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Abstract: 

Objective: This study aims at investigating the role of each of Silymarin and Vitamin C in 

preventing gastric Ulcer induced by indomethacin in comparable with omeprazole.  

Method:  

A study was conducted on 40 adult male albino rats. The rats were divided into two groups: a 

control group, which received distilled water orally, and an experimental group, which received 

indomethacin intraperitoneally for two consecutive days to induce stomach ulcers. After inducing 

the gastric ulcer, the rats were divided into three groups: Silymarin, Vitamin C, and Omeprazole. 

Blood samples were collected for biochemical evaluation, and the rats were euthanized by cervical 

dislocation three hours after the duodenum was ligated. The gastric juice was examined for volume, 

titratable acidity, and total acid output. Histological examination of the stomach was performed after 

the opening was checked for ulcers.  

Results:  

The study compared three groups before and after treatment with indomethacin injection, followed 

by treatment with Silymarin and vitamin C. The results showed that Silymarin and vitamin C 

achieved the best results, followed by omeprazole. The average ulcer area, number of ulcers, and 

stomach size varied among the groups. After treatment, the ulcer area decreased by 63% in the first 

group treated with Silymarin, while the number of ulcers decreased by 27% in the second group 

treated with Vitamin C. The size of the stomach increased by 27.5% in the first group, 17% in the 

second group, and 67% in the third group. 
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Conclusion: This study illustrates the efficiency of Silymarin and Vitamin C in alleviating 

indomethacin-induced stomach ulcers in albino rats, both showing significant effectiveness relative 

to omeprazole.  Silymarin exhibited a marked reduction in ulcer area, whereas Vitamin C indicated 

a notable decrease in ulcer quantity.  Silymarin and Vitamin C produced a lesser increase in stomach 

size than omeprazole, indicating a potentially superior management of gastric distension. 

 

Keywords: Silymarin, vitamin C indomethacin-induced stomach ulcers, male albino rats, Gastric 

ulcers. 

 

Introduction:  

Gastric ulcer (peptic ulcer, stomach ulcer) is a type of ulcer that forms on the lining of the stomach, 

resulting in excavation of the gastric mucosa [1]. This excavation occurs due to an imbalance 

between protective factors and aggressive factors in the gastric environment, resulting in 

degradation of the mucosa [2]. Protective factors include mucus secretion, bicarbonate, 

prostaglandins, growth factors, mucosal blood flow, and epithelium regeneration; while aggressive 

factors include hydrochloric acid, pepsin, non-steroidal anti-inflammatory drugs (NSAIDs), 

cigarette smoke, alcohol consumption, and stress [3]. NSAIDs inhibit the synthesis of 

prostaglandins, which are protective in the stomach, resulting in ulcer formation. The most 

frequently consumed NSAID that induces gastric ulcer is indomethacin [4, 5]. Current treatment 

options for gastric ulcers include: (1) reduce stomach acid, which can be achieved by either proton 

pump inhibitors (PPIs) or H2 receptor antagonists; (2) antibiotics for ulcer caused by Helicobacter 

pylori; (3) protect the lining of the stomach; (4) repairing the mucosal injury of stomach; and (5) 

lifestyle changes, such as diet modification and avoiding smoking and drinking alcohol [6]. Of these 

options, PPIs are the first line choice due to their efficacy. However, there are concerns regarding 

the adverse effects of long-term PPI therapy, including rebound acid hypersecretion, increased risk 

of enteric infections, pneumonia, and osteoporosis [7, 8]. Therefore, there is a growing interest in 

natural compounds that could be used to treat gastric ulcers. Silymarin is a natural compound with 

multiple bioactivities including hepatoprotective, nephroprotective, antioxidant, anti-inflammatory, 

and digestive system protection effects [9]. Silymarin has been reported to protect against gastric 

ulcer. Vitamin C is a water-soluble vitamin with antioxidant properties [10]. It is a cofactor for 

prolyl hydroxylase and lysyl hydroxylase enzymes that stabilize collagen by catalyzing 

hydroxylation of proline and lysine residues during collagen synthesis. Sufficient collagen synthesis 

is essential for mucosal healing [11]. The mucosa of the stomach is rich in collagen. Vitamin C 

deficiency leads to scurvy, a disease associated with impaired collagen synthesis, causing weakened 

connective tissue and resulting in gastric ulcer [12]. Interestingly, Vitamin C is also depleted in 

gastric ulcer [13]. Therefore, Vitamin C has the potential to be developed as a candidate for gastric 

ulcer treatment as it could help in collagen stabilization and mucosal healing [14]. 

This study aims at investigating the role of each of Silymarin and Vitamin C in preventing 

gastric Ulcer induced by indomethacin in comparable with omeprazole.  

 

Method 

1. Experimental animals: 

A total of 40 adult male albino rats each of them weighed (150-180g) were obtained from the 

“National Organization for Drug Control and Research” farm at Giza, Egypt. The Rats were kept 

under the common laboratory conditions including the suitable temperature and humidity according 

to the ethics and guiding of animal experiments approved by the university.   

2. Study protocol  

The animals were deprived of food for forty-eight hours before to the start of the trials in order to 

ensure that their stomachs were completely empty according to Cho and Ogle [15]. They were 

allowed to drink as much water as they wanted as in the study of Ogletree ML [16]. Rats were 
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maintained in separate cages with a wide elevated mesh bottom during fasting to prevent 

coprophagy [17]. 

The 40 rats were divided into two main groups: 

1. Control group: include 10 wester male albino rats which received distilled water orally. 

2. Experimental group: Include 30 male albino rats of Western origin, all administered 

indomethacin intraperitoneally at a dosage of 20 mg/kg once daily for two consecutive days to 

induce stomach ulcers, followed by distilled water for a duration of 15 days  [18]. Indomethacin 

powder was provided in 50 mg vials.  It was dissolved in 10 ml of distilled water to achieve a 

concentration of 5 mg/ml and then injected intraperitoneally.   

3. After inducing the gastric ulcer those rats were divided into 3 groups as follow:  

- Group (1):  10 rats orally received Silymarin at a dose of 50 mg/kg once a day for 15 days [19]. 

Silymarin obtained as powder and was dissolved in distilled water to be delivered straight into the 

stomach using an oral gavage needle. 

- Group (2): 10 rats orally received Vitamin C at a dose of 200 mg/kg once a day for 15 days [20]. 

