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ABSTRACT 

Objective: To assess the effects of Prunus dulcis on gastric epithelium affected by nonsteroidal anti-inflammatory 
drugs. 
Study Design: Laboratory based experimental study. 
Place and Duration of Study: Anatomy Department, Army Medical College Rawalpindi, in collaboration with 
National Institute of Health (NIH), Islamabad, from Jan 2015 to Dec 2015. 
Methodology: Forty healthy adult male and female (BALB/c strain) mice, 9-11 weeks age, weighting 30-40gm 
were used in the experiment and were kept in standard conditions in animal house. Animals were divided into 
four equal groups. Group A served as control, whereas group B, C and D served as experimental groups. Animals 
in all groups were given standard lab diet for 60 days. In addition to standard lab diet, experimental groups C 
and D were given almond oil (extracted without peel of almonds) and finely ground almonds (with peel), 
respectively, via oral gavage once a day for 60 days. At 60th day, 400 mg/kg of ASA solution was given, via oral 
gavage needle, to induce gastric ulcers in animals of experimental groups B, C and D. Type of epithelium and 
height of epithelium were assessed under Light Microscope. 
Results: Height and type of epithelium improved in experimental groups C and D on intergroup comparison. 
Whereas group D showed improved protection as compared to group C. 
Conclusion: Prunus dulcis provides protection, to gastric epithelium, against gastric ulcers induced by non-
steroidal anti inflammatory drugs. In addition, finely granular almonds provided better protective outcome in 
comparison with almond oil. 
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INTRODUCTION 

Nonsteroidal antiinflammatory drugs 
(NSAIDs) are one of the most commonly used 
over-the-counter drugs1. NSAIDs include drugs 
like piroxicam, acetylsalicylic acid (ASA), ibupro-
fen, indomethacin and meloxicam2. They are used 
as analgesics, anti-inflammatory, and antipyretic 
drugs. They inhibit platelet aggregation, prolong 
bleeding time, used to close patent ductus arterio-
sus (PDA), relief of dysmenorrhea and inhibition 
of premature labor and are sometimes used          
for bronchoconstriction or bronchodilation3. ASA 
was chosen to induce acute gastric injury to 
gastric epithelium in this experiment. 

One of the serious side effects of NSAIDs is 

gastrointestinal mucosal injury. Many effective 
strategies are being tirelessly sought to avoid    
the gastrointestinal mucosal damage. NSAIDs 
may cause gastric lesions by one of the following 
mechanisms: by inhibiting Prostaglandin (PG) 
production, by inhibiting cyclooxygenase (COX) 
production4,5 or by direct cytotoxic effect on gas-
tric mucosa6. WHO reported that large pro-
portion of the population of developing countries 
depends on natural product drugs for health 
care7,8. 

Prunus dulcis (Almond) has high content of 
dietary fiber, proteins, flavonoid antioxidants, 
vitamin E and essential minerals like magnesium, 
copper, manganese, calcium, and potassium. 
These, and other, properties of almonds might   
be responsible for gastroprotective effect. Plants 
with traditional ethnomedicinal uses in peptic 
ulcer management thus need to be screened for 
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potential antiulcer activity and as sources of anti-
culcer lead compounds. It is, therefore, necessary 
to have credible experimental models that can be 
used to screen such phytomedicines with poten-
tial anti-gastroduodenal ulcer activity. The objec-
tive of current study was to evaluate the protec-
tive role of two forms of Prunus dulcis on gastric 
epithelium, damaged by NSAIDs.  

METHODOLOGY 

The study was carried out in the Department 
of Anatomy, Army Medical College (AMC), 
Rawalpindi, in collaboration with National 
Institute of Health (NIH) Islamabad and Armed 
Force Institute of Pathology (AFIP), Rawalpindi. 
It was a laboratory based experimental study that 
spanned from January 2015 to December 2015. 

Forty healthy adult male and female BALB/c 
mice of age 9-11 weeks with weight range of      
30-40gm were used in the experiment and were 
housed in controlled environment of animal 
house of NIH, Islamabad. Male and female mice 
were housed separately and were kept in a well-
ventilated room and under a temperature range 
of 20-26°C with the help of central temperature 
regulating system with a 12 hours dark-light 
sleep cycle throughout the duration of experi-
ment. Animals were grouped into four equal 
groups by using random number table method 
and sampling was done using non-probability 
consecutive sampling technique. 

