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A B S T R A C T   

This study examined the changes in haematological and biochemical variables in response to gastric mucosa 
injury in male Wistar rats divided into four groups according to their ages (3, 6, 12, and 18 months). 0.2 ml of 
acetic acid was injected intraluminal into the stomach glandular portion of each rat for 45 seconds under 
anaesthesia. Collection of blood and stomach samples occurred on days 3, 7, 14 and 21 post-induction of gastric 
ulcer. The results obtained from this study showed 100 % area of gastric mucosa healed in 3-month old rats, 
91.72 %, 68.52 % and 62.81 % area of mucosa treated in 6, 12 and 18-month old rats respectively on day 21 
post-induction of gastric ulcer. Increased circulation of blood cells in younger rats occurred, neutrophil- 
lymphocyte ratio (NLR) was decreased in younger rats (3 and 6 months) significantly (p < 0.05) when 
compared to older rats (12 and 18 months). Lipid peroxidation and glutathione (GSH) levels were elevated in 
older rats (12 and 18 months) significantly (p < 0.05) when compared to younger rats (3 and 6 months). In 
comparison, superoxide dismutase (SOD) and catalase levels were decreased in older rats (12 and 18 months) 
significantly (p < 0.05) when compared to younger rats (3 and 6 months). Histological evaluation showed ev-
idence of early healing with re-epithelialisation and angiogenesis in younger rats, but older rats showed delayed 
healing. The study showed that the slower rate of healing of gastric ulcer with advancing age in rats might be due 
to reducing circulating blood cells and anti-inflammatory activities during healing via a lipid peroxidation- 
dependent mechanism.   

1. Introduction 

Ageing is a complex process involving a continuous decline of 
physiological cohesion, as a result of gradual build-up of molecular 
damage developing into cellular impairment, followed by system and 
organ damage, which increases the susceptibility to death [1]. The 
complexity of ageing is highlighted by several hallmarks such as altered 
intercellular communication, cellular senescence, deregulated nutrient 
sensing, epigenetic alterations, genomic instability, proteostasis deple-
tion, mitochondria disorder, stem cell exhaustion and telomere attrition 
[1]. The genetic mechanism regulating the process of ageing is crucial in 
the quest to counter age-related diseases, particularly cardiovascular 
diseases, neurodegenerative diseases and cancer [2]. 

The reactive oxygen species (ROS) are generated throughout the 
lifespan as a result of the overproduction of free radicals by ageing 
mitochondria and reduced antioxidant defences [3,4]. Literature has it 
that ROS, such as superoxide anions, hydrogen peroxide and hydroxyl 
radicals are involved in the pathogenesis of several human diseases. The 
diseases include neurodegenerative disorders, viral infections, inflam-
mation, autoimmune pathologies, as well as gastrointestinal pathologies 
such as gastrointestinal inflammation and gastric ulcer [5,6]. 

A peptic ulcer is an interruption in the lining of the gastric or 
duodenal mucosa, which extends to the muscularis mucosae and exposes 
the submucosa [7]. The incidence of many gastrointestinal dysfunctions, 
including gastric and duodenal ulcers, increases with age [8,9]. These 
dysfunctions may be due to alteration of the defence and repair 
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processes, for example, anyone above 60 years of age has a 3-fold 
increased possibility of developing gastrointestinal complications 
following the introduction of nonsteroidal anti-inflammatory drugs 
(NSAIDs) compared to younger individual [10]. Commonly used drugs 
by the elderly affect the integrity of the gastrointestinal tract. These 
drugs include; tranquilisers, psychotropic drugs, diuretics, laxatives, 
antibiotics, and glucocorticoids [10]. Antiulcerogenic drugs, for 
example, proton pump inhibitors (lansoprazole and omeprazole) tend to 
cause acute nephritis [11] and hepatitis [12,13], which shows a rela-
tionship between gastric ulcer, age, reactive oxygen species and anti-
ulcerogenic drugs. 

Alanine aminotransferase and aspartate aminotransferase (ALT and 
AST) and alkaline phosphatase (ALP) are relevant biomarkers of liver 
functions [14,15]. Increase in the activities of these enzymes in the plasma 
or serum of rats and mice by acute emotional stress has been suggested to 
result from damage to various tissues, including gastric tissues [16]. The 
decrease in ALP activity, in particular, seems to be a general property of all 
chemicals which are known to provoke severe ulcer, and this decrease is 
more relevant to peptic ulcer healing than pathogenesis [17]. 