Vitamin C was obtained as powder and dissolved in distilled water and delivered straight into the 

stomach using an oral gavage needle.  

- Group (3): 10 rats orally received Omeprazole at a dose of 3.6 mg/kg orally once a day for 15 

days [21]. Omeprazole was dissolved as powder in distilled water and delivered directly into the 

stomach using an oral gavage needle. 

 

3. Collecting blood samples for biochemical evaluation:  

At the end of the treatment period for rats in control and experimental groups blood samples were 

obtained while the rats still alive in order to determine the following parameters for oxidants and 

antioxidants:  

- Glutathione (GSH)  

- Malondialdehyde (MDA) activity 

- Antioxidant enzymes: These include superoxide dismutase (SOD), catalase, and CAT (µmol/mg 

protein/min) 

- pH of gastric acid 

- The levels of inflammatory cytokines include TNF-α and IL-6 to evaluate inflammation.  

 

4. Collection of gastric acid  

Rats underwent pyloric ligation while under light ether anesthesia.  The abdominal skin was 

excised, and a midline incision was performed, revealing the duodenum and elevating the 

pyloroduodenal junction.  A silk suture was employed to prevent injury to blood vessels or gastric 

traction.  The incision was sutured, sanitized, desiccated, and dressed with a colloidal solution.  

Anesthesia was terminated, and the rats were allowed to recuperate for 10 minutes. 

 

5. Sacrifice of animals 

The rats from were euthanized by cervical dislocation three hours after the duodenum has been 

ligated. The stomachs are exposed by making incisions in the abdominal cavities, and gastric 

secretions are then collected from them.  

 

6. Histopathological examination:  

After the opening stomach was checked for ulcers, pieces of the stomach that measured 1 by ½ cm 

were taken off and preserved in a 10% formalin solution. Paraffin slices were made and stained with 

hematoxylin, eosin for histological investigation.  

 

7. Statistical analysis  

Data obtained by measuring different parameters in this study were tabulated and organized to be 

analyzed using SPSS statistical package for assessing the results of the study. 
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8. Ethical consideration  

The study was conducted according to the ethical approval obtained from ………… and according 

to the ethics and guiding of the ethics committee regulating the research including animals. 

 

Results  

Table (1) shows that the study compared three groups before and after treatment with indomethacin 

injection, and between the control group. Silymarin (100 mg/kg) was found to be the most effective 

treatment, followed by Vitamin C (300 mg/kg) and Omeprazole (4 mg/kg). Before treatment, the 

average ulcer area was 18.7 mm2, with a standard deviation of 2.8. The number of ulcers varied 

among the groups, with the first group having an average of 1.8, the second group having an 

average of 1.8, and the third group having an average of 1.9. The stomach size varied between the 

groups, with the first group having an average of 2.84 ml, the second group having an average of 

2.61 ml, and the third group having an average of 2.8 ml. After treatment, the average area of the 

ulcer increased to 3.57 mm2, the second group having an average of 6.68 mm2, and the third group 

having an average of 9.72 mm2. 

The number of ulcers also varied among the groups, with the first group having an average of 1.1 

and the second group having an average of 1.4. The stomach size varied between the groups, with 

the first group having an average of 4.2 ml and the second group having an average of 3.58 ml. The 

results were statistically significant, with all values less than 5% and a large coefficient of variation, 

indicating that the results can be analyzed comfortably. 

 

Table 1: Comparison between the three studied groups according to Ulcer size (mm²), Number 

of ulcers and Stomach size ml. 

  

 Clinical variables 

group 

3(Omepraz

ole: 4 

mg/kg) 

group 

2(Vitamin C: 

300 mg/kg) 

group 

1(Silymarin:

100 mg/kg) 

Control F 

U
lc

er
 s

iz
e
 (

m
m

²)
 

Pre          

Min. – Max. 15.0-25.0 15.0-25.0 15.0-25.0 0.0-0.0 

15 Mean ± SD. 18.64± 3.8 17.92± 3.04 18.7± 2.8 0.0± 0.0 

Median (IQR) 17(7.50 16.75(2.7) 20.4(3.3) 0 (0) 

Post           

Min. – Max. 8.0-12.0 5.0 – 10.0 3.0– 5.0 0-0 

0.79 Mean ± SD. 9.72. ± 1.4 6.68. ±1.55 3.57± 0.6 0.0± 0.0 

Median (IQR) 10(2.8) 6.45(2.27) 3.1(0.7) 0 (0) 

N
u

m
b
e
r 

o
f 

u
lc

er
s 

Pre           

Min. – Max. 1 .0– 3.0 1 .0– 3.0 1 .0– 3.0 0.0-0.0 

18.7 Mean ± SD. 1.9± 0.8 1.8± 0.7 1.8 ± 0.6 0.0± 0.0 

Median (IQR) 2(1.75) 2(1) 1(1) 0 (0) 

Post           

Min. – Max. 1 .0–2.0 1 .0–2.0 1 .0–2.0 0.0-0.0 
1.2 

Mean ± SD. 1.4 ± 0.48 1.3± 0.8 1.1 ± 0.3 0.0± 0.0 
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Median (IQR) 1(1) 1(0) 1(0) 0 (0) 
S

to
m

a
ch

 s
iz

e 
m

L
 

Pre           

Min. – Max. 2.0 –4.0 2.0 –4.0 2.0 –4.0 3.0 – 5.0 

15 Mean ± SD. 2.8± 0.6 2.61±0.5 2.84± 0.7 4.19 %± 0.6 

Median (IQR) 2.7 (0.8) 2.55 (0.2) 3.15(0.82) 4.25 (0.45) 

Post           

Min. – Max. 2.0 – 4.0 3.0 – 4.0 3.0 – 4.0 3.0 – 5.0 

0.79 Mean ± SD. 2.3 ± 0.3 3.58±0.28 4.2 ± 0.29 4.19 %± 0.6 

Median (IQR) 2.15 (0.75) 3.5 (0.25) 4.3(0.35) 4.25 (0.45) 

IQR: Inter quartile range SD: standard deviation F: F for One way ANOVA test, p: p 

value for comparing between the three studied groups, *: Statistically significant at p ≤ 0.05 

 

The results showed a comparison between the three groups before and after treatment. It is clear 

from the comparison that the treatment Silymarin achieved the best results, followed by treatment 

with vitamin c, then followed by treatment with Omeprazole, especially with regard to the area of 

the ulcer that occurred, the number of ulcers, and the size of the stomach of the experimental rat. 