Group A served as control, whereas groups 
B, C and D served as experimental groups. 
Animals in all groups were given standard lab 
diet for 60 days. In addition to standard lab diet, 
control group A and experimental group B were 
given water via oral gavage (to ensure ingestion 
of Aspirin), once a day, for 60 days. Whereas 
experimental groups C and D were given almond 
oil (oil extracted after removing peel of almonds) 
and finely ground almonds (with peel), respec-
tively, via oral gavage, once a day, for 60 days. 
Finely granular almonds were prepared by grad-
ually grinding raw almonds in electric grinder 
and were administered via oral gavage, by 
diluting it in water9. Almond oil was extracted 

using commercially available oil press machine10. 
ASA solution was prepared such that 0.83ml of 
ASA solution contained dose equaling 400 mg/ 
kg body weight11. Prior to the administration of 
ASA on 60th day, the experimental groups were 
deprived of food for 24 hours but were given free 
access to water. At 60th day, 0.83ml of ASA solu-
tion was given, via oral gavage, to induce gastric 
ulcers in animals of experimental groups B, C  
and D. Type of epithelium, apical erosion and 
height of epithelium were assessed under light 
microscope. 

At X40 (High Power Field-HPF), type of 
epithelium of stomach of mice was recorded       
as simple columnar or apical erosion or simple 
cuboidal. Apical erosion was defined as loss of 
surface integrity. 

Epithelial height was measured by observing 
three high power fields (HPF), by considering 
three equally spaced fields from periphery to     
the center of slide, per specimen. In each HPF,  
ten adjacent epithelial cells were measured for 
epithelial height. The height of each cell was 
measured from the basement membrane until the 
apex of the cell facing the lumen at X40. Images 
were taken from each slide with the help of 
Olympus digital camera (10-mega pixel), stylus 
1010 were used through the ocular of the Olym-
pus DP21 light microscope. The images were   
then transferred in the computer. Each image was 
opened in Image J v1.4812. In Imagej, scale was set 
to measure the height in micrometer and epithe-
lial height was calculated at X40 (HPF). Measure-
ment tool „Straight‟ was selected and the height 
to be measured was calculated by drawing a 
straight line from thin basement membrane of 
epithelium to apex of cell, the measurement was 
then analyzed and recorded. Result was expres-
sed as mean for each specimen in micrometers13. 

SPSS-21 was used for data analysis. ANOVA 
test was applied for intergroup comparison of 
quantitative variable (height of epithelium) follo-
wed by post-hoc Tukey‟s HSD that was taken     
as mean and standard deviations (Mean ± SD). 
Qualitative variable (height of epithelium) was 
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presented by frequency and percentages. Chi 
square test was applied for comparison of quali-
tative variables (type of epithelium and presence 
of apical erosion). The p-value ≤0.05 was consi-
dered to be indicative of statistical significant. 

RESULTS 

Type of epithelium of stomach of mice was 

recorded as tall columnar epithelium in all ten 
specimens of control group A. In experimental 
group B, 8 out of 10 (80%) specimens had apical 
erosion and rest of the two (20%) showed simple 

columnar epithelium. On intergroup comparison 
it was statistically significant with control group 
A (p=0.001), and experimental groups C (p=0.025) 
and D (p=0.007). In group C, epithelium was 
recorded as simple columnar in 7 out of 10 (70%) 
cases whereas three (30%) showed apical erosion. 

On intergroup comparison it was statistically 
insignificant with groups A (p=0.060) and D (p= 
0.606) and statistically significant with experi-
mental group B (p=0.025). Whereas in experimen-
tal group D, epithelium was simple columnar in 8 
out of 10 (80%) cases and rest of the two (20%) 
had apical erosion of mucosal epithelium Figure-

1 & 2. On intergroup comparison it was found to  
be statistically significant with group B (p=0.007) 
and statistically insignificant with groups A 
(p=0.136) and C (p=0.606). 