White blood cells (WBC) are found in various parts of the body, 
including the blood, lymphoid organs (including lymph nodes, the 
spleen, Peyer’s patches, adenoids and tonsils, and mucosal-associated 
lymphoid tissue) and other organs of the body [18,19]. Alteration of 
blood leukocytes, specifically neutrophils, has commonly been attrib-
uted to inflammation [20]. Neutrophil to lymphocyte count ratio (NLR) 
has been proposed as independent predictors of various clinical prob-
lems whose pathogenesis involve inflammation [21–23]. Gastric ulcer 
healing is a genetically programmed repair process. The process includes 
inflammation, cell proliferation, re-epithelialisation, and formation of 
granulation tissue, angiogenesis, and scar formation [24]. Therefore 
markers of inflammation such as NLR and leucocyte counts are impor-
tant in assessing the gastric ulcer healing process. 

Previous studies have shown that natural repair processes of the 
gastric mucosa are more likely to be completed in relatively shorter time 
in younger rats when compared with older rats [25]. Therefore this 
study investigates the age-related changes of some haematological and 
biochemical variables in the response of the rat gastric mucosa to acetic 
acid ulceration in an attempt to elucidate further the mechanism by 
which age alters gastric ulcer healing. 
2. Materials and methods 

2.1. Experimental animals 

The animals used in this experiment were eighty male Wistar rats (ages 
3, 6, 12, and 18 months). The rat’s age in human years, as reported by 
previous researchers [26,27] was used in the selection of the groups for this 
experiment. Three months represent the puberty (12–16 years), six months 
stand for the period of social maturity (16–20 years), twelve months 
describe the young adult (25–35 years) and eighteen months are the older 

adults (40–50 years). Animals were bred (especially to monitor their age) 
with the parent stock obtained from the Central Animal House, Depart-
ment of Physiology, University of Ibadan, and Oyo-state, Nigeria. The rats 
were kept in wire meshed cages and fed with standard commercial rat 
pellets (Ladokun Feeds Limited, Nigeria) having access to water ad libitum. 
The rats were after that separated into four groups according to their ages 
each group containing 20 rats. Animals received humane care, and all 
procedures in this experiment are in accordance to the guiding principles 
for research on animals as advocated by the Pronouncement of Helsinki 
and the principles guiding the use and care of animals [28]. The protocol; 
of the study was approved by the Department of Planning, Research and 
Statistics Division of the Ministry of Health Oyo-State, Nigeria (Approval 
Number: AD 13/479/452). 

2.2. Acetic acid induced-ulceration 

Gastric ulcers were induced using acetic acid following the method 
described by Ajayi et al. [29] with a little modification. There was no 
food in the animal’s cages 24 h before the induction procedure, and then 
the stomach of each rat was exposed under anaesthesia [a mixture of 
xylazine (0.0005 ml/g b.w) and ketamine (0.0015 ml/g b.w)] by per-
forming laparotomy through a midline epigastric incision. The epithelial 
wall of the stomach clamped with a pair of eye forceps rings, and 0.2 ml 
of acetic acid (40 % v/v distilled water) injected into the intra-luminal 
glandular portion of the stomach and withdrawn after 45 s. The stom-
ach was bathed with normal saline to prevent tissue adherence, the 
abdomen sutured back, and rats were allowed to recover. All the animals 
received the same feed throughout the experiment, and samples were 
collected on days 3,7,14 and 21 post inductions. n = 5 and n represent 
the number of rats used for a particular test (Fig. 1). 

2.3. Ulcer area estimation 

We determined Gastric Ulcer areas in mm2 on days 3, 7, 14, and 21 
post-induction of ulcer. Five rats were taken from each group on each 
day and sacrificed by cervical dislocation, and stomach was removed, 
then opened along the greater curvature, rinsed with normal saline and 
pinned on a corkboard. Measurement of the macroscopic ulcer area was 
with the aid of a 2X magnification hand lens. Then the ulcerated area 
was taken and calculated employing the collection of guiding principles 
of Drug administration of The Ministry of Health (MOH) Beijing, 1993 as 
reported by Salami et al. [30] with the formula below:  

S = π (d1/2) × (d2/2),                                                                            

S represents the ulcerated area (mm2), d1 represents the longest 
longitudinal diameter of the measured ulcer, and d2 stands for the 
longest transverse diameter of the measured ulcer. 

The percentage of the area of ulcer healed was calculated as 
described by Adeniyi et al. [31]:   

Percentage area healed on day7 =
Area of an ulcer on day3 − the area of an ulcer on day 7

Area of an ulcer on day 3
× 100   

Percentage area healed on day 14 =
Area of an ulcer on day3 − the area of an ulcer on day 14

Area of an ulcer on day 3
× 100   
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2.4. Haematological estimation 

Haemoglobin (HB) content, red blood cell count (RBC) white blood 
cell count (WBC), platelet (PLT) count, and WBC differentials (neutro-
phils, monocytes, lymphocytes, basophils and eosinophil) were analysed 
according to the standard techniques described by Baker et al. [32] and 
Cheesbrough [33]. The neutrophil count was divided by the lymphocyte 
count to get the Neutrophil-lymphocyte ratio. 