The first group that was treated with Silymarin, the ulcer area decreased with an improvement rate 

of 79%, while the ulcer area decreased in the second group. who received treatment with Vitamin C 

63%, and group 3 with 51% while the ulcers shrank in the third group, which was treated with 

Omeprazole, the area of the ulcers decreased. As for the number of ulcers, it decreased in the first 

group by a rate of 27.5%, while in the second group, the number of ulcers decreased by a rate of 

27% in group 2and group 3. As for the size of the stomach, it increased by 67% in the first group, 

increased by 27% in the second group, and increased by 17% in the third group. 

 

Table 2: Comparison between the three studied groups according to Glutathione level 

(µmol/g), Malondialdehyde (MDA) level (nmol/g), and Gastric acidity (pH) 

  

  

Biochemical variables: 

  

group 

1(Silymarin:100 

mg/kg) 

group 

2(Vitamin C: 

300 mg/kg) 

group 

3(Omeprazole

: 4 mg/kg) 

Control 

F p 
(n = 10) (n = 10) (n = 10) (n = 10) 

        

G
lu

ta
th

io
n

e 
le

ve
l 

(µ
m

o
l/

g
) 

Pre             

Min. – Max. 3.0-5.0 3.0-5.0 3.0-5.0 8.0-10.0 

13.4 0.002 Mean ± SD. 4.39± 0.55 3.79± 0.73 4.31± 0.63 9.24±0.65 

Median (IQR) 4.55(0.4) 3.65(1.05) 4.55(0.7) 9.3 (0.7) 

Post             

Min. – Max. 6.0-8.0 5.0-7.0 7.0-9.0 8.0-10.0 

0.8 0.031 Mean ± SD. 6.98. ±0.71 6.29. ±0.71 8.03± 0.9 9.24±0.65 

Median (IQR) 7.05(1.25) 6.45(0.9) 8(1.7) 9.3 (0.7) 

M
a

lo
n

d
ia

ld
eh

y

d
e 

(M
D

A
) 

le
ve

l 

(n
m

o
l/

g
) 

Pre             

Min. – Max. 4 .0– 5.0 4 .0– 5.0 4 .0– 5.0 0.5-1.0 

16.7 0.002 Mean ± SD. 4.4 ± 0.6 4.47± 0.3 4.36± 0.32 0.81± 0.15 

Median (IQR) 4.65(0.12) 4.5(0.32) 4.3(0.4) 0.8(0.12) 

Post             
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Min. – Max. 7.0–9.0 5.0–7.0 6.0–8.0 0.5-1.0 

0.89 0.02 Mean ± SD. 8.03 ± 0.9 6.89± 0.71 6.28± 0.71 0.81± 0.15 

Median (IQR) 8(1.70) 7.05(1.25) 6.45(0.9) 0.8(0.12) 

G
a

st
ri

c 
a

ci
d

it
y 

(p
H

) 

Pre             

Min. – Max. 2.0 –4.0 2.0 –4.0 2.0 –4.0 4.0 – 5.0.0 

9.8 0.003 Mean ± SD. 2.84± 0.7 2.45±0.35 2.8± 0.6 4.5 %± 0.72 

Median (IQR) 3.15(0.82) 2.5 (0.0.37) 2.7 (0.8) 4.5(0.62) 

Post             

Min. – Max. 4.0 – 4.5 3.5 – 4.5 3.0 – 4.0 4.0 – 5.0 

0.17 0.033 Mean ± SD. 4.25 ± 0.5 4±0.38 3.55 ± 0.41 4.81 %± 0.3 

Median (IQR) 4.25(0.25) 4(0.75) 3.5 (0.87) 4.8(0.75) 

 

IQR: Inter quartile range SD: Standard deviation     F: F for One way ANOVA test, p: p value 

for comparing between the three studied groups, *: Statistically significant at p ≤ 0.05 

Table 2 compares the results of three groups before and after treatment with a control group. The 

first group treated with Silymarin (100 mg/kg) showed better biochemical variables (Glutathione 

level, Gastric acidity (pH), and Malondialdehyde (MDA) level) compared to the third group treated 

with Omeprazole (4 mg/kg) and the second group treated with Vitamin C (300 mg/kg). Before 

treatment, the first group had an average of 4.39 µmol/g and a standard deviation of 0.55, while the 

second group had an average of 3.79 µmol/g and a standard deviation of 0.73.  

 

The second group had an average of 4.31 µmol/g and a standard deviation of 0.63. In terms of MDA 

loss, the first group had an average of 4.47 µmol/g and a standard deviation of 0.3, while the second 

group had an average of 4.36 nmol/g and a standard deviation of 0.32. After treatment, the first 

group had an average of 6.98 µmol/g and a standard deviation of 0.71, while the second group had 

an average of 6.29 µmol/g and a standard deviation of 0.71. The third group had an average of 8.03 

µmol/g and a standard deviation of 0.9.  

 

The results are highly significant, with all values being less than 5% and a large coefficient of 

variation, indicating that the results are statistically significant and can be analyzed comfortably. 

 

The results showed a comparison between the three groups before and after treatment. It is clear 

from the comparison that treatment with omeprazole achieved the best results Olney in Glutathione 

level (µmol/g), followed by treatment with silymarin, with regard to pH, then treatment with 

vitamin C, where the rate of change in pH for the first group was 33%, for the second group 22%, 

and for the third group, the rate of change was 21% Glutathione level (µmol/g):  

 

The rate of change in the first group was 37%, while in the second group it was 39%, and in the 

third group the rate of change was 46%. As for Malondialdehyde (MDA) level (nmol/g), the rate of 

change for the first group was 40%, for the second group the rate of change was 30%, and for the 

third group the rate of change was 35% . 
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Table 3: Comparison between the three studied groups according to Inflammatory cytokines 

(TNF-α), SOD ((unit/mg protein), and CAT (µmol/mg protein/min): 

Biochemical variables: group 1 

(Silymarin: 100 

mg/kg) (N=10) 

group 2 

(Vitamin C: 300 

mg/kg) (N=10) 

group 3 

(Omeprazole: 4 

mg/kg) (N=10) 

Control (N=10) F p 

In
fl

a
m

m
a

to
ry

 
cy

to
k

in
es

 

(T
N

F
-α

) 

