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Abstract: Introduction: The non-steroidal anti-inflammatory drug (NSAID) Indomethacin is widely used 
especially in treatment of osteoarthritis and rheumatoid arthritis. However, it has many side effects; the most 
common of them is gastrointestinalin tolerance and ulceration. Coenzyme Q10 (CoQ10) and Evening primrose (EP) 
were reported to have anti-inflammatory and antioxidant properties. Aim of the Work: To investigate the 
histopathological effects of Indomethacin on the fundic mucosa of adult male albinorats and the possible protective 
role of Coenzyme Q10, Evening primrose and esomeprazole. Materials and Methods: Forty eight adult male 
albino rats were randomized into 5 groups (N=8). Group I (Control). Group II (INDO): received 50 mg/kg of 
indomethacin dissolved in gum acaciaorally. Group III (CoQ10+INDO): received Coenzyme Q10 10mg/kg for 2 
days then INDO on the 2nd day 1 hour after CoQ10. Group IV (EP+INDO): received evening primrose 
intraperitoneally 10g/kg for 2 days then INDO on the2nd day 1 hour after EP. Group V (ESP+INDO (: Subgroup Va 
(low dose): received 5mg/kg/day esomeprazole orally for 2 days then INDO on the2nd day 1 hour after ESP. 
Subgroup Vb (high dose): treated as group Va but received 20mg/kg/dayESP. At the end of the experiment, ulcer 
index and antioxidant parameters were evaluated. The fundic mucosa was processed and stained with H & E, PAS 
stains as well as Caspase-3 and PCNA immunostains. Morphometric measurements and statistical analysis were 
done. Results: Erosions, congestion, extravasated RBCs and inflammatory cell infiltration were detected in fundic 
mucosa of INDO group. In CoQ10+INDO group, EP+INDO and ESO+INDO high dose the structure of the mucosa 
was restored. There was marked increase in mucus secretion, significantly increased ulcer index and decreased 
MDA level. A significant decrease in area % of PAS reaction in INDO group was revealed as compared with the 
other groups. There was a significant increase in area % of Caspase immunoreaction and a significant decrease in 
area % of PCNA expression in INDO group as compared with other groups. Conclusion: Coenzyme Q10, Evening 
primrose and esomeprazole (high dose) can partly protect the fundic mucosa against indomethacin induced damage. 
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1. Introduction 

Gastric ulcer is one of the most common 
disorders of the gastrointestinal tract. It affects 5% of 
the population around the world, so its prevention and 
management are considered very important 
challenges. Researchers have revealed several causes 
of gastric ulcer leading to an imbalance between 
aggressive and intrinsic defensive factors. The 
aggressive factors include non-steroidal anti-
inflammatory drugs (NSAIDs), alcohol, psychological 
stress and Helicobacter pylori infection while 
cytoprotective intrinsic factors include mucosal blood 
flow, bicarbonate, mucus, cell renewal, growth factors 
and prostaglandins (Abourehab, 2017; Escobedo-
Hinojosa et al., 2018). 

Gastric damage induced by NSAIDs is the most 
common and dangerous side-effect of these drugs. 
They account for 25% of gastric ulcer cases. 
Indomethacin is considered to be the most common 
NSAIDs known to induce experimental gastric ulcer. 
It has been documented to have a higher potential to 
cause gastric injury than other commonly-used 
NSAIDs (Varga et al., 2017). 

Coenzyme Q10 (CoQ10), a peculiar lipophilic 
antioxidant, is an essential component of the 
mitochondrial electron-transport chain. It is involved 
in the manufacturing of adenosine triphosphate (ATP). 
It has been linked with improving cognitive functions. 
Previous studies have revealed its possible 
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antiulcerogenic effect on the stomach (Zhang et al., 
2018). 

Evening primrose (EP) is a biennial herb 
originating from Mexico and Central America. 
Throughout the years, it has become a widespread 
plant in Americas, Europe and parts of Asia. The 
Native Americans valued EP stems and leaf juices as 
to alleviate inflammation. Evening primerose has also 
been used in medicine as a remedy for neuralgia, skin, 
liver, kidney and gastrointestinal diseases (Munir et 
al., 2017).  

Esomeprazole (ESP) is a proton-pump inhibitor 
which reduces stomach acid. It is used in the treatment 
of dyspepsia, peptic ulcer disease, gastro esophageal 
reflux disease, and Zollinger-Ellison syndrome (Cho 
et al., 2019). Two doses of ESP were used to detect 
whether the effect of ESP was dose dependent or not. 

Current treatment of gastric ulcer is associated 
with several side-effects, which emphasizes the need 
for new therapeutic modalities. It is believed that the 
therapeutic outcome of Coenzyme Q10 and Primerose 
can be more effective to treat gastric ulcer.  
Aim of the work 

The aim of this study is to investigate the 
possible protective effect of coenzyme Q10, evening 
primrose and esomeprazole on indomethacin induced 
gastric ulcer in adult male albino rats using 
histological and morphometric studies.  
 
