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Abstract: 

Background: Adults with hypertension often suffer from peptic 

ulcer disease and are more likely to receive drugs for hypertension 

and peptic ulcer   Aim of the study: The aim of this study was to 

evaluate effect of L-arginine and carvedilol as nitric oxide donors 

on peptic ulcer and on peptic ulcer hypertension co- morbidity 

regarding to these parameters: blood pressure, ulcer score, ulcer 

index, total antioxidant capacity(TAC),nitric oxide (NO), 

prostaglandinE2(PGE2)and tumor necrosis factor alpha (TNF-α) 

Methods: Rats were classified into: Group 1: control normal 

group. Group 2carboxy methylcelluose(CMC) group. Group 3: 

peptic ulcer (PU)group, Group4: hypertension -PU group, Group 

5: PU L-arginine pretreated group, Group6: hypertension-PU L-

arginine pretreated group, Group7: PU carvedilol pretreated 

group, Group8: hypertension -PU carvedilol pretreated group, 

Group9: hypertension- PU L-arginine treated group, Group 10: 

hypertension- PU carvedilol treated group Results: Treated groups showed significant 

improvement in all parameters related to PU and hypertension PU progression and  improvement 

of the histopathology of stomach. Conclusion: Our study revealed that L-arginine and carvedilol 

showed improvement in blood pressure, ulcer score, ulcer index, TNF-α, TAC, NO and PGE2. 

There was no significant difference between both drugs. So our drugs have prophylactic effect 

against PU and hypertension PU co-morbidity and their effect appeared to be mediated, by 

reductions in oxidative stress and a preservation of gastro protective mechanisms as NO, PG E2 

and TAC. 
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Abbreviations: PU; peptic ulcer TAC; total antioxidant capacity PGE2; prostaglandinE2, NO; nitric oxide, INDO; 

indomethacin, TNFα; tumor necrosis factor α. 

Introduction  

Peptic ulcer is one of the most common 

disorders considering the gastrointestinal 

tract; it affects 5% of the population around 

the world, so its prevention and management 

are considered very important challenges 

(1). 

Hypertension is one of the most important 

factors associated with development of 

vascular diseases. Complications of 

hypertension such as coronary heart disease, 

stroke, myocardial infarction, heart failure 

are common. The etiology of hypertension 

has been widely accepted as responsible for 

endothelial dysfunction (2).  

L-arginine is a semi-essential amino acid 

that is particularly rich in certain foods such 

as meats and nuts. L-arginine is the substrate 

for the enzyme nitric oxide synthase (NOS), 

which is responsible for the production of 

nitric oxide (3). 

Carvedilol is a non-selective, cardiac beta-

blocker with peripheral vasodilating effects, 

has anti-oxidant activity and is nitric oxide 

donor (4). 

Indomethacin is a nonsteroidal anti‐

inflammatory drug (NSAID) with very 

effective antipyretic, analgesic, and anti‐

inflammatory activity(5). L-NAME is non-

selective nitric oxide synthase (NOS) 

inhibitor (6). 

Materials and method 

Animals: 

It is a prospective study carried out on (60) 

adult male albino rats obtained from 

(Experimental Animal Breeding Farm, 

Helwan-Cairo) weighing between 150- 200 

g (at the beginning of the study), were used 

for in-vivo experiments. They were 

acclimatized for one week and were caged 

(6 rat/ cage) in fully ventilated room at room 

temperature in the pharmacology 

department, Benha Faculty of Medicine. 

The study was carried out from 1st of 

September 2020 to 22th of September's 

2020  .Rats were fed a standard chow with 

water.  

This study was approved from ethical 

committee of Benha Faculty of Medicine. 

Drugs 

Indomethacin (Acros, Belgium), L-NAME 

(Alfa Aesar, Germany), L-argnine (Alfa 



L-arginine and Carvedilol on Peptic Ulcer, 2022 

113 
 

Aesar, Germany), Carvedilol (Acros, 

Belgium), CMC(LANXESS,Germany). 

 

Experimental groups and procedures: 

Group 1:  control normal group given only 

standard diet. Group2:  control carboxy 

methyl cellulose (CMC group). This group 

was given CMC from 5
th

 day to 14
th

 day. 