2.5. Serum biochemical parameters 

Blood samples of each animal collected by cardiac puncture were 
allowed to clot for 45 min. at room temperature. Serum separated by 
centrifugation at 4000 rpm for 5 min and analysed for biochemical pa-
rameters. The parameters include Serum AST and ALT by the colouri-
metric method [34]. ALP activity enzymes were determined using 
Randox Test kits (Randox Laboratories Ltd, Crumlin England, UK) ac-
cording to the previously described method [35]. Total protein was 
established by the method described by Brai et al. [36], creatinine was 
determined using the method described by Barakat, and Mahmoud [37] 
and urea was estimated using a standard method [38]. 

2.6. Determination of lipid peroxidation status 

Assessment of lipid peroxidation in stomach tissue homogenate was 
carried out following the procedure described by Varshney, and Kale 
[39]. This was based upon the reaction of malondialdehyde (MDA) 
generated as a result of lipid peroxidation with thiobarbituric acid (TBA) 
producing a pink coloured MDA-TBA adduct that absorbs strongly at 

532 nm. MDA was calculated for each sample, as described in a previous 
report by Ajayi et al. [40]. 

2.7. Determination of superoxide dismutase 

A method initially described by Misra and Fridovich [41] as reported 
by Magwere et al. [42] was employed. The homogenate was supple-
mented with 2.5 ml of carbonate buffer, followed by equilibration room 
temperature; 0.3 ml of 0.3 nM epinephrine solution was then added to 
the reference and test solution, followed by mixing and reading of 
absorbance at 420 nm. 

2.8. Assay of catalase activity 

Catalase activity in the gastric tissue was determined according to 
the method followed by Öztürk and Demir [43] as reported by Arun 
et al. [44]. 

2.9. Assay of total tissue sulfhydryl (thiol) group (reduced glutathione 
level) 

The determination of total tissue sulfhydryl (thiol) group was carried 
out according to the method reported by Gietler et al. [45]. Gastric tissue 
was scrapped and homogenised in ice-cold phosphate buffer (pH = 8.0) 
medium. The tissue homogenate centrifuged at 3,000 rpm for 10 min., 
and the supernatant collected for the experiment. The tissue supernatant 
then reacted with 10 mM DTNB (5, 5’ –Dithiobis-2-nitrobenzoic acid) of 
pH 7.0. The resulting suspension was mixed thoroughly and kept at 
room temperature for 20 min.. The absorbance measured at 412 nm in 
an ultraviolet-visible spectrophotometer and 2 mM of reduced GSH used 
as standard. 

Fig. 1. Schematic diagram of age-related gastric ulcer induction.  

Percentage area healed on day 21 =
Area of an ulcer on day3 − the area of an ulcer on day 21

Area of an ulcer on day 3
× 100   
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2.10. Histological processing and examination 

The histological study carried out, as described by Akintola [46]. 
Small sections of the stomach were taken and placed in 10 % formalin 
for histological analysis. The fixed part cut into five μm sections, after 
that stained with hematoxylin and eosin. The stained sections assessed 
for any inflammatory/other pathologic changes, including infiltration of 
cells, necrosis or damage to the nucleus or tissue structures. 

2.11. Statistical analysis 

All values presented as Mean ± SEM (standard error of the mean), n 
= 5, and n stand for the number of rats made use of for a particular 
study. The statistical significance of the differences among the groups 
was carried out employing the one-way analysis of variance (ANOVA). 
Whereas the value of P < 0.05 was considered significant. 

3. Results 

3.1. Effect of age on ulcer area 

Fig. 2 showed that the area of gastric mucosa healed in 3-months old 
rats was significantly greater than that obtained for the other age groups 
on days 7 and 14. On day 21, the rats aged three months had gastric 
mucosa which completely healed (100 %), while 6, 12 and 18-month old 

rats had 91.72 %, 68.52 % and 62.81 % area of mucosa recovered 
respectively. 

3.2. Effect of age on haematological parameters 

RBC and PLT counts of younger (3 and 6-month old) rats were 

Fig. 2. Age-related changes in the percentage area of ulcer healed on days 7, 14, and 21 post-induction of ulcer. 
Bars with different alphabets are statistically different at p < 0.05. 

Fig. 3. Age-related changes in the Red Blood Cells concentration of rats on days 
7, 14, and 21 post-induction of ulcer. 
Bars with different alphabets are statistically different at p < 0.05. 