2. Materials and methods 
Materials 
Drugs: 

1. Indomethacin: (Indomethacin) from Safe 
pharmaceutical for Pharco Pharmaceuticals in the 
form of soft gelatinous capsules (25 mg). Each capsule 
was dissolved in 5 ml gum acacia solution (each mg of 
gum acasia dissolved in 100 ml of water). Each ml of 
gum acacia solution contained 5mg of indomethacin. 
Each rat received 2 ml of the solution orally 
(indomethacin dose is 10mg/rat) ) Sabiu et al., 2015). 

2. Co-enzyme Q10: (Coenzyme Q10) supplied 
from Arab Company for Pharmaceutical and 
Medicinal plants MEPACO – MEDIFOOD Enshas El 
Raml - Sharkeya - Egypt in the form of gelatin 
capsules (30 mg). Each capsule was dissolved in 3 ml 
of olive oil. Each rat received 0.2 ml of the solution 
intraperitoneally (Ivanov et al., 2014).  

3. Evening primrose: (Primrose Plus) supplied 
from Pharma Plaza Building, Asma Fahmy st., El 
Nozha, Nasr City, Egypt in the form of soft gelatin 
capsules (1000 mg). Each soft gelatin capsule 
contains: Evening primerose oil 1000 mg and Alpha- 
tocopherol acid (GLA). Each rat received 2g 
intraperitoneally (Abo-greesha et al., 2014). 

4. Esomeprazole: (trade name Esomelodan) 
supplied from EVA PHARMA. For Pharmaceutical 

and Medical Appliance S.A.E. Kafr El Gabal - Haram 
-Giza – Egypt in the form of tablets (40 mg). Each 
tablet contains: Esomeprazole magnesium trihydrate 
44.6 mg (equivalent to esomeprazole 40mg). It was 
dissolved in 2 ml of distilled water. Rats of low dose 
group received 0.05 ml. Rats of high dose group 
received 0.2 ml (Sabiu et al., 2015).  
Animals: 

Forty eight adult male albino rats were used in 
this study, 10-12 weeks old, with average weight 
weighing (180-220) gm. The animals were locally 
bred at the Animal House of Faculty of Science, 
Fayoum University in hygienic stainless steel cages 
and in a clean well ventilated room. Standard 
laboratory chow and tap water were available ad 
libitum. The experimental design was approved by the 
animal ethics committee, Faculty of Science, Fayoum 
University.  
Experimental design: 

Rats were randomly divided into five groups, 
housed in separate cages: 

●Group Ι (Control group): included eight rats, 
this group was further subdivided into the following 
equal subgroups: 

Subgroup Ιa: two rats without intervention. 
Subgroup Ιb: two rats received 0.5 ml gum 

acacia dissolved in distilled water (solvent of 
indomethacin) orally using an oral gastric tube on the 
2nd day of experiment (corresponding to groups II & 
IV). 

Subgroup Ιc: two rats were injected with 0.5 ml 
olive oil (solvent of CoQ10) intraperitoneally and on 
the 2nd day received in addition 0.5 ml gum acacia as 
in subgroup Ib (corresponding to group III).  

Subgroup Ιd: two rats received 0.5 ml distilled 
water (solvent of esomeprazole) orally using an oral 
gastric tube and on the 2nd day received in addition 0.5 
ml gum acacia (corresponding to group V). 

Rats were sacrificed at the same time of the 
corresponding experimental groups. 

●Group ΙΙ ( Indomethacin treated group) 
(INDO): included eight rats which received single oral 
dose of 50 mg/kg of indomethacin dissolved in gum 
acacia on the 2nd day of experiment ) Sabiu et al., 
2015). 

●Group ΙΙΙ (Coenzyme Q10 and indomethacin 
treated group) (CoQ10 +INDO): included eight rats 
which were injected intraperitoneally with coenzyme 
Q10 (dissolved in olive oil) in a daily dose 10mg/kg 
(Ivanov et al., 2014) for 2 consecutive days. 
Indomethacin was given on the 2nd day of experiment 
1 hour after the CoQ10. 

●Group IV (Primrose and indomethacin 
treated group) (EP+INDO): included eight rats 
which were injected with evening primrose 
intraperitoneally in a daily dose of 10g/kg (Abo-
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greesha et al., 2014) for 2 consecutive days. 
Indomethacin was given on the2nd day of experiment 1 
hour after the EP. 

●Group V (Esomeprazole and indomethacin 
treated group ): This group was subdivided into 2 
subgroups 8rats each: 

Subgroup  Va (low dose) (ESP 
(a)+INDO): eight rats received 5mg/kg/day of 
esomeprazole (dissolved in distilled water) (Sabiu et 
al., 2015) orally using a gastric tube for 2 consecutive 
days then, indomethacin was given on the 2nd day of 
experiment 1 hour after the ESP. 