Group 3: peptic ulcer group (PU group). In 

this group PU was induced by single oral 

dose of indomethacin (INDO) in dose of 100 

mg/kg (7). Indomethacin was dissolved in 

0.5% CMC (8). Group 4: hypertension -PU 

group (L-NAME +PU group). Rats were 

given L-NAME oral in dose 40mg/kg per 

day (9) for 2 weeks and INDO PU was done 

at 14
th

 day. Group 5: PU L-arginine 

pretreated group (L-arginine +PU group). L-

arginine was given at dose 200mg/kg per 

day (10) oral to rats in this group from 5
th

 

day till 14
th

 day and INDO induced PU was 

done at 14
th

 day. Group6: hypertension PU 

L-arginine pretreated group (L-arginine +L-

NAME+PU group). In this group rats were 

given L-NAME from 1
st
 day to 14

th
 day, L-

arginine from 5
th

 day to 14
th

 day and INDO 

induced PU was done at 14
th

 day. Group 7: 

PU carvedilol pretreated group (carvedilol 

+PU group). In this group rats were given 

carvedilol oral in dose (30 mg/kg) (11) from 

5
th

 day to 14
th

 day and INDO induced PU 

was done at 14
th

 day. Carvedilol were 

suspended in 0.25% carboxy methyl 

cellulose (CMC) (12) given orally by 

gavage. Group 8: hypertension PU 

carvedilol pretreated group (carvedilol +L-

NAME+PU group). In this group rats were 

given L-NAME from 1
st
 day to 14

th
 day, 

carvedilol from 5
th

 day to 14
th

 day and 

INDO induced PU was done at 14
th

 day, 

Group 9:  hypertension PU L-arginine 

treated group (L-arginine SD+L-

NAME+PU). This group was given L-

NAME for 2 weeks and single dose of L-

arginine at 14
th

 day one hour before INDO 

induced PU group 10:  hypertension PU 

carvedilol treated group (carvedilol SD+L-

NAME+PU). This group was given L-

NAME for 2 weeks and single dose of 

carvedilol at 14
th

 day one hour before INDO 

induced PU. 

Systolic blood pressure measurement: 

Blood pressure was measured at the start of 

experiment and in last day of working. SBP 

in conscious non-anaesthetized rats was 

measured by noninvasive tail cuff 

plethysmography. Briefly tails of rats were 

placed in plastic restrainer. Cuff with a 
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pneumatic pulse sensor was attached to the 

tail (13). 

Determination of the ulcer score 

The gastric lesions were evaluated according 

to the method of (14) and scored according 

to ulcerated area between 1 and 5 as 

following: score (1): 1-6 mm
2,
 (2): 7-12mm

2  
 

,(3): 13-18 mm
2  

 ,(4): 19-24 mm
2  

  ,(5):  

Above 24mm
2  

.  

Determination of the ulcer index 

The ulcer index was determined using the 

formula described by (15) 

Ulcer index = X

10

  (X = total mucosal 

area/total ulcerated area). 

 Serum TAC assays: 

TAC was determined colorimetrically (16) 

 Serum NO assay: 

Serum NO was measured by Total Nitric 

Oxide and Nitrate/Nitrite Assay, R&D 

system (USA) (17) 

Measurement of serum PGE2: 

PGE2 was measured by rat PGE2 ELISA 

test, Fine test (China) (18). 

Measurement of serum TNF-α: 

Serum TNF-α was measured by Rat TNF-α 

Immunoassay, R&D system (USA) (19).  

Histological examination of stomach: 

The stomachs were dissected out, washed 

and fixed in 10% para formaldehyde. Tissue 

samples were cut into 5 mm thick sections 

using a HistoRange microtome and stained 

with hematoxylin & eosin (H&E).   

 

 

 Stomach tissue sections were examined 

under light microscope. 

 

Statistical analysis: 

Data were tabulated, coded then analyzed 

using the computer program SPSS 

(Statistical Package for social science) 

version 26.0. Descriptive statistics were 

calculated in the form of Mean ±SD standard 

deviation (SD). In the statistical comparison 

between the different groups, the 

significance of difference was tested using 

the following test: AVONA (analysis of 

variance): used to compare between more 

than two different groups of numerical data 

followed by post-hoc Tukey. P value <0.05 

was considered statistically significant 

Results 

Effect of L-arginine and carvedilol on blood 

pressure, ulcer score, ulcer index in rats’ 

groups showed in table (1). 