Pre             

Min.– Max. 169.0-176.0 170.0-177.0 170.0-175.0 34.0-42.0 

13.4 0.0021 
Mean ± SD. 172± 2.5 172.9± 1.8 172± 2.3 37.8± 2.7 

Median (IQR) 171(2.25) 173(3.5) 3.65(1.05) 38 (3.75) 

Post             

Min.– Max. 70.0-75.0 100.0-150.0 120.0-170.0 34.0-42.0 

0.8 0.031 Mean ± SD. 72.09± 9 139.2 ±17.2 158. ±14.04 37.8± 2.7 

Median (IQR) 71.5(2.25) 145.5(17.75) 164.5(10.5) 38 (3.75) 

S
O

D
((

u
n

it
/m

g
 p

ro
te

in
):

 

Pre             

Min.– Max. 90.0– 95.0 90.0– 95.0 90.0– 95.0 160.0-175.0 

16.7 0.002 Mean ± SD. 93.9± 2.1 93.5± 1.9 93.3± 1.5 167.6± 4.6 

Median (IQR) 94.5(4) 94(3.25) 93.5(3) 168(3.75) 

Post             

Min. – Max. 130.0–170.0 120.0–160.0 100.0–140.0 160.0-175.0 

0.89 0.02 Mean ± SD. 151 ± 10.8 147.2±12.7 129±9.6 167.6± 4.6 

Median (IQR) 150.5(13) 151(14) 129.5(15.5) 168(3.75) 

C
A

T
 

(µ
m

o
l/

m
g

 

p
ro

te
in

/m
in

):
 

Pre             

Min. – Max. 90.0 –95.0 90.0 –95.0 90.0 –95.0 205.0– 226.0.0 

9.8 0.003 Mean ± SD. 93.8±2.1 93.5±2.3 93± 2 217.2%± 6.8 

Median (IQR) 94.5(4) 2.5 (0.0.37) 94 (3) 218.5(4.5) 

Post             

Min. – Max. 180.0 – 240 160.0–220 140.0 – 200.0 205.0– 226.0.0 

0.17 0.033 Mean ± SD. 217.3± 15.5 206.03±16.3 183.7 ± 18.2 217.2%± 6.8 

Median (IQR) 215.5(11.5) 209.5(7.25) 194 (23) 218.5(4.5) 

 IQR: Inter quartile range SD: Standard deviation F: F for One way ANOVA test, p: p 

value for comparing between the three studied groups, *: Statistically significant at p ≤ 0.05 

 

Table 3 compares the biochemical variables of three groups before and after treatment with 

silymarin (100 mg/kg) and vitamin C (300 mg/kg). The first group showed superior improvement 

results in inflammatory cytokines (TNF-α), SOD (unit/mg protein), and CAT (µmol/mg 

protein/min). The average levels of TNF-α in the first group were 172.0 pg/mL, 139.2 pg/mL, and 

158 pg/mL, respectively. The average levels of SOD (unit/mg protein) were 151 (unit/mg protein), 

147.2 (unit/mg protein), and 129 (unit/mg protein). The average CAT (µmol/mg protein/min) was 

217.3 (unit/mg protein/min), 206.3 (unit/mg protein/min), and 183.7 (µmol/mg protein/min). The 

results are highly significant, with all values less than 5% and a large coefficient of variation, 

indicating that the results are statistically significant and can be analyzed comfortably. The table 

also shows that the first group treated with silymarin had the highest improvement results. 

 

Histopathological evaluation The gastric mucosa in adult male albino rats exhibited a velvety 

texture characterized by many longitudinal folds and gastric pits. Figure 3 (A). Indomethacin 

administration had an effect on gastric mucosa which exhibited visible characteristics such as many 

ulcers, deep ulcers that reach the submucosal layer, a complete loss of the surface mucus layer, 

considerable submucosal edema, congestion of the gastric mucosa, and dilated fundic glands in the 

stomach. Figure 3 (B).  
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Figure 1: (A): Visual assessment of gastrointestinal mucosa in control vehicle rats. (B): Visual 

assessment of the impact of 20 mg/kg indomethacin administered intraperitoneally on gastric 

mucosa showing ulcerations, reddened appearance of gastric mucosa. (C): Visual assessment 

of the impact of 50 mg/kg silymarin treatment on indomethacin-induced stomach ulcers 

showing reduction in ulceration, diminished redness or indications of inflammation, implying 

a preventive effect against injury. (D): Visual assessment of the impact of 200 mg/kg vitamin C 

administration on indomethacin-induced stomach ulcers in male albino rats showing 

diminished reddening and decreased ulcer size. (E): Visual assessment of the impact of 

omeprazole treatment (3.6 mg/kg) on indomethacin-induced stomach ulcers in male albino 

rats showing improvement in the ulceration area and less reddening (H&E, X=200). 

 

Oral administration of silymarin effectively prevented indomethacin-induced stomach ulcers. 

Silymarin reduced stomach lesions in a dose-dependent manner and prevented ulcer formation in 

experimentally created peptic ulcers. It also served a preventive function against indomethacin-

induced stomach ulcers. Figure 3 (C).  The study examined the impact of vitamin C administration 

on indomethacin-induced stomach ulcers in male albino rats found that it significantly reduced 
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ulceration and enhanced healing of the gastric mucosa. Figure 3 (D). Administration of omeprazole 

showed enhanced healing of the ulcers and reduction in the number and size of ulcers induced by 

Indomethacin Figure 3 (E).   

Figure 2: (A): Microscopic appearance of rat stomach mucosa of a control marked by submucosa, 

intact epithelial surface, and muscularis layers. Most rats showed normal squamous gastric epithelial 

form, which is the characteristic of this layer. Little pits arranged methodically by columnar mucous 

cells, mucous neck cells, and a few parietal cells line the gastric glands. The stomach mucosa 

microvasculature shows a large lumen, smooth and uniform vessel walls, and no evidence of 

endothelial cell edema or protrusion. 

Figure 4 (B): Microscopic appearance of rat stomach mucosa affected by Indomethacin 20 mg/kg 

for inducing Ulcer formation. Indomethacin at a 20 mg/kg dosage causes some distinct alterations in 

the rat stomach mucosa. These comprise stomach gland dilatation, erosions and ulcers suggesting 

injury to the epithelial layer, and cellular exfoliation (Orange arrow). Though erosions, the typical 

gastric gland architecture is sometimes intact with minor dilatation. The clear indication of ulcer 

development is a rupture of the muscularis mucosa. 