Subgroup Vb (high dose) (ESP 
(b)+INDO): eight rats received 20mg/kg/day (Sabiu 
et al., 2015) of esomeprazole (dissolved in distilled 
water) orally using a gastric tube for 2 consecutive 
days then, indomethacin was given on the 2nd day of 
experiment 1 hour after the ESP. 
Ulcer induction: 

Rats were deprived of food but had free access to 
water 24 hours before ulcer induction. Gastric 
ulceration was induced by giving the rats a single oral 
dose of indomethacin (50 mg/kg) dissolved in gum 

acacia on the 2nd day of experiment 1 hour after the 
second dose of prophylaxis. Ulceration was detected 
according to the method of Dawud et al., 2014, 6 
hours after indomethacin administration (Kim et al., 
2011; Abdel-Raheem and Bamagous, 2016). 
Assessment of ulcer: 

After six hours of ulcer induction, the animals 
were anesthetized using injection of thiopental sodium 
50 mg/kg subcutaneously. The abdomen was then 
rapidly dissected, and stomach was removed and 
opened along greater curvature and the gastric content 
was drained into a centrifuge tube then cleansed gently 
with normal saline. Detection of ulcers was done. 
Measurement of ulcer index: 

Ulcers were evaluated using eye piece of the 
microscope. The ulcer score for each group was 
calculated as the mean number of ulcers/stomach/rat in 
each group (Table 1). From these values, an Ulcer 
index (UI) was calculated by multiplying each group’s 
ulcer score x 100. Subsequently, the net preventive 
index was calculated as 100% x (UI of ulcerated group 
- UI of treated group)/UI of ulcerated group (Dawud et 
al., 2014).  

 
Table 1: Ulcer scores and descriptive features (Dawud et al., 2014).  

Score Features 
0 No ulcer 
1 Pin point ulcer and changes limited to superficial layers of mucosa 
2 Ulcer less than 1mm in size 
3 Ulcer more than 1 mm but less than 2 mm in size 
4 Ulcer more than 2 mm or perforated ulcer 

 
After these analyses, specimens were taken from 

fundic area. Then, they were immediately fixed in 
10% formol saline and processed for paraffin blocks. 
Sections of 7 µm thickness were cut and subjected to 
the followings: 

1. Haematoxylin and eosin (H & E) stain 
(Kiernan, 2001).  

2. Periodic acid-schiff (PAS) reaction for 
demonstration of polysaccharides (Kiernan, 2001).  

3. Immunohistochemical detection of Caspase -3 
as a marker of apoptosis (Said et al., 2004).  

4. Immunohistochemical detection of PCNA as a 
marker of cell proliferation (Tiwari et al., 2016). 
Determination of stomach Malondialdehyde 
(MDA): 

MDA level was assessed in tissue homogenate at 
the Biochemistry department of Kasr ElAiny 
University according to Ohkawa et al., (1979). 
Ι -Histological staining 

Hematoxylin & Eosin staining (Kiernan, 
2001). 
II-Immunohistochemical staining (Suvarna et al., 
2012) 
Morphometric Study: 

Using the image analyzer computer system 
(Leica Qwin 500 LTD, Cambridge, UK), the 
following parameters were measured: 

a. The mean area % of PAS reaction.  
b. The mean area % of PCNA and caspase 3 

immunostaining.  
Image analyzer study: 

Data were obtained using “Leica Qwin 500 C” 
image analyzer computer system Ltd. (Cambridge, 
England). The image analyzer consisted of a coloured 
video camera, coloured monitor, hard disc of IBM 
personal computer connected to the microscope, and 
controlled by “Leica Qwin 500 C” software.  

The image analyzer was first calibrated 
automatically to convert the measurement units 
(pixels) produced by the image analyzer program into 
actual micrometer units. Slides were examined under 
the light microscope. 
Statistical Analysis:  

Quantitative data were expressed as group mean 
± SD. The statistical analysis was carried out using 
ANOVA, with SPSS version 16 (SPSS, Chicago, IL, 
USA) (Emsley et al., 2010). 
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3. Results 
a- Ulcer score index (UI) and preventive index: 

The ulcer (INDO) group had an ulcer score of 
20.5 ± 1.7 and UI of 2050. Treated rats with ESP, 
CoQ10, and EP prior to INDO administration showed 
significant decrease in ulcer scores. Rats in the ESP 
group (low dose) had an ulcer score of 15.2±3.1while 
that of the ESP group (high dose) had a mean score of 
3± 0.03. CoQ10 and EP groups had a value of 10± 0.2 

and 9± 0.32 respectively. Based on the calculated 
preventive index, high dose of ESP appeared to have a 
greater gastro-protective effect, with a group UI of 300 
and a net preventive index of 85.3%. In comparison, 
rats of CoQ10 group had UI of 1000 and a net 
preventive index of 51.2%, while that of EP group had 
UI of 900 with a net preventive index of 56%. The low 
dose of ESP had the least net preventive index 25.8% 
(Table 2). 

 
Table 2: Mean±SD of ulcer score, index and the net preventive index. 