Effect of L-arginine and carvedilol on TAC, 

NO, PGE2, TNF-α in rats’ groups showed in 

table (2). 
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 Effect of L-arginine and carvedilol on 

histological examination of gastric mucosa 

showed in fig. (1,2,3,4,5,6,7,8,9,10) 

 

 

 

 

 Table (1) Effect of L-arginine and carvedilol on blood pressure, ulcer score, ulcer index in rats’ groups 

  control CMC PU L-

NAME+ 

PU 

L-

arginine 

+ 

PU 

L-arginine 

+L-NAME 

+PU 

Carvedilol

+PU 

carvedilol 

+L-

NAME 

+PU 

L-arginine 

SD 

+L-

NAME 

+PU 

carvedilol 

SD 

+LNAME 

+PU 

Blood 

pressure 

mm Hg  

119.50 

(±5.21) 

118.83 

(±4.79) 

122.50 

(±9.05) 

162.33 

abc 

±(11.22) 

120.83 d 

(±10.93) 

134.83 d  

(±7.65) 

107.50 df 

(±9.46)  

123.67 d 

(±6.31)  

154.17 

abcefgh  

(±12.92) 

146.33 

abcegh 

 (±8.80) 

Ulcer 

score  

0(±0) 0(±0) 3.50ab 

(±.84) 

4.83abc 

(±.41) 

1.67 abcd 

(±.52) 

2.17 abcd 

(±.41) 

1.50 abcd 

(±.55) 

1.83 abcd 

(±.75) 

4.67 

abcdefgh 

(±.52) 

4.50 

abcdefgh 

 (±.55) 

Ulcer 

Index 

0(±0) 0(±0) 0.326ab 

(±0.032) 

0.501 

abc 

(±0.07) 

0.143 

abcd 

(±0.055) 

0.194 abcd 

(±0.057) 

0.124 abcd 

(±0.046) 

0.173 

abcd 

(±0.043) 

0.459 

abcefgh 

(±0.06) 

0.462 

abcefgh 

(±0.037) 

Data expressed as mean±SD  

SD: standard deviation      P: Probability   *: significance <0.05 

Test used: One-way ANOVA followed by post-hoc tukey 

a: significance relative to control group                   b: significance relative to CMC group 

c: significance relative to PU   group                        d: significance relative to L-NAME + PU group 

e: significance relative to L-arginine+ PU group    f: significance relative to L-arginine +L-NAME +PU group                

g: significance relative to carvedilol +PU group     h: significance relative to carvedilol +L-NAME+PU group     

i: significance relative to L- arginine SD+L-NAME+PU group. 
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Table (2) Effect of L-arginine and carvedilol on TAC, NO, PGE2, TNF-α in rats’ groups 

  control CMC PU L-

NAM

E 

+PU 

l-

argini

ne 

+PU 

L-

argini

ne 

+L-

NAM

E 

+PU 

Carvedil

ol 

+PU 

Carvedil

ol 

+L-

NAME 

+PU 

L-

arginin

e SD 

+L-

NAME 

+PU 

carved

ilol SD 

+LNA

ME 

+PU 

Total 

antioxid

ant  

mM/L 

 

0.334 

(±0.030) 

0.341 

(±0.072) 

0.173ab 

(±0.021) 

0.049 

abc 

(±0.0

11) 

0.299 

cd 

(±0.0

45) 

0.266 

cd 

(±0.05

7) 

0.306 cd 

(±0.069) 

0.282 cd 

(±0.073) 

0.059 

abcefg

h 

(±0.019

) 

0.068 

abcefg

h 

(±0.02

3) 

NO  

µmol/L 

 

113.25(±15.40) 112.67(±4.76) 
67.23ab(±

6.88) 

32.53 

abc 

(±5.4

1) 

100.7

2 cd 

(±4.5

9) 

96.41 

cd 

(±18.7

5) 

105.25 cd 

(±6.45) 

98.55 cd 

(±7.06) 

48.19 

abcefg

h 

(±5.92) 

46.81 

abcefg

h 

(±3.79) 

PGE2  

        

Pg/ml 

 

84.96(±5.66

) 

82.62(±

5.41) 

62.65ab(±

8.83) 

36.53 abc 

(±8.81) 

92.34 

cd 

(±5.9

0) 

80.5 cd 

(±2.07) 

94.50 cd 

(±6.12) 

83.66 cd 

(±5.18) 

45.28 

abcefgh 

(±6.63) 