Fig. 4. Age-related changes in the Haemoglobin concentration of rats on days 
7, 14, and 21 post-induction of ulcer. 
Bars with different alphabets are statistically different at p < 0.05g/dL = grams 
per deciliter. 

Fig. 5. Age-related changes in White Blood Cells concentration of rats on days 
7, 14, and 21 post-induction of ulcer. 
Bars with different alphabets are statistically different at p < 0.05. 
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significantly (p < 0.05) higher than that of the older (12 and 18-month 
old) rats during the healing of the gastric ulcer 

(Fig. 3 and Fig. 6). HB contents of younger (3 and 6 months) rats 
were significantly (p < 0.05) higher than that of the older (12 and 18- 
month old) rats on days 7 and 21 after ulcer induction (Fig. 4). WBC) 
count decreased significantly (p < 0.05) with advancing age of the rats 
during acetic acid-induced ulcer healing as shown by Fig. 5. NLR 
reduced with increasing age after induction of ulcer with acetic acid on 
day 3, and as healing progresses, NLR declined in younger rats (three 
and six months) when compared to older ones (12 and 18 months) on 
days 7, 14 and 21 as shown by Table 3. 

3.3. Serum Biochemical parameters after induction of gastric ulcer 

The total serum protein significantly (p < 0.05) decreased in older 
rats when compared to the younger ones after the induction of ulcer with 
acetic acid, as shown by Fig. 7. 

Activities AST and ALT increased significantly (p < 0.05) in older 
rats compared with younger ones during the healing period. ALP ac-
tivities decreased significantly (p < 0.05) in younger rats for healing to 
take place and particularly in the 3-month old rats as shown by Table 1. 

Serum urea level after induction of gastric ulcer with acetic acid 
increased with advancing age; this difference was only significant (p <
0.05) on day 21. While Serum creatinine level after induction of gastric 
ulcer with acetic acid significantly (p < 0.05) increased with advancing 
age throughout the healing period as shown by Table 2. 

Fig. 6. Age-related changes in the concentration of Platelets on days 7, 14, and 
21 post-induction of ulcer. 
Bars with different alphabets are statistically different at p < 0.05. 

Fig. 7. Age-related changes in Serum Total Protein concentration of rats on 
days 7, 14, and 21 post-induction of ulcer. 
Bars with different alphabets are statistically different at p < 0.05. 

Table 1 
Age-related changes in liver enzymes concentration following induction of 
gastric ulcer with acetic acid.   

Groups Day 3 Day 7 Day 14 Day 21 

AST 
(IU/ 
L) 

3 
months 

37.80 ±
0.49a 

39.00 ±
0.63b 

37.00 ±
0.63a 

36.80 ±
0.49a  

6 
months 

41.80 ±
0.20b 

39.80 ±
0.49b 

39.80 ±
0.73b 

37.40 ±
1.47a  

12 
months 

45.20 ±
0.49c 

45.20 ±
0.49c 

40.20 ±
0.49b 

42.00 ±
1.23b  

18 
months 

44.40 ±
0.75c 

44.60 ±
1.40c 

40.00 ±
0.63b 

40.20 ±
1.02b 

ALT 
(IU/ 
L) 

3 
months 

28.20 ±
0.49a 

27.00 ±
0.63a 

27.80 ±
0.49a 

25.20 ±
0.49c  

6 
months 

31.40 ±
0.25b 

29.60 ±
0.98a 

28.40 ±
0.98a 

27.60 ±
0.98a  

12 
months 

33.00 ±
0.63b 

32.40 ±
0.24b 

28.80 ±
0.73a 

27.80 ±
0.73a  

18 
months 

32.80 ±
0.49b 

31.60 ±
0.75b 

28.60 ±
0.87a 

27.80 ±
0.37a 

ALP 
(IU/ 
L) 

3 
months 

122.40 ±
0.75a 

97.60 ±
1.47c 

94.00 ±
0.63c 

78.40 ±
1.47d  

6 
months 

128.40 ±
0.40b 

123.20 ±
1.72a 

121.20 ±
0.74a 

97.00 ±
3.67c  

12 
months 

123.20 ±
3.60a 

112.40 ±
2.69a 

116.80 ±
0.49a 

109.20 ±
1.96a  

18 
months 

128.80 ±
0.49b 

115.20 ±
4.02a 

119.80 ±
1.56a 

108.20 ±
2.58a 

Figures with different superscripts are significantly different at P<0.05. 
Legend: Aspartate Aminotransferase (AST); Alanine Aminotransferase (ALT); 
Alkaline Phosphatase (ALP). 

Table 2 
Age-related changes in Creatinine and Urea concentration in serum of rats 
following induction of gastric ulcer with acetic acid.   