Groups Ulcer score Ulcer index Net preventive index 
Control ---- ----- ---- 
INDO 20.5±1.7 2050* 0 
ESP (a)+INDO 15.2±3.1 1520*# 25.8% 
ESP (b)+INDO 3±0.03 300*#@ 85.3% 
CoQ10+INDO 10±0.2 1000*#@ 51.2% 
EP+INDO 9±0.32 900*#@ 56% 
* Significant difference compared to control. 
# Significant difference compared to INDO. 
@ Significant difference compared to ESP (b)+INDO. 
 
b- Determination of oxidative status (measurement of Malondialdehyde MDA) level in tissue homogenate: 
 

Table 3: Mean±SD of MDA level 
Groups MDA (mmol/gm) 
Control 13.8±1.2  
INDO 72.5±3.3* 
ESP (a)+INDO 48.4±5.1*#@ 
ESP (b)+INDO 20.8±2.1*# 
CoQ10+INDO 35.3±4.2*#@ 
EP+INDO 29.5±2.6*#@ 
* Significant difference compared to control. 
# Significant difference compared to INDO. 
@ Significant difference compared to ESP (b)+INDO. 
 
Histological and immunohistochemical results 
Group Ι (control group): 

H & E examination of the fundic sections of the 
stomach of the control rats showed the normal 
architecture of the fundic mucosa. Surface mucus cells 
appeared polyhedral with basal oval nuclei. The gland 
opened by pits which appeared short, narrow, 
perpendicular to the surface. The glands were formed 
of isthmus lined with surface mucus cells, neck lined 
with parietal cells and mucus neck cells, and base 
lined with apparently normal peptic and parietal cells. 
Parietal cell appeared polyhedral with rounded pale 
vesicular nuclei and acidophilic cytoplasm. The bases 
of fundic glands showed normal appearance of 
basophilic peptic cells. Muscular is mucosa was also 
seen (Figs. 5-7). 

The examined fundic section showed strong 
PAS-positive mucus in surface columnar mucus-
secreting cells and extending down into the fundic 
pits. PAS-positive mucus was also seen in the neck 
region (Fig. 8). 

 
Fig. (5): A photomicrograph of fundic section of 
stomach of the control rats showing the normal 
architecture of the fundic mucosa and fundic gland. 
The gland opens by short narrow pits (P) 
perpendicular to the surface. Fundic glands are divided 
into isthmus (I), neck (N) and base (B). Muscularis 
mucosa (M) is also seen. 
(H & E, X100). 

 



 Nature and Science 2019;17(12)   http://www.sciencepub.net/nature   NSJ 

 

224 

The examined fundic section showed faint 
positive cytoplasmic immunoreaction for caspase-3 in 
some cells of fundic gland (Fig. 9). 

The examined fundic section showed a strong 
positive nuclear immunoreaction for PCNA mainly in 
the isthmus region. Moderate reaction was seen in the 
neck region. Few cells in the basal region showed also 
moderate nuclear reaction (Fig. 10). 

 
Fig. (6): A photomicrograph of fundic section of a 
control rat showing fundic glands lined by surface 
columnar mucus secreting cells (curved arrow) and 
polyhedral parietal cells with rounded pale vesicular 
nuclei and acidophilic cytoplasm (thin arrows). Note 
the short gastric pits (P) and some peptic cells 
(interrupted arrows). 
 (H & E, X400). 

 
Fig. (7): A photomicrograph of fundic section of a 
control rat showing basal parts of fundic glands with 
normal appearance of basophilic peptic cells 
(interrupted arrows) and polyhedral parietal cells (thin 
arrows). (H & E, X400). 
 

 
Fig. (8): A photomicrograph of fundic section of the 
control group showing strong PAS-positive mucus in 
surface columnar mucus-secreting cells and extending 
down into the fundic pits (arrow). PAS-positive mucus 
is also seen in the neck region (thick arrow). (PAS, 
X200). 

 
Fig. (9): A photomicrograph of fundic section of the 
control group showing faint positive cytoplasmic 
immunoreaction for caspase-3 in some cells of fundic 
gland (arrow). (Caspase, X200). 
 

 
Fig. (10): A photomicrograph of fundic section of the 
control group showing a strong positive nuclear 
immunoreaction for PCNA mainly in the isthmus 
region (thick arrows). Moderate reaction is seen in the 
neck region (thin arrows). Few cells in the basal 
region show also moderate nuclear reaction (curved 
arrow). (PCNA, X200). 
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Group ΙΙ (Indomethacin-only group (INDO)): 
Examination of the fundic sections showed 

disorganization of normal architecture of fundic gland, 
desquamation, sloughing and multiple deep erosions 
reaching down to muscular is mucosa. The surface 
epithelium was denuded. The surface columnar 
mucus-secreting cells were lost. There was 
disorganization of the normal architecture of the 
fundic glands. Widening of lumen of some glands was 
noticed. Many parietal cells appeared ballooned, 
vacuolated with eccentric pyknotic nuclei. Congestion 
of blood vessels in the mucosa with extravasation of 
RBCs was observed. Distorted bases of fundic glands 
were revealed with degenerative changes of peptic 
cells and parietal cells. The lamina propria showed 
mononuclear inflammatory cells (Figs. 11- 14). 