47.40 

abcefgh 

(±4.98) 

TNF-α  

Pg/ml 98.56 

(±2.06) 

99.49 

(±7.54) 

262.71ab 

(±13.62) 

308.83 abc 

(±7.65) 

117.0

4 

abcd 

(±7.3

7) 

131.2

2 

abcd 

(±5.2

5) 

119.43 

abcd 

(±13.08) 

134.73 

abcd 

(±6.89) 

293.95 

abcefgh 

(±8.55) 

295.51 abcefgh 

(±6.77) 

Data expressed as mean±SD  

SD: standard deviation      P: Probability   *: significance <0.05 

Test used: One-way ANOVA followed by post-hoc tukey 
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a: significance relative to control group                   b: significance relative to CMC group 

c: significance relative to PU   group                        d: significance relative to L-NAME + PU group 

e: significance relative to L-arginine+ PU group    f: significance relative to L-arginine +L-NAME +PU group                

g: significance relative to carvedilol +PU group     h: significance relative to carvedilol +L-NAME+PU group     

i: significance relative to L- arginine SD+L-NAME+PU group. 

Histopathological changes: 

 

Fig1: photomicrograph of stomach of G1 showing 

typical histologic layers of stomach mucosa, 

including the glandular tissue, submucosa, muscular 

coat, and covering serosa. 

 

 

 

  fig.2: photomicrograph of stomach of G2showing 

intact gastric mucosa without ulceration and regular 

glands in the lamina 

 

 

 

 

 

fig.3: photomicrograph of stomach of G3 showing 

severe mucosal injury, complete multiple erosions 

mixed with inflammatory cells and cellular debris.  
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fig 4: photomicrograph of stomach of G4 showing 

severe gastric ulcer formation with loss of the 

epithelium over the area of ulceration reaching 

severely congested submucosa. 

 

 

 

 fig.5: photomicrograph of stomach of G5 showing 

mucosal damage mild disruption of gastric mucosa, 

mild inflammatory cell infiltration, and mucosal and 

sub-mucosal congestion with no apparent ulceration. 

 

 

 

 fig.6 photomicrograph of stomach of G6 showing 

partial erosions, epithelial damage and glandular 

disruption. 
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fig.7: photomicrograph of stomach of G7 showing no 

observable ulceration of gastric mucosa, mild 

inflammatory cell infiltration, very mild partial necrosis 

of the surface epithelium, glandular cells appear enlarged 

and ballooned, goblet cells are few and there is mild 

submucosal edema. 

 

 

 

 fig.8: photomicrograph of stomach of G8 showing mild 

mucosal damage with injured epithelium and mild 

inflammatory cell infiltration 

 

 

 

  fig.9 photomicrograph of stomach of G9 showing 

prominent gastric ulcer formation that extended and 

involved the gastric glands and submucosa. 
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fig.10 photomicrograph of stomach of G10 showing mucosal injury, multiple erosions and 

gastric ulcer formation with infiltration of mixed inflammatory cells. 

Discussion 

The present study was done to evaluate 

the effect of carvedilol and L-arginine on PU 

rats and hypertension -PU rats regarding to 

their effect on blood pressure, ulcer score and 

index, NO, PGE2 TAC and TNF-α. 

In the current work PU was achieved by 

administration of INDO (100mg/kg) SD (7). 

Hypertension was achieved by administration 

of L-NAME (40mg/kg/d) for 2 weeks (8). L-

NAME and INDO were given by oral 

gavage. 

Induction of PU in rats by INDO resulted 

in significant increases in ulcer score, ulcer 

index and TNF-α levels and significant 

decrease in NO, PGE2 and TAC levels. 

These finding are in agreement with several 

studies [20, 21, 22, 23 & 24] which reported 

that INDO induced PU resulted in significant 

increases in ulcer score, ulcer index and 

TNF-α levels and significant decrease in NO, 

PGE2 and TAC levels. 

Induction of hypertension by L-NAME 

and PU by INDO resulted in significant 

increases in blood pressure, ulcer score, ulcer 

index and TNF-α levels and significant 

decrease in NO, PGE2 TAC levels. These 

finding are in agreement with several studies 

[25, 26, 27, 28 & 29] who reported that L-

NAME induced hypertension and INDO 

induced PU resulted in significant increases 

in blood pressure, ulcer score, ulcer index 

and TNF-α levels and significant decrease in 

NO, PGE2 and TAC levels. 