 
Figure 3: (A): Microscopic appearance of rat stomach mucosa of a control vehicle. (B): 

Microscopic appearance of rat stomach mucosa affected by Indomethacin 20 mg/kg for 

showing Ulcer formation. (C): Rat stomach mucosa subjected to 50 mg/kg silymarin after 

A B 

D 
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Indomethacin 20 mg/kg showing less ulcerative damage induced by indomethacin. (D): Rat 

stomach mucosa subjected to 200 mg/kg vit C after Indomethacin 20 mg/kg showing smaller 

and less severe erosions and ulcers. (E): Rat stomach mucosa subjected to (3.6mg/kg) 

Omeprazole after Indomethacin 20 mg/kg (H&E, X=200) showing reduction in the 

inflammatory cell infiltration. reduces. 

 

Figure 4  (C): showed that 50 mg/kg silymarin considerably lessens ulcerative damage induced by 

indomethacin. It also has anti-inflammatory action since the submucosa's inflammatory cell 

infiltration reduces. It also maintains mucosal integrity since less disturbance of the epithelial layer 

and less evidence of cellular exfoliation results. The stomach glands keep their usual configuration 

with small pits, and cells lining them exhibit less damage than in the group including just 

indomethacin.  

Figure 4 (D): showed that rat stomach mucosa treated with 200 mg/kg vitamin C following 

indomethacin treatment at 20 mg/kg displayed decreased ulcerative damage, anti-inflammatory 

effects. Comparing the mucosa to the group alone on indomethacin-only exhibited smaller and less 

severe erosions and ulcers. Vit C also lessened inflammatory cell invasion in the submucosa, so 

suggesting a lower inflammatory response to injury caused by indomethacin. With less disturbance 

of the epithelial layer and less indication of cellular exfoliation, the mucosa also shown improved 

preservation of its natural architecture. The stomach glands kept their usual configuration with small 

pits, and the cells lining them exhibited less damage than in the group just using indomethacin. 

Figure 4(E): At a dosage of 3.6 mg/kg, omeprazole considerably lowered ulcerative damage 

produced by indomethacin. It also had anti-inflammatory action since the submucosa's inflammatory 

cell infiltration reduces. Omeprazole also maintained mucosal integrity since less disturbance of the 

epithelial layer and less evidence of cellular exfoliation results. The stomach glands kept their usual 

configuration with tiny pits, and the cells lining them exhibited less damage than in the group 

included only indomethacin. 

 

Discussion  

This study aims at investigating the role of each of Silymarin and Vitamin C in preventing 

gastric Ulcer induced by indomethacin in comparable with omeprazole. This research evaluates the 

effectiveness of Silymarin (100 mg/kg) versus Vitamin C (300 mg/kg) in the treatment of ulcers. 

The research indicates that Silymarin (100 mg/kg) exhibits greater efficiency in diminishing both 

the frequency and size of ulcers, exceeding that of Vitamin C (300 mg/kg). This exceptional 

efficacy necessitates additional exploration of its potential as a primary therapeutic agent for ulcer 

treatment. 

Silymarin's enhanced ulcer reduction is evidenced by its direct comparison with Vitamin C, which 

also demonstrates ulcer-healing capabilities. Research has demonstrated Silymarin's capacity to 

neutralize free radicals, diminish lipid peroxidation, and decrease pro-inflammatory cytokines, all of 

which play a role in the onset and persistence of ulcers [22].  

Omeprazole, a proton pump inhibitor (PPI), efficiently diminishes stomach acid output, an essential 

element in ulcer formation [23]. Although the research indicates that Silymarin is superior in 

diminishing the quantity and dimensions of ulcers, Omeprazole's function in acid suppression is 

essential, especially in instances of hyperacidity or when acid suppression is critical [24].  

Research on stomach tissue has measured macroscopic ulcerative areas; silymarin at a 100 mg/kg 

dosage shows anti-ulcerative action [25]. Silymarin may work antiulcerally by reducing 

hydrochloric acid output, cytoprotective action, healing promotion, and enzymatic peroxidation 

inhibition [26]. By means of the lipoxygenase pathway, silymarin's anti-ulcerogenic action could be 

connected to its inhibitory method of enzymatic peroxidation, therefore preventing leukotriene 

formation [27, 28]. 

 Rats' gastrointestinal mucosal injury caused by indomethacin has been shown to be protected 

against by vitamin C [29]. It lowers lipid peroxidation, increases antioxidant action, and lessens 
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stomach damage [30]. Indomethacin also lowers levels of antioxidant enzymes, which ascorbic acid 

raises.  

The first group treated with Silymarin showed better biochemical variables (Glutathione level, 

Gastric acidity, and Malondialdehyde) compared to the third group treated with Omeprazole and the 

second group treated with Vitamin C.  

 Rats with indomethacin-induced stomach ulcers have seen silymarin raise glutathione levels 

and lower malondialdehyde levels. Silymarin (100 mg/kg) greatly raised GSH levels in stomach 

tissue injured by indomethacin, according a study employing Wistar albino rats [25]. The stomach's 

overall glutathione level likewise rose. Still, the search results don't specifically address how 

silymarin affects gastric acidity in the particular setting of ulcers brought on by indomethacin. While 

another study indicated that silymarin greatly lowered MDA levels in stomach tissue injured by 

indomethacin, one study noted that silymarin reduces hydrochloric acid output in pylorus-ligated 

rats [25]. In the framework of indomethacin-induced stomach ulcers in rats, silymarin shows 

antioxidant effects by raising glutathione levels and lowering malondialdehyde levels. 

 Increased GSH levels in tissues follow from Vitamin C reversing the drop in glutathione 

levels brought on by indomethacin treatment [31]. Glutathione's protective action is also seen in 

ulcer development since lower glutathione and mucus generation are adversely linked with higher 

acid back-diffusion [32]. 

 In rats, omeprazole has been shown to raise gastric glutathione levels, a molecule that can 

help stop damage of the stomach mucosa [33]. This is a result of its strong acid-suppressing 

properties, which lower stomach acidity and hence affect mucosal damage [34]. Reducing levels of 

malondialdehyde (MDA), a measure of lipid peroxidation and oxidative stress, have also been 

linked to omeprazole treatment [35]. Under several models of stomach damage, omeprazole 

treatment significantly lowered MDA levels, suggesting its possible function in reducing oxidative 

damage. These actions help omeprazole be therapeutively effective in encouraging ulcer healing and 

shielding stomach mucosa from oxidative damage. Ultimately, in rats with indomethacin-induced 

stomach ulcers, omeprazole seems to raise glutathione levels and lower malondialdehyde levels 

while simultaneously greatly lowering gastric acidity [36]. 