In control group A, mean and SD of epithe-
lial height was 4.02 ± 0.69μm. Mean and SD of 
epithelial height of specimens of group B was 
1.40 ± 1.13μm. On comparison with group A, epi-
thelial height was significantly reduced in group 
B (p<0.001). Mean and SD of epithelial height      
of experimental group C was 2.27 ± 0.51μm and 
was statistically significant on comparison with 
groups A (p=0.001) and D (p=0.025). Whereas in 

 
Figure-1: Photomicrographs at x400 (H & E) showing type of epithelium (Red arrow heads) in control group A 
and experimental groups B, C & D. (a-columnar epithelium, b-distorted epithelium, c-columnar epithelium, 
d-columnar epithelium). 

 

 
Figure-2: Clustered column chart showing compa-
rison of frequency of type of epithelium in control 
group A and experimental groups B, C and D. 

 

Table-I: Mean ± SD of height of epithelium of 
control and experimental groups. 

Groups 
Height of 

Epithelium 
(Mean ± SD) 

A (Control group) 4.02 ± 0.69 

B (Aspirin group) 1.40 ± 1.13 
C (Almond oil plus Aspirin 
group) 

2.27 ± 0.51 

D (Finely granular almonds 
and Aspirin group) 

3.47 ± 1.07 
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experimental group D, mean and SD of epithelial 
height was 3.47 ± 1.07μm. On intergroup com-
parison, it was statistically significant with group 
B (p<0.001) and group C (p=0.025) Table-I & II. 
The height of epithelium was improved when 

comparison of group B was done with groups D 
(p=0.001) and A (p<0.001). When groups C and D 
were compared with each other, group D showed 
improved protection as compared to group C 

(p=0.025) Table-II. 

DISCUSSION 

On histomorphological examination, type of 
epithelium of stomach, experimental group B had 
apical erosion which was statistically significant 
with control group A and experimental group D. 
Whereas there was no statistically significant diff-
erence in comparison with experimental group C 
which contained almonds oil extracted after 
removing skin/peel of almonds. While the expe-
rimental group D was statistically significant 
with unprotected group B. This shows that 
Prunus dulcis offered protective effect in group D 
by preserving the epithelium due to additional 
protection offered by prebiotic properties of 
almond skin/peel which was present in finely 
granular almonds and was absent in almond oil. 
Similar findings were observed in in-vivo study 

conducted on intestines as seen in previous 
study14,15. 

Epithelium height considerably reduced in 
unprotected group B, while the mean epithelial 
height in protected groups C and D increased 
when compared with unprotected group B. On 
comparing p-values of experimental groups, it 
was observed that group D had more protection 
as compared to groups C (p=0.025) and B 
(p<0.001), indicating trend of epithelial restora-
tion and regeneration. The underlying factor 
responsible for more protection to group D can be 
due to Transforming Growth Factor-α (TGF-α). 
TGF-α is a ligand for epidermal growth factor 
receptor, activates a signaling pathway for cell 
proliferation, differentiation and development. In 
stomach, it is produced in normal gastric mucosa 
and has shown to inhibit gastric acid secretion16. 
Biochemical analysis of almond skin in previous 
studies, show presence of nine phenolic com-
pounds17,18 imparting it the anti-oxidative 

properties19. 

CONCLUSION 

Prunus dulcis provides protection, to gastric 
epithelium, against gastric ulcers induced by 
non-steroidal anti inflammatory drugs. In 
addition, finely granular almonds provided 
better protective outcome in comparison with 
almond oil. 

CONFLICT OF INTEREST 

This study has no conflict of interest to be 
declared by any author. 

REFERENCES 

1. Wallace JL. Mechanisms, prevention and clinical implications of 
nonsteroidal anti-inflammatory drug-enteropathy. World J 
Gastroenterol 2013; 19(12): 1861-76. 

2. Frolich JC. A classification of NSAIDs according to the relative 
inhibition of cyclooxygenase isoenzymes. Trends Pharmacol Sci 
1997; 18(1): 30-34. 

3. Agambar L, Flower R. Anti-inflammatory Drugs: History and 
mechanism of action. Physiother 1990; 76(4): 198-02. 

4. Matsui H, Shimokawa O, Kaneko T, Nagano Y, Rai K & Hyodo 
I. The pathophysiology of non-steroidal anti-inflammatory drug 
(NSAID)-induced mucosal injuries in stomach and small 
intestine. J Clin Biochem Nutr 2011; 48(2): 107-11. 