    Treatment with L-arginine200 mg/kg/day 

and carvedilol 30mg/kg/day for 10 days in 

PU rats resulted in non-significant change in 

blood pressure but showed significant 

decrease in ulcer score, ulcer index and TNF-

α levels. This is in line with several studiers 

(30,31,32,33,34) which reported that 

treatment with L-arginine and carvedilol 

protected against PU and significantly 

decrease ulcer score, ulcer index and TNF-α 

levels. 

. They also showed significant increase in 

NO, PGE2 TAC levels. This is in consistence 

with several studies (35, 36, 37 & 38) which 

concluded that L-arginine and carvedilol had 

strong anti-oxidant effect through increasing 

NO/ PGE2 path way. 

     Regarding treatment with L-arginine200 

mg/kg/day and carvedilol 30mg/kg/day for 

10 days in hypertensive PU rats resulted in 

significant decrease in high blood pressure 
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caused by L-NAME. this is in line with 

several studiers (29 & 39) which reported 

that L-arginine and carvedilol significantly 

decrease high blood pressure. They also 

showed significant decrease   in ulcer score, 

ulcer index and TNF-α level. This is in line 

with several studiers (39 & 40) which 

reported that treatment with L-arginine and 

carvedilol protected against hypertension and 

PU and significantly decrease ulcer score, 

ulcer index and TNF-α levels. They also 

showed significant increase in NO, PGE2 and 

TAC levels. This is in consistence with 

several studies (29 & 41) which concluded 

that L-arginine and carvedilol had strong 

anti-oxidant effect through increasing NO/ 

PGE2 path way. 

  Treatment with L-arginine200 mg/kg/day 

and carvedilol 30mg/kg/day for 10 days PU 

rats and in hypertension -PU rats showed 

significant improvement in histological 

examination of gastric tissue. This is in 

agreement with several studies (31& 42) 

which found that protective activity of L-

arginine and carvedilol result in less 

mucosal injury and limited or absent edema 

of submucosa 

   SD of L-arginine or carvedilol failed to 

lower blood pressure. This is in line with 

study (43) which reported that L-arginine 

reduce blood pressure in dose dependent 

manner and (44) which reported that SD 

carvedilol failed to lower L-NAME induced 

hypertension. Also SD of both drugs failed 

to decrease in ulcer score, ulcer index and 

TNF-α levels or increase in NO, PGE2 TAC 

levels. This is in agreement with the study 

(45) which concluded that effect of L-

arginine and carvedilol blocked by long 

administration of L-NAME. 

  SD of L-arginine or carvedilol failed to 

improve histological damage cause by L-

NAME and INDO. 

 

Conclusion 

In conclusion the results of this study 

showed that L-Arginine and carvedilol 

displayed gastro protective activity in 

indomethacin-induced peptic ulceration and 

in L-NAME induced hyper tension + 

indomethacin-induced peptic ulceration. It 

can be maintained by chronic use of these 

drugs, the effect appeared to be mediated, by 

reductions in oxidative stress and a 

preservation of gastro protective 

mechanisms as NO, PG E2 and TAC. 

Also L-arginine and carvedilol significantly 

decrease blood pressure and that this 

decrease can be maintained by chronic use 
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of these drugs.  Effect of L- arginine and 

carvedilol is directly associated with an 

increase of plasma levels of NO. There was 

non-significant difference between L-

arginine and carvedilol on hypertension and 

peptic ulcer healing.   

References 

1. Boligon AA, de Freitas RB, de Brum TF, 

Waczuk EP, Klimaczewski CV, de Ávila 

DS:.2014: Anti-ulcerogenic activity of Scutia 

buxifolia on gastric ulcers induced by ethanol in 

rats. Acta Pharm Sin B. 4:358–367. 

2. Williams, B., Mancia, G., Spiering, W., 

Agabiti Rosei, E., Azizi, M., Burnier, M etal., 

(2018): 2018 ESC/ESH Guidelines for the 

management of arterial hypertension: The Task 

Force for the management of arterial 

hypertension of the European Society of 

Cardiology (ESC) and the European Society of 

Hypertension (ESH). European heart journal, 

39(33), 3021-3104. 

3. McRae, M. P. (2016): Therapeutic benefits of l-

arginine: an umbrella review of meta-analyses. 

Journal of chiropractic medicine, 15(3), 184-

189. 