Groups Day 3 Day 7 Day 14 Day 21 

Creatinine 
(mg/dL) 

3 
months 

0.44 ±
0.02a 

0.40 ±
0.06a 

0.42 ±
0.05a 

0.40 ±
0.06a  

6 
months 

0.68 ±
0.07b 

0.76 ±
0.10b 

0.56 ±
0.02b 

0.62 ±
0.05b  

12 
months 

0.70 ±
0.63b 

0.80 ±
0.03b 

0.58 ±
0.04b 

0.80 ±
0.06b  

18 
months 

0.72 ±
0.09b 

0.80 ±
0.06b 

0.62 ±
0.07b 

0.76 ±
0.03b 

Urea (mg/dL) 3 
months 

14.60 ±
0.25a 

15.00 ±
0.63a 

14.20 ±
0.58a 

13.00 ±
0.13b  

6 
months 

15.40 ±
0.25a 

15.80 ±
0.49a 

15.20 ±
0.58a 

14.80 ±
0.20a  

12 
months 

15.80 ±
0.49a 

16.00 ±
0.32a 

16.20 ±
0.74a 

16.00 ±
0.63a  

18 
months 

16.00 ±
0.32a 

16.20 ±
0.37a 

16.80 ±
0.58a 

16.40 ±
0.25a 

Figures with different superscripts are significantly different at P<0.05. 

Table 3 
Age-related changes in Neutrophil/lymphocyte values of rats following acetic 
acid-induced gastric ulcer healing.  

Groups Day 3 Day 7 Day 14 Day 21 

3 months 0.50 ± 0.02a 0.38 ± 0.03c 0.34 ± 0.02c 0.29 ± 0.03d 

6 months 0.46 ± 0.01b 0.38 ± 0.03c 0.38 ± 0.03c 0.33 ± 0.02c 

12 months 0.45 ± 0.01b 0.49 ± 0.02a 0.43 ± 0.03b 0.35 ± 0.01c 

18 months 0.44 ± 0.00b 0.49 ± 0.02a 0.45 ± 0.02b 0.40 ± 0.03c 

Superscripts a, b, c, d 
= different letters are showing that figures are statistically 

different among groups at p < 0.05). 
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3.4. Effect of age on lipid peroxidation status of stomach tissue during 
healing of the acetic acid-induced gastric ulcer 

Lipid peroxidation decreased in younger rats stomach (3 and 6- 
month old) by obtaining significantly (p < 0.05) lower MDA levels 
compared with the older rats (12 and 18 months old) concentrations 
during the healing period (Fig. 8). SOD concentration in rat’s stomach 

decreased significantly (p < 0.05) with age on days 14 and 21 post- 
induction of ulcer (Fig. 9). GSH concentration in rat’s stomach 
increased significantly (p < 0.05) with advancing age following the 
introduction of gastric ulcer (Fig. 10). Catalase concentration in rat’s 
stomach decreased significantly (p < 0.05) with advancing age 
following experimental gastric ulcer with acetic acid (Fig. 11). 

3.5. Effect of age on histological examination of the stomach tissues 

Histological studies revealed the faster rate of healing in younger 
rats, showing evidence of healing as early as day 7 and was completed by 
day 14, signifying early re-epithelialisation and angiogenesis, unlike the 
delayed ulcer healing observed in older rats. 

Histological changes on day 3. The 3-month old rat showed 
complete ulceration of the mucosal with a bridge of lamina propria, 
showing necrotic debris and inflammatory cells within the wall. In 
contrast, the 6-month old rats showed an edge of ulcer with inflamma-
tory cells in the muscular coat and serosa. 12-month old rats showed the 
side of ulcer with an extensive area of ulceration of the mucosal 
extending into the muscularis propria. But, the 18-month old rats 
showed extensive ulceration extending into the muscularis propria 
(deeper covering more space) defects filled with necrotic debris and 
inflammatory cells (Fig. 12). 

Histological changes on day 7, the 3-month old rat slide showed 
evidence of regeneration of mucosal. Still, glands are disorderly ar-
ranged and residual inflammatory cells seen, the 6-month old rat slide 

Fig. 8. Malondialdehyde (MDA) concentration (nmol/L) of the rat’s stomach during acetic acid-induced gastric ulcer healing. 
Bars with different alphabets are statistically different at p < 0.05. 

Fig. 9. Superoxide Dismutase (SOD) concentration in rat’s stomach during 
acetic acid-induced gastric ulcer healing (Unit/L). 
Bar with different alphabets ars statistically different at p < 0.05. 

Fig. 10. Glutathione (GSH) concentration of rat’s stomach during acetic acid- 
induced gastric ulcer healing (Unit/L). 
Bars with different alphabets are statistically different at p < 0.05. 