Histologically, the administration of indomethacin impacted the gastric mucosa, demonstrating 

notable features including numerous ulcers [37], deep ulcers extending to the submucosal layer, a 

total absence of the surface mucus layer, significant submucosal edema, congestion of the gastric 

mucosa, and dilated fundic glands within the stomach [37].  

Our finding showed that Silymarin preserved mucosal integrity due to reduced disruption of the 

epithelial layer and diminished indications of cellular exfoliation. The gastric glands maintain their 

typical structure with minor pits, and the cells that line them demonstrate less damage compared to 

the group treated just with indomethacin. 

Sasu A, et al [38] found the same finding about Silymarin.  The findings of the study revealed 

heightened expression of cytochrome P450 in all examined gastrointestinal tissues of the Epi group, 

signifying robust drug detoxification. Bax immunopositivity was pronounced in absorptive 

enterocytes, lamina propria cells, gastric surface epithelial cells, and colonic epithelium, 

accompanied by reduced Bcl-2 expression across all tissues. The gastrointestinal damage caused by 

epirubicin was confirmed via study of goblet cell numbers and shape. Bax immunopositivity was 

eliminated by the highest dose of silymarin, but p53 expression was present in all tissues and 

diminished with increased doses. 

 

Our study found that Vit C also lessened inflammatory cell invasion in the submucosa, so 

suggesting a lower inflammatory response to injury caused by indomethacin. With less disturbance 

of the epithelial layer and less indication of cellular exfoliation, the mucosa also shown improved 

preservation of its natural architecture. The stomach glands kept their usual configuration with small 

pits, and the cells lining them exhibited less damage than in the group just using indomethacin. 

Danielski LG, et al [39] also found that preoperative vitamin C administration can enhance 
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intestinal anastomosis healing, metabolic changes, and extend survival in rats undergoing food 

restriction.  

Omeprazole also maintained mucosal integrity since less disturbance of the epithelial layer and less 

evidence of cellular exfoliation results. The stomach glands kept their usual configuration with tiny 

pits, and the cells lining them exhibited less damage than in the group included only indomethacin 

Lee M, et al [40] found that Omeprazole markedly diminished stomach ulcer development caused 

by indomethacin, notwithstanding a substantial (>80%) reduction of gastric mucosal prostaglandin 

E2 (PGE2) synthesis. Contradicting these findings; Tomiyasu Arisawa et al [41] found that 

Omeprazole facilitated epithelialization but failed to completely counteract the effects of 

indomethacin on granulation tissue maturation. 

Silymarin, a natural antioxidant polyphenolic flavonoid, may surpass Vitamin C and Omeprazole in 

treating indomethacin-induced ulcers. Its antioxidant and anti-inflammatory effects include the 

reduction of malondialdehyde levels and myeloperoxidase activity, alongside the augmentation of 

superoxide dismutase activity and glutathione levels in stomach tissue [42]. Silymarin had 

antiulcerative effects at a dosage of 100 mg/kg. Both it and Vitamin C shown significant therapeutic 

effects on indomethacin-induced gastrointestinal ulcers in male albino rats. A study indicated that 

silymarin exhibits significant antiulcer capabilities and may operate via diminishing hydrochloric 

acid secretion [43].  

 

Rationale of our study:  

The studies on Silymarin as anti-ulcerative agent are limited but to the best of our knowledge all 

studies have found that Silymarin is one of the most effective and protective agents against ulcers 

not just in stomach but also in the entire gastrointestinal tract. Silymarin, is a natural substance 

extracted from milk thistle, possesses antioxidant and anti-inflammatory characteristics that 

safeguard the gastric mucosa and facilitate ulcer healing. 

 Vitamin C is an antioxidant that aids in safeguarding the stomach lining and facilitating healing. 

Omeprazole, a proton pump inhibitor, diminishes gastric acid secretion, hence inhibiting ulcer 

development and facilitating ulcer recovery. Silymarin may be a superior option for indomethacin-

induced ulcers owing to its capacity to safeguard the gastric mucosa by enhancing prostaglandin 

synthesis and shielding cells from reactive oxygen species (ROS). Omeprazole diminishes gastric 

acid secretion but fails to rectify the fundamental reasons of indomethacin-induced ulcers. Certain 

research indicate that PPIs may exacerbate indomethacin-induced ulcers. Silymarin seems to be a 

potential treatment for indomethacin-induced ulcers; however, additional research is required to 

validate these results. 

Our study may be the spark for conducting more studies on Silymarin as anti-Ulcerative agent, 

either alone or in combination with Vitamin C since they proved their effectiveness with minimal 

side effects on the long term in contrast with Omeprazole which have side effects on the long term. 

  

Conclusion  

Ulcer is a very serious problem that face major sector of patients worldwide. Finding a safe 

treatment that can build the mucosal layer of the stomach and prevent the formations of more ulcers 

is very important especially in this era in which Patients are interested in natural products treatment.  

Silymarin has proved its effectiveness in treatment of ulcer surpassing Vitamin C and Omeprazole. 

More research is needed for exploring the most effective dose and the duration of treatment in 

humans. In addition, more research is needed for exploring the effect of combination of Vitamin C 

and Silymarin together in treatment of different types of induced ulcers either in stomach or any 

other parts of the gastrointestinal tract.    

 

References: 

1. Roy AJ, Maut C, Gogoi HK, Ahmed SI, Kashyap A. A review on herbal drugs used in the 

treatment of peptic ulcer. Current Drug Discovery Technologies. 2023 May 1;20(3):4-15.  

https://jptcp.com/index.php/jptcp/issue/view/79


Histopathological And Biochemical Study Of Silymarin And Vitamin C Versus Omeprazole In The Treatment Of 

Gastric Ulcer Induced By Indomethacin In Adult Male Albino Rats. 
 

Vol.29  No. 03 (2022) JPTCP (2120-2134)  Page | 2132 

2. E. El-Sisi A, S. Sokar S, E. Abu-Risha S, Y. Khira D. The potential beneficial effects of 

sildenafil and diosmin in experimentally-induced gastric ulcer in rats. 2020.  