4. Gorre, F. and Vandekerckhove, H. (2010): 

Beta-blockers: focus on mechanism of action 

Which beta-blocker, when and why? Acta 

cardiologica, 65(5), 565-570. 

5. Lucas, S. (2016): The pharmacology of 

indomethacin. Headache: The Journal of Head 

and Face Pain, 56(2), 436-446. 

6. Abdel-Salam, O. M., Youness, E. R., 

Mohammed, N. A., Yassen, N. N., Khadrawy, 

Y. A., El-Toukhy, S. E et al., (2017): Nitric 

oxide synthase inhibitors protect against brain 

and liver damage caused by acute malathion 

intoxication. Asian Pacific journal of tropical 

medicine, 10(8), 773-786. 

7. Araujo DA, Araujo V, Takayama C, de-Faria 

FM, Socca EA, Dunder RJ. 2011.: Gastro-

protective effects of essential oil from Protium 

heptaphyllum on experimental gastric ulcer 

models in rats. Rev Braz Farmacogn. 21:721–

729. 

8. Antonisamy, P., Arasu, M. V., Dhanasekaran, 

M., Choi, K. C., Aravinthan, A., Kim, N. S et 

al., (2016): Protective effects of trigonelline 

against indomethacin-induced gastric ulcer in 

rats and potential underlying mechanisms. Food 

& function, 7(1), 398-408. 

9. Di Verniero CA, Bertera F, Buontempo F, 

Bernabeu E, Chiappetta D, Mayer MA, et al., 

2010: Enantioselective pharmacokinetic-

pharmacodynamicmodelling of carvedilol in a 

N-nitro-l-arginine methyl ester rat model of 

secondary hypertension. J Pharm Pharmacol; 

62: 890–900. 

10. Konturek, S. J., Brzozowski, T., Majka, J., 

Pytko-Polonczyk, J., & Stachura, J. (1993): 

Inhibition of nitric oxide synthase delays 

healing of chronic gastric ulcers. European 

journal of pharmacology, 239(1-3), 215-217. 

11. Matsui H, Morishima I, Numaguchi Y, Toki 

Y, Okumura K, Hayakawa T. (1999): 

Protective effects of carvedilol against 

doxorubicin-induced cardiomyopathy in rats. 

Life Sci. 65(12):1265–74. 

12. Al-Rejaie, S. S. (2009): Inhibition of ethanol-

induced gastric mucosal damage by carvedilol 

in male Wistar albino rats: possible biochemical 

changes. International journal of pharmacology, 

5(2), 146-154. 

13. Ikeda, K., Nara, Y., & Yamori, Y. (1991): 

Indirect systolic and mean blood pressure 

determination by a new tail cuff method in 

spontaneously hypertensive rats. Laboratory 

animals, 25(1), 26-29. 

14. Yamamoto, O.; Okada, Y. and Okabe, S. 

(1984): Effects of a proton PUmp inhibitor, 

omeprazole, on gastric secretion and gastric and 

duodenal ulcers or erosions in rats. Dig Dis Sci, 

29, 394-401. 

15. Ganguly, A.K. (1969): A method for 

quantitative assessment of experimentally 

produced ulcers in the stomach of albino rats. 

Experientia, 25,1224. 

16. Koracevic, D., Koracevic, G., Djordjevic, V., 

Andrejevic, S., & Cosic, V. (2001): Method for 

the measurement of antioxidant activity in 

human fluids. Journal of clinical pathology, 

54(5), 356-361. 



L-arginine and Carvedilol on Peptic Ulcer, 2022 

123 
 

17. Manukhina, E. B., SYu, M., Smirin, B. V., 

Lyamina, N. P., Senchikhin, V. N., Vanin, A. 

F., et al., (2000): Role of nitric oxide in 

adaptation to hypoxia and adaptive defense. 

Physiological research, 49(1), 89-97. 

18. Wang, C., Gao, Y., Zhang, Z., Chi, Q., Liu, Y., 

Yang, L., et al., (2020): Safflower yellow 

alleviates osteoarthritis and prevents 

inflammation by inhibiting PGE2 release and 

regulating NF-κB/SIRT1/AMPK signaling 

pathways. Phytomedicine, 78, 153305. 

19. Juhász, K., Buzás, K., & Duda, E. (2013): 

Importance of reverse signaling of the TNF 

superfamily in immune regulation. Expert 

review of clinical immunology, 9(4), 335-348. 

