyme in the conversion of oxidized glutathione 

(GSSG) back to the reduced form (GSH).  

GSH, a non-enzymatic antioxidant, has an 

important role in scavenging the electrophilic 

moieties produced by toxic chemicals and 

conjugate them to fewer toxic products. CAT is an 

antioxidant enzyme widely distributed in all animal 

tissues. It decomposes hydrogen peroxide and 

protects the tissue from highly reactive hydroxyl 

radicals 
61

. Thus, the less amount of GSH 

production due to inhibition of its metabolizing 

enzymes together with a reduction of CAT activity 

in cardiac of diclofenac intoxicated rats may reduce 

the capacity of the tissue to protect itself from the 

diclofenac induced oxidative tissue damage. Our 

result is supported by some authors who stated the 

reduction in the levels of hepatic and renal 
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enzymatic and non-enzymatic antioxidants of 

animals injected with indomethacin 
62

. 

The present study described the normal structure of 

liver and gastric mucosa in rats and the effect of 

Indomethacin under light and electron microscope. 

Also, this study investigated the protective role of 

strawberry extract. The indomethacin-induced 

cellular and nuclear damage in both liver and 

gastric tissue as described in our results.  

The impact of indomethacin injection on liver 

tissue includes cytoplasmic degeneration and 

vacuolation in addition to lymphocytic 

inflammation. Inflammatory and apoptotic changes 

were also noticed in different hepatic cells.      

The Indomethacin induced ulceration in the gastric 

mucosa, which becomes eroded, and subsequently, 

the muscularis mucosae became exposed to gastric 

secretion. These findings are confirming the 

previously mentioned results in the current work 

and in aligned with the results of Barnett et al., 
63,

 

who observed massive necrosis, epithelial 

sloughing, and superficial ulcers after indomethacin 

administration. Wallace 
64

, reported that non-

steroidal anti-inflammatory drugs (NSAIDs) induce 

stomach ulcers and bleeding by impairing the 

restitution process and inactivating several growth 

factors that are important in the mucosal defense 

and repair. 

The previous studies suggested that one of the 

important mechanisms by which indomethacin 

damage gastric mucosa is the increased production 

of reactive oxygen species (ROS), which has a 

critical role in the gastric ulceration process. Lipid 

peroxidation resulted from indomethacin damages 

membrane proteins. The damage to membrane 

proteins decreases the membrane’s permeability, 

the activities of enzymes and receptors, and the 

activation of inflammatory cells 
65, 66

. 

Administration of both Indomethacin and 

strawberry extract induces less damage and 

inflammatory reactions in hepatic and gastric 

mucosal tissue, as revealed in both light and TEM 

examination. This finding also confirms the 

decrease in Level of liver and stomach tumor 

necroses factor -α (TNF-α), nitric oxide (NO) and 

thiobarbituric acid reactive substances (TBARS) as 

well as Level of liver and stomach 8-hydroxy 2 

deoxyguanosine (8-OHdG) and  NF kappaB in the 

group of rat received strawberry extract with 

Indomethacin. 

CONCLUSION: From the obtained results, it 

could be concluded that strawberry extract was 

effective in protection against liver toxicity induced 

by Indomethacin in rats. Strawberry extract 

received the highest oxygen radical absorbing 

capacity (ORAC) value and exhibited superior 

antioxidant properties, and it was able to ameliorate 

plasma oxidative stress biomarkers as well as an 

enzymatic and non-enzymatic antioxidant defense 

system in liver and stomach tissues.  
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