3. Kozimbekugli UA, Rustamovna KS, Elbekovna XR. Risk factors, consolidated diseases, 

clinical and immunological features in excernsation of gastric and duodenal ulcer in patients in 

the dispensary group. Academia Repository. 2023 Dec 16;4(12):37-46.  

4. Sohail R, Mathew M, Patel KK, Reddy SA, Haider Z, Naria M, Habib A, Abdin ZU, Chaudhry 

WR, Akbar A, Patel KK. Effects of non-steroidal anti-inflammatory drugs (NSAIDs) and 

gastroprotective NSAIDs on the gastrointestinal tract: a narrative review. Cureus. 2023 Apr 

3;15(4).  

5. S. Shekha M, J. Abdulwahid M, S. Hamadamin P, F. Ismail T et al. Curative Effects of 

Pomegranate and Ginger on Hepatic and Renal Functions of Indomethacin-Induced Peptic 

Ulcers in Albino Rats. 2017.  

6. Deliwala SS, Hamid K, Goyal H, Ponnapalli A, Zayed Y, Bala A, Lakshman H, Malladi S, 

Jones S, Santana M, Leon B. Proton pump inhibitors versus histamine-2-receptor antagonists 

for stress ulcer prophylaxis in critically ill patients: a meta-analysis and trial sequential analysis. 

Journal of Clinical Gastroenterology. 2022 Mar 1;56(3):204-17.  

7. Chinzon D, Domingues G, Tosetto N, Perrotti M. Safety of long-term proton pump inhibitors: 

facts and myths. Arquivos de gastroenterologia. 2022 Jul 6;59(2):219-25.  

8. Targownik LE, Fisher DA, Saini SD. AGA clinical practice update on de-prescribing of proton 

pump inhibitors: expert review. Gastroenterology. 2022.  

9. Křen V, Valentová K. Silybin and its congeners: From traditional medicine to molecular 

effects. Natural Product Reports. 2022.  

10. Jaśniewska A, Diowksz A. Wide Spectrum of Active Compounds in Sea Buckthorn (Hippophae 

rhamnoides) for Disease Prevention and Food Production. Antioxidants. 2021.  

11. Cho K, Lee HG, Piao JY, Kim SJ, Na HK, Surh YJ. Protective effects of silibinin on 

Helicobacter pylori-induced gastritis: NF-κB and STAT3 as potential targets. Journal of cancer 

prevention. 2021 Jun 6;26(2):118.  

12. Aşkın Ö, Uzunçakmak TK, Altunkalem N, Tüzün Y. Vitamin deficiencies/hypervitaminosis 

and the skin. Clinics in Dermatology. 2021 Sep 1;39(5):847-57.  

13. Cai X, Li X, Jin Y, Zhang M, Xu Y, Liang C, Weng Y, Yu W, Li X. Vitamins and Helicobacter 

pylori: an updated comprehensive meta-analysis and systematic review. Frontiers in Nutrition. 

2022 Jan 18;8:781333.  

14. Salem MB, Elzallat M, Mohammed DM, Samir S, Hammam OA, Abdel-Wareth MT. Cornu 

aspersum mucin attenuates indomethacin-induced gastric ulcers in mice via alleviating 

oxidative stress and inflammation. Heliyon. 2023 May 1;9(5).  

15. Cho CH, Ogle CW. Cholinergic-mediated gastric mast cell degranulation with subsequent 

histamine H1-and H2-receptor activation in stress ulceration in rats. European journal of 

pharmacology. 1979 Apr 1;55(1):23-33. 

16. Ogletree ML, O'Keefe EH, Durham SK, Rubin BE, Aberg GU. Gastroprotective effects of 

thromboxane receptor antagonists. The Journal of pharmacology and experimental therapeutics. 

1992 Oct 1;263(1):374-80. 

17. Bo TB, Zhang XY, Kohl KD, Wen J, Tian SJ, Wang DH. Coprophagy prevention alters 

microbiome, metabolism, neurochemistry, and cognitive behavior in a small mammal. The 

ISME Journal. 2020 Oct;14(10):2625-45. 

18. Jiang GL, Im WB, Donde Y, Wheeler LA. EP4 agonist alleviates indomethacin-induced gastric 

lesions and promotes chronic gastric ulcer healing. World Journal of Gastroenterology: WJG. 

2009 Nov 7;15(41):5149. 

19. Huilgol SV, Jamadar MG. Silymarin, an antioxidant bioflavonoid, inhibits experimentally-

induced peptic ulcers in rats by dual mechanisms. Int J Appl Basic Med Res. 2012 Jan;2(1):63-

6. doi: 10.4103/2229-516X.96812. PMID: 23776813; PMCID: PMC3657995. 

https://jptcp.com/index.php/jptcp/issue/view/79


Histopathological And Biochemical Study Of Silymarin And Vitamin C Versus Omeprazole In The Treatment Of 

Gastric Ulcer Induced By Indomethacin In Adult Male Albino Rats. 
 

Vol.29  No. 03 (2022) JPTCP (2120-2134)  Page | 2133 

20. Koc M, Imik H, Odabasoglu F. Gastroprotective and anti-oxidative properties of ascorbic acid 

on indomethacin-induced gastric injuries in rats. Biological trace element research. 2008 

Dec;126:222-36. 

21. Mohamed ME, Kamel MA. Anti-ulcer and gastro protective effects of dexlansoprazole in 

experimentally induced gastric ulcer in rats. Zagazig Veterinary Journal. 2023 Jun 1;51(2):208-

23. 

22. 18. Kmail A. Mitigating digestive disorders: Action mechanisms of Mediterranean herbal active 

compounds. Open Life Sciences. 2024 Apr 18;19(1):20220857. 

23. 19. Wang L, Zhou L. RETRACTED: Intelligent hospital and clinical effect of omeprazole in 

the treatment of patients with gastric ulcer based on embedded system. 

24. 20. Sykes BW. A free ride: Is long‐term omeprazole therapy safe and effective?. Equine 

Veterinary Education. 2021 Oct;33(10):556-60. 

25. Boyacıoğlu M. Protective Effects of Silymarin on Indomethacin-Induced Gastric Ulcer in Rats. 

Erciyes Üniversitesi Veteriner Fakültesi Dergisi. 2019;16(2):109-14. 