20. Sabiu, S., Garuba, T., Sunmonu, T., Ajani, E., 

Sulyman, A., Nurain, I., et al., (2015): 

Indomethacin-induced gastric ulceration in rats: 

Protective roles of Spondias mombin and Ficus 

exasperata. Toxicology reports, 2, 261-267. 

21. El-Demerdash, E., El-Mesallamy, H. O., Abu-

Zaid, N. M., & Gad, M. Z. (2010): The 

potential therapeutic effect of nitric oxide 

modulators in experimentally-induced gastric 

ulcers. Drug Discov Ther, 4, 276-84. 

22. Eraslan, E., Tanyeli, A., Güler, M. C., Kurt, 

N., & Yetim, Z. (2020): Agomelatine prevents 

indomethacin-induced gastric ulcer in rats. 

Pharmacological Reports, 1-8. 

23. AbdelAziz, E. Y., Tadros, M. G., & Menze, E. 

T. (2021): The effect of metformin on 

indomethacin-induced gastric ulcer: 

Involvement of nitric oxide/Rho kinase 

pathway. European Journal of Pharmacology, 

892, 173812. 

24. Vivatvakin, S., Werawatganon, D., 

Somanawat, K., Klaikeaw, N., & Siriviriyakul, 

P. (2017): Genistein-attenuated gastric injury 

on indomethacin-induced gastropathy in rats. 

Pharmacognosy magazine, 13(Suppl 2), S306. 

25. Aekthammarat, D., Pannangpetch, P., & 

Tangsucharit, P. (2019):Moringa oleifera leaf 

extract lowers high blood pressure by 

alleviating vascular dysfunction and decreasing 

oxidative stress in L-NAME hypertensive rats. 

Phytomedicine, 54, 9-16. 

26. Boeing, T., Mariano, L. N. B., Somensi, L. B., 

da Silva, L. M., & de Souza, P. (2020): The 

pathophysiology of acute gastric ulcer 

development in normotensive and hypertensive 

rats: A comparative study. European Journal of 

Pharmacology, 887, 173469. 

27. Aremu, O. O., Oyedeji, A. O., Oyedeji, O. O., 

Nkeh-Chungag, B. N., & Rusike, C. R. S. 

(2019): In vitro and in vivo antioxidant 

properties of Taraxacum officinale in Nω-Nitro-

l-Arginine Methyl Ester (L-NAME)-induced 

hypertensive Rats. Antioxidants, 8(8), 309. 

28. Kakabadze, K., Megreladze, I., Khvichia, N., 

Mitagvaria, N., Kipiani, N., Dumbadze, M 

etal.,  (2021):Some Aspects of Role of Nitric 

Oxide in the Mechanisms of Hypertension 

(Experimental Study). Cardiology Research, 

12(1), 16. 

29. Oludare, G. O., Oyelowo, O. T., Adejare, A. A., 

Odubela, O. R., & Adeleye, M. A. (2019): L-

arginine Attenuates Oxidative Stress and 

Regulates the Inflammatory Actions of Tumor 

Necrosis Factor and Interleukin-10 in a Rat 

Model of Pre-eclampsia. African Journal of 

Biomedical Research, 22(3), 295-301.) 

30. Guha, P., Dey, A., Chatterjee, A., 

Chattopadhyay, S., & Bandyopadhyay, S. K. 

(2010): Pro‐ulcer effects of resveratrol in mice 

with indomethacin‐induced gastric ulcers are 

reversed by l‐arginine. British journal of 

pharmacology, 159(3), 726-734. 

31. Ahmed, I., Elkablawy, M. A., El-Agamy, D. S., 

Bazarbay, A. A., & Ahmed, N.   (2020): 

Carvedilol safeguards against aspirin-induced 

gastric damage in rats. Human & experimental 

toxicology, 39(9), 1257-1267. 

32. Amini, N., Movahedi, M., Abolfathi, A. A., & 

Majd, A. (2018): The effects of L-Arginine on 

oxidative and nitrosative stress and 

inflammation factors in patients infected with 

Helicobacter pylori. Iranian Red Crescent 

Medical Journal, 20(6). 

33. Abdel-Sater, K. A. A., & Hassan, A. M. M. 

(2014): Effects of combination of carvedilol 

and melatonin on induced metabolic syndrome 

in rats. Biochem Physiol, 3(137), 2. 