Fig. 11. Catalase concentration (Unit/L) in rat’s stomach during acetic acid- 
induced gastric ulcer healing. 
Bars with different alphabets are statistically different at p < 0.05. 
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showed a single layer of regenerating epithelial cells, showing evidence 
of re-epithelialisation. The 12-month old rat is showing the ulcer crata 
filled with inflammatory cells and proliferating capillaries with no evi-
dence of re-epithelisation, and the 18-month old rats showed the edge of 
ulcer, showing numerous polymorphs and proliferating capillaries 
(Fig. 12). 

Histological changes on day 14, the 3-month old rat slide showed 
the full thickness of normal mucosa and submucosa. The 6-month old rat 
slide is showing residual inflammatory (polymorphs) cells in the mucosa 
and submucosa. The stomach of 12-month old rat showed ulceration of 
the mucosal, bridge of lamina propria, necrotic debris and few granu-
lation tissues at the surface. The 18-month old rat showed ulceration of 
the mucosa coat and serosa, with defects filled with inflammatory cells 
(Fig. 12). 

Histological changes on day 21, The 3 and 6-month old rat slides 
showing the full thickness of normal mucosa and submucosa. The 12- 
month old rat slide was showing little evidence of healing but a signif-
icant reduction in the number of inflammatory cells. The 18-month old 
rat slide was showing ulcer crata filled with necrotic debris and few 
inflammatory cells (Fig. 12). 

4. Discussion 

Applications of acetic acid into the intra-luminal glandular portion of 
the stomach of rat resulted in ulcers of consistent size and severity at an 
incidence of 100 %, and highly resemble human gastric ulcer in terms of 
both pathological features and healing mechanisms. Reduced rate of 
healing with increasing age was observed in this study as reported 
earlier by Ajayi and Olaleye [25]. 

The decision on specific treatment for gastric and duodenal ulcers by 
the physician depends on certain factors such as patient’s age, overall 
health status, medical history, the intensity of pathogenesis and toler-
ance for medications [47]. Physiological investigations have shown that 

stress from any source can affect the endocrine, hemopoietic and im-
mune systems [48,49]. Various studies have shown that erythrocytes, 
neutrophils, and platelets count increased, whereas lymphocytes, eo-
sinophils, and monocytes decrease in number as a result of stress [50, 
51]. Considering the relationship between oxidative stress and age, it, 
therefore, become pertinent to investigate the changes in some haema-
tological and biochemical variable during the healing of gastric ulcer in 
rats of different ages. 

Red blood cell and haemoglobin are essential in the process of 
healing of the ulcer; haemoglobin resides in the red blood cell. It is 
responsible for the amount of oxygen carried by the blood which in turn 
gives the amount that will be delivered to the tissue, oxygen availability 
affects all phases of healing and is therefore vital for healing to take 
place [52]. The reduction in Red blood cell count and haemoglobin 
concentration from the administration of aspirin have been observed 
previously in gastric tissue damage [52]. In this study, Red blood cell 
count and haemoglobin concentration increased in younger rats, making 
more oxygen available for the formation of granulation tissue resulting 
in faster healing. 

The body’s cellular defence mechanisms recruited by a biological 
response to the damaged area, accompanied by vascular and neural 
responses are essential in tissue repair [53]. Previous studies showed 
that the natural healing process in the rats would require an immune 
response booster through increased white blood cell production [54]. 
This study observed that the White blood cell counts increased in 
younger rats, unlike the older ones after ulcer induction with acetic acid, 
probably suggesting a higher immune response in younger animals. 

Platelets are vital for wound healing by releasing some growth fac-
tors that can promote angiogenesis through the release of pro- and anti- 
angiogenic elements [55,56]. Formidable angiogenic stimulators such 
as; vascular endothelial growth factor (VEGF), Platelet-derived endo-
thelial growth factor (PDEGF), Epithelial growth factor (EGF) and 
PDEGF stored in platelets, account for the ability of platelets to stimulate 

Fig. 12. Photomicrograph showing changes in the histology of the gastric mucosa post gastric ulcer induction (H&E STAIN, MAG. × 100). 
White arrow = Points to the changes described for each slide. 
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endothelial cell proliferation and capillary-like formation [57]. The in-
crease in platelets count in younger rats after the induction of ulcer 
might be a signal of enhanced angiogenesis process, which in turn ac-
celerates ulcer healing. 