The examined fundic section showed absence of 
PAS-positive mucus in the damaged areas of mucosa 
with its presence in the neck region) Fig. 15). 

The examined fundic section showed strong and 
widespread positive cyctoplasmic immunoreaction for 
caspase-3(Fig. 16). 

The examined fundic section showed moderate 
positive PCNA immunoreactions (Fig. 17). 

 

 
Fig. (11): A photomicrograph of fundic section in 
INDO group showing disorganization of the normal 
architecture of fundic mucosa, desquamation and 
sloughing (S) of surface epithelium. Multiple deep 
erosions (E) reaching down to muscularis mucosa are 
noted. (H & E, X100). 

 
Fig. (12): A photomicrograph of fundic section in the INDO 
group showing the denuded surface epithelium. The surface 
columnar mucus-secreting cells are lost. Many parietal cells 
appear with vacuolated cytoplasm and eccentric pyknotic 
nuclei (thick arrow). Extravasated RBCs are seen (R). (H & 
E, X400) 
 

 
Fig. (13): A photomicrograph of fundic section of the INDO 
group showing distorted bases of fundic glands with 
degenerative changes of peptic cells (interrupted arrows) and 
parietal cells (thin arrows). Widening of lumen of some 
glands (*). The lamina propria shows inflammatory cells 
(circle). Congestion of blood vessels in the mucosa is 
noticed (C). (H & E, X400). 
 

 
Fig. (14): Higher magnification of the previous section 
showing mononuclear inflammatory cells (pointed arrow).  
(H & E, X1000). 
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Fig. (15): A photomicrograph of fundic section of the INDO 
group showing absence of PAS-positive mucus in the 
damaged areas of mucosa (arrow) with its presence in the 
neck region (thick arrow). (PAS, X200). 
 

 
Fig. (16): A photomicrograph of fundic section of the INDO 
group showing strong and widespread positive cyctoplasmic 
immunoreaction for caspase-3 (arrows).  
(Caspase, X200). 
 

 
Fig. (17): A photomicrograph of fundic section of the INDO 
group showing moderate positive PCNA immunoreactions 
(arrows). (PCNA, X200). 
 
Group ΙΙΙ (CoQ10 group+INDO): 

Examination of the fundic sections showed 
restoration of the normal architecture of the fundic 
mucosa. The thickness of the mucosa was apparently 
similar to that of the control group. Mucosa showed 
some areas with normal surface columner mucus 

secreting cells. Other areas showed flattened surface 
epithelium. The fundic gland opened by short narrow 
pits that were perpendicular to the surface. The glands 
were divided into isthmus, neck and base. There was 
widening of some glands. Some parietal cells were 
with normal appearance, others with vacuolated 
cytoplasm and eccentric darkly stained nuclei. There 
were extravasated RBCs in the lamina propria. Few 
areas of widening in the bases of the glands were 
noticed. Restored organization of bases of fundic 
glands was observed with some normal peptic cells 
and others with vacuolated cytoplasm. Muscularis 
mucosa was also seen (Figs. 18- 20). 

The examined fundicsection showed PAS-
positive reaction in surface columnar mucus-secreting 
cells and extending down into the fundic pits. The 
neck region was also containing PAS-positive mucus 
(Fig. 21). 

The examined fundicsection showed a strong 
cytoplasmic widespread positive immunoreaction for 
caspase-3(Fig. 22). 

The examined fundicsection showed strong 
positive nuclear immunoreaction in the isthmus region 
and neck regions of the glands. Few cells in basal parts 
showed moderate positive reaction (Fig. 23). 

 

 
Fig. (18): A photomicrograph of fundic section of the 
CoQ10 group showing restoration of the normal architecture 
of the fundic mucosa with short narrow pits (P) which are 
perpendicular to the surface. Fundic glands are divided into 
isthmus (I), neck (N) and base (B). Muscularis mucosa (M) 
is also seen. The thickness of the mucosa is apparently 
similar to that of the control group. Few areas of widening in 
the bases of the glands are noticed (*). (H & E, X100). 
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Fig. (19): A photomicrograph of fundic section of the 
CoQ10 group showing some areas with normal surface 
columner mucus secreting cells (curved arrow). Other 
areas show flattened surface epithelium (thick curved 
arrow). Some parietal cells appear polyhedral with 
acidophilic cytoplasm and vesicular nuclei (thin 
arrows), others have vacuolated cytoplasm and 
eccentric darkly stained nuclei (thick arrow). Note 
extravasated RBCs in the lamina propria (R). (H & E, 
X400). 

 

 
Fig. (20): A photomicrograph of lower part of fundic 
gland of the CoQ10 group showing some parietal cells 
with normal appearance (thin arrow). Others have 
vacuolated cytoplasm and darkly stained nuclei (thick 
black arrow). Restored organization of bases of fundic 
glands is observed with some normal peptic cells 
(interrupted arrow) and others with vacuolated 
cytoplasm (thick white arrow). (H & E, X400). 
 