34. Heeba, G. H., Hassan, M. K., & Amin, R. S. 

(2009): Gastroprotective effect of simvastatin 

against indomethacin-induced gastric ulcer in 

rats: role of nitric oxide and prostaglandins. 

European journal of pharmacology, 607(1-3), 

188-193. 



Benha medical journal, vol. 39, Special issue (academic), 2022 

 

124 
 

35. Ibrahim, A. (2012): comparison between 

renoprotective effect of carvedilol and lisinopril 

in  L-NAME-treated rats. Al-Azhar Journal of 

Pharmaceutical Sciences, 45(1), 524-534. 

36. Salvemini, D., Kim, S. F., & Mollace, V. 

(2013): Reciprocal regulation of the nitric oxide 

and cyclooxygenase pathway in 

pathophysiology: relevance and clinical 

implications. American Journal of Physiology-

Regulatory, Integrative and Comparative 

Physiology, 304(7), R473-R487. 

37. Darband, S. G., Sadighparvar, S., Yousefi, B., 

Kaviani, M., Mobaraki, K., & Majidinia, M. 

(2020): Combination of exercise training and L-

arginine reverses aging process through 

suppression of oxidative stress, inflammation, 

and apoptosis in the rat heart. Pflügers Archiv-

European Journal of Physiology, 472(2), 169-

178.) 

38. Zheng, W., Shang, X., Zhang, C., Gao, X., 

Robinson, B., & Liu, J. (2017): The effects of 

carvedilol on cardiac function and the 

AKT/XIAP signaling pathway in diabetic 

cardiomyopathy rats. Cardiology, 136(3), 204-

211 

39. Del Mauro, J. S., Prince, P. D., Donato, M., 

Machulsky, N. F., Morettón, M. A., González, 

G. E. et al., (2017): Effects of carvedilol or 

amlodipine on target organ damage in L-NAME 

hypertensive rats: their relationship with blood 

pressure variability. Journal of the American 

Society of Hypertension, 11(4), 227-240.)  

40. Sánchez Fidalgo, S., Martín Lacave, I. M., 

Illanes, M., Bruseghini, L., Esteras, A., & 

Motilva Sánchez, V. (2005): Administration of 

L-arginine reduces the delay of the healing 

process caused by ibuprofen. Implication of 

COX and growth factors expression. Histology 

and Histopathology, 20 (2), 437-447. 

41. El-Ashmawy, N. E., Khedr, E. G., El-

Bahrawy, H. A., & Selim, H. M. (2016): 

Nebivolol prevents indomethacin-induced 

gastric ulcer in rats. Journal of 

immunotoxicology, 13(4), 580-589. 

42. Usman, D., Sunday, O. F., & Gabriel, A. T. 

(2014): Effects of L-arginine and L-citrulline 

on indomethacin-induced gastric ulceration and 

gastric pH in male albino rats. European Journal 

of Medicinal Plants, 623-640. 

43. Ramos, L., Labat, R., Carvalho, F. A. S., 

Martin, A. B., & Lopes-Martins, R. Á. B. 

(2006): Efeito da administração oral de arginina 

sobre a pressão arterial e parâmetros cardíacos 

em ratos submetidos ao bloqueio crônico da 

síntese de óxido nítrico. Revista Brasileira de 

Medicina do Esporte, 12(4), 169. 

44. Chen, J., Huang, C., Zhang, B., Huang, Q., 

Chen, J., & Xu, L. (2013): The effects of 

carvedilol on cardiac structural remodeling: the 

role of endogenous nitric oxide in the activity of 

carvedilol. Molecular medicine reports, 7(4), 

1155-1158. 

45. Morsy, M. A., Heeba, G. H., Abdelwahab, S. 

A., & Rofaeil, R. R. (2012): Protective effects 

of nebivolol against cold restraint stress-

induced gastric ulcer in rats: Role of NO, HO-1, 

and COX-1, 2. Nitric Oxide, 27(2), 117-122. 

  

 

 

To cite this article: Nashwa H. Abu-Raia
 
, Ahmed S. Selim

 
, Rezk A. Ali, Aya I. Hamed, 

Heba EL noury Effect of L-Arginine and Carvedilol on Peptic Ulcer and Hypertension in 

Rats. BMFJ 2022; 39(academic issue):111-124. 