Alkaline phosphatase enzyme plays an essential role in tissue ne-
crosis associated with various gastrointestinal ulceration models such as; 
absolute alcohol and aspirin-induced ulcer while increases in its (ALP) 
activities may occur in damaged tissues [58]. The decreased ALP activity 
is one of the first lines of defence by which the gastroduodenal mucosa 
and the mucous bicarbonate barrier overlying the gastric epithelium 
protect itself [59]. During healing in this study, the activities of these 
enzymes reduced in younger rats with that of the older rats became 
elevated. This observed reduction in the more immature rats might be 
another mechanism by which there was prompt or enhanced ulcer 
healing reported in earlier studies [25]. Increased level of serum urea 
and serum creatinine also reflects cellular damage [60]. While, the 
concentration of new urinary biomarkers such as kidney injury 
molecule-1 (KIM-1), calbindin, and trefoil factor 3 (TFF3) have been 
used to monitor the progression of kidney damage induced by cisplatin 
treatment in cancer patients [61]. The results of this investigation sug-
gest that reductions in urea and creatinine levels seen in younger rats are 
indications of reduced cellular damage. Also could lead to enhance 
gastric ulcer healing, which may also be contributing to the faster 
healing rate seen in 3 and 6- month old rats. 

Neutrophil to lymphocyte ratio (NLR) is an indicator of inflamma-
tory status [62,63], during disease conditions. Recently, the NLR has 
been documented to be increased in inflammatory disorders like 
pancreatitis and ulcerative colitis [64]. Increases in NLR indicate it more 
inflammation occurring, while a decrease suggests reduced inflamma-
tion, which gives rise to improved healing. In this study, as healing 
progressed, younger rats maintained a lower NLR, unlike older rat, 
which suggests a faster cure. The increased inflammation with age may 
be due to the biological processes put in place to remove accumulated 
damaged proteins due to increased oxidative stress in old age; this 
stimulates inflammatory responses leading to chronic inflammatory 
state [65,66]. 

Lipid peroxidation is an activity through which oxidants such as free 
radicals attack (membrane) lipids containing carbon-carbon double 
bond(s) such as polyunsaturated fatty acids [67]. Increased lipid per-
oxidation and breakage of fats result in the formation of reactive com-
pounds leading to alterations in the membrane lipid bilayer 
permeability and fluidity, which affect cell integrity as a result of 
oxidative stress [68]. Thus during gastritis and gastric ulcers, stress is 
inevitable [69], possibly as a result of increased lipid peroxidation. This 
study reveals that gastric tissue of younger rats prevents lipid peroxi-
dation process, resulting in higher enzymatic antioxidant [superoxide 
dismutase and Catalase] levels. These results further shed light on the 
faster rate of healing observed in younger rats in earlier studies by Ajayi 
and Olaleye [25]. It also confirms the role played by increased oxidative 
stress in the healing rate of gastric ulcer of older rats by earlier re-
searchers [65]. Oxidative stress has been documented to be raised in 
elderly subjects, possibly as a result of uncontrolled free radicals pro-
duction by the ageing mitochondria as well as decreased antioxidant 
defences [70]. 

Histological observations revealed early re-epithelialisation of 
gastric mucosa and angiogenesis in younger rats. According to Tar-
nawski et al. [71], ulcer re-epithelialisation is an essential process for 
gastrointestinal ulcer healing, which without restoration of a continuous 
epithelial barrier, the mucosa becomes vulnerable to mechanical or 
chemical injury and infections thereby preventing ulcer healing. Earlier 
reports found that reduced neutrophil infiltration into ulcerated gastric 
tissues has been implicated in the promotion of acetic acid-induced 
chronic ulcer healing in rats [72]. This study is also in agreement with 
these earlier findings. 

5. Conclusion 

The study shows that the slower rate of healing of gastric ulcer with 
age in rats might be due to the reducing circulating blood cells and anti- 
inflammatory activities during healing via a lipid peroxidation- 
dependent mechanism. 

6. Recommendations 

Synolytic drugs, metformin, rapamycin and spermidine with anti- 
ageing properties as well as nicotinamide riboside capable of repairing 
DNA damage, cellular signaling pathways, and eventually improving 
cell physiology could be explored to enhance gastric mucosa healing in 
older rats in subsequent studies [73]. 

Also, non-pharmacological anti-ageing interventions, like lifestyle 
adjustment, caloric restriction, consumption of fruits and vegetables rich 
in antioxidants, intermittent fasting, and exercise [72,74,75] can be a 
consideration for consideration in the quest for the solution to the 
delayed gastric ulcer healing in older individuals. 

Therefore, it is recommended that future studies should be focused 
on making up for the disparity in the healing rate between the older and 
younger rats by investigating the potentials of the drugs mentioned 
above in promoting gastric ulcer healing in older rats. 
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[43] L. Öztürk, Y. Demir, In vivo and in vitro protective role of proline, Plant Growth 
Regul. 38 (3) (2002) 259–264, https://doi.org/10.1023/A:1021579713832. 