 
Fig. (21): A photomicrograph of fundic section of the 
CoQ10 group showing PAS-positive reaction in 
surface columnar mucus-secreting cells and extending 
down into the fundic pits (arrow). The neck region is 
also containing PAS-positive mucus (thick arrow). 
(PAS, X200). 
 

 
Fig. (22): A photomicrograph of fundic section of the 
CoQ10 group showing a strong cytoplasmic 
widespread positive immunoreaction for caspase-3 
(arrows). 
(Caspase, X200). 
 



 Nature and Science 2019;17(12)   http://www.sciencepub.net/nature   NSJ 

 

228 

 
Fig. (23): A photomicrograph of fundic section of the 
CoQ10 group showing strong positive nuclear 
immunoreaction in the isthmus (thick arrows) and 
neck regions of the glands (thin arrows). Few cells in 
basal parts show moderate positive reaction (curved 
arrow).  
(PCNA, X200). 
 

 
Fig. (24): A photomicrograph of fundic section of the 
primrose group showing restoration of the normal 
architecture of gastric mucosa. Fundic glands are 
divided into isthmus (I), neck (N) and base (B). 
Muscularis mucosa (M) is also seen. The thickness of 
the mucosa is apparently similar to that of the control 
group. The fundic pits (P) show slight widening. Areas 
of erosion are noticed (E). Congested blood vessels are 
seen (C). (H & E, X100). 
 
Group IV (Evening primerose+INDO group (EP)): 

Examination of the fundic sections showed 
restoration of the normal architecture of gastric 
mucosa. The thickness of the mucosa was apparently 
similar to that of the control group. Mucosa showed 
normal surface columnar mucus-secreting cells. The 

fundic pits showed slight widening. Fundic glands 
were divided into isthmus, neck and base. Areas of 
erosion were noticed. Congested blood vessels were 
seen. Some parietal cells showed vacuolated 
cytoplasm with small dark nuclei, others showed 
vacuolated cytoplasm. Bases of the glands were 
restored with normal appearance of many parietal 
cells. Normal appearance of peptic cells was seen. 
Muscularis mucosa was also seen (Figs.24- 26). 

The examined fundicsection showed moderate 
PAS-positive reaction in surface columnar mucus-
secreting cells extending down into the fundic pits and 
in the neck region (Fig. 27). 

The examined fundicsection showed a strong 
widespread positive cytoplasmic immunoreaction for 
caspase-3 (Fig. 28). 

The examined fundicsection showed strong 
nuclear positive immunoreaction in the isthmus region 
and extending to the neck region of the gland. Few 
cells in the basal parts showed moderate positive 
reaction (Fig.29). 
 

 
Fig. (25): A photomicrograph of upper part of fundic 
section of the EP group showing normal surface 
columnar mucus-secreting cells (curved arrow). Some 
parietal cells show normal appearance (thin arrows). 
Few cells show vacuolated cytoplasm with small dark 
nuclei (thick arrow). Extravasated RBCs are noticed 
(R). (H & E, X400) 
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Fig. (26): A photomicrograph of lower part of fundic 
gland of the EP group showing restored bases of the 
glands with normal appearance of many parietal cells 
(thin arrow). Some parietal cells show vacuolated 
cytoplasm (thick arrow). Note normal appearance of 
peptic cells (interrupted arrow). (H & E, X400). 
 

 
Fig. (27): A photomicrograph of fundic section of the 
EP group showing moderate PAS-positive reaction in 
surface columnar mucus-secreting cells extending 
down into the fundic pits (arrow) and in neck region 
(thick arrow). (PAS, X200). 
 

 
Fig. (28): A photomicrograph of fundic section of the 
EP group showing a strong widespread positive 
cytoplasmic immunoreaction for caspase-3 (arrows). 
(Caspase, X200). 

 
Fig. (29): A photomicrograph of fundic section of the 
EP group showing strong nuclear positive 
immunoreaction in the isthmus region (thick arrow) 
and extending to the neck region of the gland (thin 
arrow). Few cells in the basal parts show moderate 
positive reaction (curved arrow). (PCNA, X200). 
 
Group Va) ESP low dose +INDO (ESP a) (: 

Examination of the fundic sections showed 
restoration of the normal architecture of mucosa. 
Mucosa showed normal appearance of surface 
columnar mucus-secreting cells. Mucosa showed short 
narrow pits that were perpendicular to the surface. 
Fundic glands were divided into isthmus, neck and 
base. Marked widening of the fundic glands and many 
areas with erosions were seen. Mononuclear 
inflammatory cell infiltrate was seen in lamina 
propria. Distorted bases of the glands were noticed. 
Most parietal cells and peptic cells showed vacuolated 
cytoplasm and small darkly stained nuclei. Muscularis 
mucosa was also seen (Figs. 30- 33). 