26. Huilgol SV, Jamadar MG. Silymarin, an antioxidant bioflavonoid, inhibits experimentally-

induced peptic ulcers in rats by dual mechanisms. Int J Appl Basic Med Res. 2012 Jan;2(1):63-

6. doi: 10.4103/2229-516X.96812. PMID: 23776813; PMCID: PMC3657995. 

27. C Alarcon De La Lastra, M J Martin, E Marhuenda, Gastric anti-ulcer activity of silymarin, a 

lipoxygenase inhibitor, in rats, Journal of Pharmacy and Pharmacology, Volume 44, Issue 11, 

November 1992, Pages 929–931, https://doi.org/10.1111/j.2042-7158.1992.tb03239.x 

28. Alarcon de la Lastra C, Martin MJ, Marhuenda E. Gastric anti-ulcer activity of silymarin, a 

lipoxygenase inhibitor, in rats. J Pharm Pharmacol. 1992 Nov;44(11):929-31. doi: 

10.1111/j.2042-7158.1992.tb03239.x. PMID: 1361540. 

29. Turkyilmaz IB, Coskun ZM, Bolkent S, Yanardag R. The effects of antioxidant combination on 

indomethacin-induced gastric mucosal injury in rats. Cellular and Molecular Biology. 2019 Mar 

31;65(3):76-83. 

30. Khezri MR, Varzandeh R, Ghasemnejad-Berenji M. Concomitant effects of metformin and 

vitamin C on indomethacin-induced gastric ulcer in rats: biochemical and histopathological 

approach. Drug Research. 2024 Jul;74(06):280-9. 

31. Koc M, Imik H, Odabasoglu F. Gastroprotective and anti-oxidative properties of ascorbic acid 

on indomethacin-induced gastric injuries in rats. Biol Trace Elem Res. 2008 Winter;126(1-

3):222-36. doi: 10.1007/s12011-008-8205-9. Epub 2008 Aug 23. PMID: 18726076. 

32. Hung CR, Neu SL. Acid-induced gastric damage in rats is aggravated by starvation and 

prevented by several nutrients. J Nutr. 1997 Apr;127(4):630-6. doi: 10.1093/jn/127.4.630. 

PMID: 9109615. 

33. da Mata AM, Paz MF, de Menezes AA, Dos Reis AC, da Silva Souza B, de Carvalho Sousa 

CD, Machado SA, Medeiros TS, Sarkar C, Islam MT, Sharifi-Rad J. Evaluation of mutagenesis, 

necrosis and apoptosis induced by omeprazole in stomach cells of patients with gastritis. Cancer 

Cell International. 2022 Apr 18;22(1):154. 

34. Papoutsi I, Siamidi A, Lagopati N, Gazouli M, Vlachou M, Pippa N. Advancements in 

Omeprazole Formulations: From Technological Innovation to Release Strategies. 

35. Abdel-Kawi SH, Hashem KS, Saad MK, Fekry G, Abdel-Hameed EM. The ameliorative effects 

of cinnamon oil against ethanol-induced gastric ulcer in rats by regulating oxidative stress and 

promoting angiogenesis. Journal of Molecular Histology. 2022 Jun;53(3):573-87. 

36. Koch, Timothy & Yuan, L & Petro, Ann & Opara, Chidi. (2002). Effects of Omeprazole and 

Ascorbate on Gastric Emptying and Antioxidant Levels in a Mouse Model of Glutathione 

Depletion. Digestive diseases and sciences. 47. 2486-92. 10.1023/A:1020555925142. 

37. Mohamed HK, Mohamed HZ. Effects of indomethacin on the gastric mucosa of adult male 

albino rat and the possible gastroprotection by alpha lipoic acid. The Egyptian Journal of 

Anatomy. 2020 Jun 1;43(1):86-105. 

https://jptcp.com/index.php/jptcp/issue/view/79
https://doi.org/10.1111/j.2042-7158.1992.tb03239.x


Histopathological And Biochemical Study Of Silymarin And Vitamin C Versus Omeprazole In The Treatment Of 

Gastric Ulcer Induced By Indomethacin In Adult Male Albino Rats. 
 

Vol.29  No. 03 (2022) JPTCP (2120-2134)  Page | 2134 

38. Sasu A, Herman H, Mariasiu T, Rosu M, Balta C, Anghel N, Miutescu E, Cotoraci C, 

Hermenean A. Protective effects of silymarin on epirubicin-induced mucosal barrier injury of 

the gastrointestinal tract. Drug and chemical toxicology. 2015 Oct 2;38(4):442-51. 

39. Danielski LG, Walczewski E, de Jesus CR, Florentino D, Giustina AD, Goldim MP, Kanis LA, 

Pereira GW, Pereira VD, Felisberto F, Petronilho F. Preoperative vitamin C supplementation 

improves colorectal anastomotic healing and biochemical parameters in malnourished rats. 

International journal of colorectal disease. 2016 Nov;31:1759-66. 

40. Lee M, Kallal SM, Feldman M. Omeprazole prevents indomethacin‐induced gastric ulcers in 

rabbits. Alimentary pharmacology & therapeutics. 1996 Aug;10(4):571-6. 

41. Tomiyasu Arisawa, Masao Harata, Yoshio Kamiya, Tomoyuki Shibata, Mitsuo 

Nagasaka, Masakatsu Nakamura, Hiroshi Fujita, Shin Hasegawa, Masahiko Nakamura, Tamaki 

Mizuno, Tomomitsu Tahara, Yoshiji Ohta, Hiroshi Nakano; Is Omeprazole or Misoprostol 

Superior for Improving Indomethacin-Induced Delayed Maturation of Granulation Tissue in 

Rat Gastric Ulcers?. Digestion 1 April 2006; 73 (1): 32–39. https://doi.org/10.1159/0000920124 

42. Marzouk MA, Elsenosy YA, Mahfouz MK, ElMageid AD, Hussein SA. Biochemical Effect of 

Silymarin Treatment on Blood and Tissue Parameters in Experimental non Alcoholic 

Steatohepatitis in Rats. Benha Journal of Applied Sciences. 2017 Dec 1;2(3):65-71. 

43. Serafim C, Araruna ME, Júnior EA, Diniz M, Hiruma-Lima C, Batista L. A review of the role 

of flavonoids in peptic ulcer (2010–2020). Molecules. 2020 Nov 20;25(22):5431. 

https://jptcp.com/index.php/jptcp/issue/view/79
https://doi.org/10.1159/0000920124