5. Adams DH. Sleisenger and Fordtran's Gastrointestinal and Liver 
Disease. Gut 2007; 56(8): 1175-81. 

6. Koizumi S, Odashima M, Otaka M, Jin M, Linden J, Watanabe S, 
et al. Attenuation of gastric mucosal inflammation induced by 

Table-II: One-way ANOVA with post-hoc Tukey’s 
HSD showing comparison of mean difference and 
p-value of height of epithelium in control group A 
and experimental groups B, C and D. 

Groups Groups 
Mean 

Difference 
p-value 

(Significance)* 

A B 2.624000 0.001 

 C 1.748000 0.001 

 D 0.555000 0.515 

B A -2.624000 0.001 

 C -0.876000 0.145 

 D -2.069000 0.001 

C A -1.748000 0.001 

 B 0.876000 0.145 

 D -1.193000 0.025 

D A -0.555000 0.515 

 B 2.069000 0.001 

 C 1.193000 0.025 
*p-value <0.05 is statistically significant. 



Prunus Dulcis  Pak Armed Forces Med J 2020; 70 (2): 333-37 

337 

indomethacin through activation of the A2A adenosine receptor 
in rats. J Gastroenterol 2009; 44(5): 419-25. 

7. Calixto JB, “Twenty-five years of research on medicinal plants   
in Latin America: a personal view,” J Ethnopharmacol 2005; 100  
(1-2): 131-34. 

8. Londonkar RL, Poddar PV. Studies on activity of various 
extracts of Mentha arvensis Linn against drug induced gastric 
ulcer in mammals. World J Gastrointest Oncol 2009; 1(1): 82-88. 

9. Kodad O, Socias ICR. Variability of oil content and of major fatty 
acid composition in almond (Prunus amygdalus Batsch) and its 
relationship with kernel quality. J Agricul Food Chemis 2008; 
56(11): 4096-5001. 

10. Martínez ML, Penci MC, Marin MA, Ribotta PD, Maestri DM. 
Screw press extraction of almond (Prunus dulcis (Miller) DA 
Webb): Oil recovery and oxidative stability. J Food Eng 2013; 
119(1): 40-45. 

11. Ajaikumar KB, Asheef M, Babu BH, Padikkala J. The inhibition 
of gastric mucosal injury by Punicagranatum L. (pomegranate) 
methanolic extract. J Ethnopharmacol 2005; 96(1-2): 171-76. 

12. Schneider CA, Rasband WS, Eliceiri KW. NIH Image to ImageJ: 
25 years of image analysis. Nat Method 2012; 9(7): 671-75. 

13. Yardley JH, Bayless TM, Norton JH, Hendrix TR. Celiac disease: 
a study of the jejunal epithelium before and after a gluten-free 

diet. New Eng J Med 1962; 267(23): 1173-79. 
14. Liu Z, Wang W, Huang G, Zhang W, Ni L. In vitro and in vivo 

evaluation of the prebiotic effect of raw and roasted almonds 
(Prunus amygdalus). J Sci Food Agric 2016; 96(5): 1836-43. 

15. Liu Z, Lin X, Huang G, Zhang W, Rao P, Ni L. Prebiotic effects 
of almonds and almond skins on intestinal microbiota in healthy 
adult humans. Anaerobe 2014; 26(1): 01-06. 

16. Coffey RJ, Gangarosa LM, Damstrup L, Dempsey PJ. Basic 
actions of transforming growth factor-alpha and related pep-
tides. Eur J Gastro Hepa 1995; 7(10): 923-27. 

17. Sang S, Lapsley K, Jeong WS, et al. Antioxidative phenolic com-
pounds isolated from almond skins (Prunus amygdalus Batsch). 
J Agri Food Chem 2002; 50(8): 2459-2463. 

18. Mandalari G, Tomaino A, Arcoraci T, Martorana M, Turco VL, 
Cacciola F, Rich GT, Bisignano C, Saija A, Dugo P, Cross KL, 
Parker ML, Waldron KW & Wickham MSJ. Characterization      
of polyphenols, lipids and dietary fibre from almond skins 
(Amygdalus communis L.). J Food Compos Anal 2010; 23(2): 
166-174. 

19. Mandalari G, Nueno-Palop C, Bisignano G, Wickham MSJ.,  
Narbad A. Potential Prebiotic Properties of Almond (Amyg-
dalus communis L.) Seeds. Applied Environmental Microbiol 
2008; 74(14): 4264–4270. 

 
 