The examined fundicsection showed mild PAS 
positive reaction in surface columnar mucus-secreting 
cells extending down into the fundic pits and in neck 
region (Fig. 34). 

The examined fundicsection showed a strong 
widespread positive cytoplasmic reaction for caspase-
3 (Fig. 35).  

The examined fundicsection showed moderate 
nuclear immunoreaction for proliferating cell nuclear 
antigen (PCNA) located at the isthmus region. Few 
cells in the basal parts showed mild reaction (Fig. 36). 
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Fig. (30): A photomicrograph of fundic section of the 
ESP (a) group showing restoration of the normal 
architecture of mucosa with short narrow pits (P) that 
are perpendicular to the surface. Fundic glands are 
divided into isthmus (I), neck (N) and base (B). 
Muscularis mucosa (M) is also seen. Marked widening 
of the fundic glands and many areas with erosions are 
seen (E). (H & E, X100).  
 

 
Fig. (31): A photomicrograph of upper part of fundic 
section of the ESP (a) group showing normal 
appearance of surface columnar mucus-secreting cells 
(curved arrows). Areas of erosions are noted (E). 
Mononuclear inflammatory cell infiltrate are seen in 
lamina propria (pointed arrows). (H & E, X400). 
 

 
Fig. (32): A photomicrograph of upper part of fundic 
section of the ESP (a) group showing mononuclear 
inflammatory cell infiltrate (pointed arrow). (H & E, 
X1000). 
 

 
Fig. (33): A photomicrograph of lower part of fundic 
gland of the ESP (a) group showing distorted bases of 
the gland. Most parietal cells show vacuolated 
cytoplasm (thick black arrow). Peptic cells have 
vacuolated cytoplasm and small darkly stained nuclei 
(thick white arrow). (H & E, X400). 
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Fig. (34): A photomicrograph of fundic section of the 
ESP (a) group showing mild PAS positive reaction in 
surface columnar mucus-secreting cells extending 
down into the fundic pits (arrow) and in neck region 
(thick arrow). (PAS, X200). 

 
Fig. (35): A photomicrograph of fundic section of the 
ESP (a) group showing a strong widespread positive 
cytoplasmic reaction for caspase-3 (arrows). 
(Caspase, X200). 

 
Fig. (36): A photomicrograph of fundic section of the 
ESP (a) group showing moderate nuclear 
immunoreaction for PCNA located at the isthmus 
region (arrows). Few cells in the basal parts show mild 
reaction (curved arrow). (PCNA, X200). 
 
Group Vb (ESP high dose+INDO (ESPb)): 

Examination of the fundic sections showed 
normal architecture of fundic mucosa. The thickness 
of the mucosa was apparently similar to that of the 

control group. Surface columnar mucus-secreting cells 
were normal. The fundic pits showed slight widening. 
Fundic glands were divided into isthmus, neck and 
base. Some parietal cells showed vacuolated 
cytoplasm with small dark nuclei were observed. 
Bases of most of the glands were restored with normal 
appearance of peptic cells and parietal cells. 
Muscularis mucosa was also seen (Fig. 37- 39). 

The examined fundicsection showed strong PAS-
positive reaction in surface columnar mucus-secreting 
cells extending down into the fundic pits. The neck 
region showed also moderate PAS-positive mucus 
(Fig. 40). 

The examined fundicsection showed a moderate 
positive cytoplasmic immunoreaction for caspase-3 in 
the upper part of gland and mild immunoreactions in 
lower part (Fig. 41).  

The examined fundicsection showed a strong 
positive nuclear immunoreaction in the isthmus 
region, extending to the neck region of the gland (Fig. 
42). 

 
Fig. (37): A photomicrograph of fundic section of the 
ESP (b) group showing normal architecture of fundic 
mucosa. Fundic glands are perpendicular to the 
surface and are divided into isthmus (I), neck (N) and 
base (B). Muscularis mucosa (M) is also seen. The 
thickness of the mucosa is apparently similar to that of 
the control group. The fundic pits (P) show slight 
widening. (H & E, X100). 

 
Fig. (38): A photomicrograph of fundic section of the 
ESP (b) group showing normal surface columnar 
mucus-secreting cells (curved arrows). Many parietal 
cells show vacuolated cytoplasm and small dark nuclei 
(thick arrows). (H & E, X400). 
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Fig. (39): A photomicrograph of lower part of fundic 
gland of the ESP (b) group showing restored bases of 
most of the gland with normal appearance of peptic 
cells (interrupted arrows) and parietal cells (thin 
arrow). Some parietal cells with small dark nuclei 
(thick arrow) are observed. (H & E, X400). 
 

 
Fig. (40): A photomicrograph of fundic section of the 
ESP (b) group showing strong PAS-positive reaction 
in surface columnar mucus-secreting cells extending 
down into the fundic pits (arrow). The neck region 
show also moderate PAS-positive mucus (thick 
arrow). (PAS, X200). 