[44] A. Ray, S.R. Chaudhuri, B. Majumdar, S.K. Bandyopadhyay, Antioxidant activity of 
ethanol extract of rhizome of Picrorhiza kurroa on indomethacin-induced gastric 
ulcer during the healing, Indian J. Clin. Biochem. 17 (2) (2002) 44–51, https://doi. 
org/10.1007/BF02867970. 

[45] M. Gietler, M. Nykiel, B.M. Zagdanska, Changes in the reduction state of ascorbate 
and glutathione, protein oxidation and hydrolysis leading to the development of 
dehydration intolerance in Triticum aestivum L. Seedlings, Plant Growth Regul. 79 
(2016) 287–297, https://doi.org/10.1007/s10725-015-0133-z. 

[46] A.O. Akintola, B.D. Kehinde, J.O. Fakunle, A.F. Ajayi, Synergistic and ameliorative 
effect of honey and coconut water on crude oil induced toxicity in rats, Res. J. 
Environ. Toxicol. 12 (1) (2018) 24–33, https://doi.org/10.3923/rjet.2018.24.33. 

[47] University of Chicago Medical Centre Website, Online Library (UCMC), Digestive 
Disorder; Stomach and Duodenal Ulcer (Peptic Ulcer), The University of Chicago 
Medical centre, 2013. www.uchospitals.edu/online-library/content=p00394. 

[48] M. Maes, M. Vander Planken, A. Van Gastel, Influence of academic stress on 
haematological measurements in subjectively healthy volunteers, Psychiatry Res. 
80 (1998) 201–212. 

[49] D. Benoit, L. Esa, G. Ralph, The driving test as a stress model: effects on blood 
picture, serum cortisol and the production of interleukins in man, Life Sci. 68 (14) 
(2001) 1641–1647, https://doi.org/10.1016/s0024-3205(01)00963-8. 

[50] F.S. Dhabhar, A.H. Miller, B.S. McEwen, R.L. Spencer, Effects of stress on immune 
cell distribution. Dynamics and hormonal mechanisms, J. Immunol. 154 (10) 
(1995) 5511–5527. 

[51] R.H. Asmah, G. Yeboah, H. Asare-Anane, S. Antwi-Baffour, T.N. Archampong, C. 
A. Brown, G. Amegatcher, D.N. Adjei, B. Dzudzor, J. Akpalu, P.F. Ayeh-Kumi, 
Relationship between oxidative stress and haematological indices in patients with 
diabetes in the Ghanaian population, Clin. Diabetes Endocrinol. 1 (7) (2015), 
https://doi.org/10.1186/s40842-015-0008-2. 

[52] M.A. Adefisayo, R.O. Akomolafe, S.O. Akinsomisoye, et al., Gastroprotective effect 
of methanol extract of Vernonia amygdalina (del.) leaf on aspirin-induced gastric 
ulcer in Wistar rats, Toxicol. Rep. 4 (2017) 625–633, https://doi.org/10.1016/j. 
toxrep.2017.11.004. 

[53] O. Takeuchi, S. Akira, Pattern recognition receptors and inflammation, Cell 140 (6) 
(2010) 805–820, https://doi.org/10.1016/j.cell.2010.01.022. 

[54] V.T. Paul, M. Christopher, E. George, O. Enow, D. Theophile, N. Barthelemy, 
Healing effect on chronic gastric ulcers and short-term toxicity profile of the leaf 
methanol extract of Ocimum suave wild (Lamiaceae) in rats, African Journal, Afr. 
J. Tradit. Complement. Altern. Med. 2 (3) (2005) 312–325. 

[55] L. Ma, S.N. Elliott, G. Cirino, A. Buret, L.J. Ignarro, J.L. Wallace, Platelets modulate 
gastric ulcer healing: role of endostatin and vascular endothelial growth factor 
release, Proc. Natl. Acad. Sci. U.S.A. 98 (11) (2001) 6470–6475, https://doi.org/ 
10.1073/pnas.111150798. 

[56] E.M. Constanza, C.S. Patricio, A.A. Verónica, The influence of platelet-derived 
products on angiogenesis and tissue repair: a brief update, Front 6 (2015) 290, 
https://doi.org/10.3389/fphys.2015.00290. 

[57] R. Perini, W. McKnight, M. Dicay, A. Klein, M.D. Hollenberg, J.L. Wallace, Roles of 
platelets and proteinase-activated receptors in gastric ulcer healing, Dig. Dis. Sci. 
50 (2005) S12–S15, https://doi.org/10.1007/s10620-005-2801-8. 

[58] E. Mornet, E. Stura, A.S. Lia-Baldini, T. Stigbrand, A. Ménez, M.H. Le Du, Structural 
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