 
Fig. (41): A photomicrograph of fundic section of the 
ESP (b) group showing a moderate positive 
cytoplasmic immunoreaction for caspase-3 in upper 
part of gland (arrows) and mild immunoreactions in 
the lower part (thick arrow).  
(Caspase, X200). 
 

 
Fig. (42): A photomicrograph of fundic section of the 
ESP (b) group showing a strong positive nuclear 
immunoreaction in the isthmus region (thick arrow), 
extending to the neck region of the gland (arrow). 
(PCNA, X200). 

 
3-Morphometric results 
A- Mean area % of PAS +ve reaction (Table 4 
& Histogram 1): 

1- There was a significant decrease in area % of 
PAS +ve reaction in INDO group and other groups 
(CoQ10+INDO, EP+INDO, ESP (a)+INDO and ESP 
(b)+INDO groups) as compared with the control group 
(P < 0.05). A significant increase in area % of PAS 
reaction in all groups when compared with INDO 
group was also revealed (P < 0.05). 

2- When comparing groups together, the highest 
value was detected in group ESP (b)+INDO with 
significant increase in area % of PAS reaction in ESP 
(b)+INDO rats as compared with ESP (a)+INDO, 
CoQ10+INDO and EP+INDO groups (P < 0.05). 
There was a significant decrease in CoQ10+INDO 
group when compared with EP+INDO group (P < 
0.05). The least value was detected in ESP (a)+INDO 
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group, with significant decrease was observed as compared with other treatment groups (P < 0.05). 
 

Table 4: Mean ±SD of area% of PAS +ve reaction in all groups: 
Group Control INDO CoQ10+INDO EP+INDO ESP (a)+INDO ESP (b)+INDO 
Mean±SD 14.7+0.5 2.8+ 0.19* 7.8+0.44*#$@ 9.1+0.24*#@ 4.6+0.23*#@ 13.1+0.25*# 
P value significant at <0.05 using ANOVA test. * Significant difference compared to control. 
# Significant difference compared to INDO. $ Significant difference compared to EP+INDO. 
@ Significant difference compared to ESP (b)+INDO. 
 
B- Mean area % of caspase +ve reaction (Table 5 & 
Histogram 2): 

1- There was a significant increase in area % of 
caspase +ve reaction in INDO group and other groups 
(CoQ10+INDO, EP+INDO, ESP (a)+INDO and ESP 
(b)+INDO groups) as compared with control group (P 
< 0.05). A significant decrease in area % of caspase 
immunoreaction in all groups as compared with INDO 
group was also observed (P < 0.05). 

2- When comparing the treatment groups 
together, the least value was detected in ESP 
(b)+INDO group, with a significant decrease in area % 
of caspase reaction as compared with CoQ10+INDO, 
EP+INDO and ESP (a)+INDO groups (P < 0.05). The 
highest value was detected in ESP (a)+Intergroup. 
There was a significant increase in caspase reaction of 
CoQ10+INDO group as compared with 
EP+INDOgroup (P < 0.05). 

 
 

Table 5: Mean ±SD of area% of caspase +ve reaction in all groups: 
Group Control INDO CoQ10+INDO EP+INDO ESP (a)+INDO ESP (b)+INDO 
Mean±SD 14.3+0.43 46.8+2.2* 23.3+2*#@ 16.3+0.5*#@ 25.6+0.9*#@ 12.5+1.1# 
P value significant at <0.05 using ANOVA test. * Significant difference compared to control. 
# Significant difference compared to INDO. @ Significant difference compared to ESP (b)+INDO. 
 
C- Mean area % of PCNA +ve reaction (Table 6 & 
Histogram 3): 

1- There was a significant decrease in area % of 
PCNA expression in INDO group and other groups 
(CoQ10+INDO, EP+INDO, ESP (a)+INDO and ESP 
(b)+INDO groups) as compared with the control group 
(P < 0.05). A significant increase in area % of PCNA 
expression in CoQ10+INDO, EP+INDO and ESP 
(b)+INDO groups as compared with INDO group was 
revealed (P < 0.05). It worth mentioning that there was 

a non significant difference between INDO group and 
ESP (a) +IND group (P < 0.05). 

2- When comparing groups together, the highest 
value was detected in group ESP (b)+INDO with 
significant increase in area % of PCNA expression as 
compared with CoQ10+INDO, EP+INDO and ESP 
(a)+INDO groups (P< 0.05). The least value was 
detected in ESP (a)+INDO group. There was a 
significant increase in EP+INDO rats when compared 
with CoQ10+INDO and ESP (a)+INDO groups (P < 
0.05).  

 
Table 6: Mean ±SD of area% of PCNA +ve reaction in all groups: 

Group Control INDO CoQ10+INDO EP+INDO ESP (a)+INDO ESP (b)+INDO 
Mean±SD 13.1+0.5 3.7+0.6* 6+0.3*#$@ 8.5+0.5*#@ 4.5+2.5*#$@ 14+0.2# 
P value significant at <0.05 using ANOVA test. * Significant difference compared to control. 
# Significant difference compared to INDO. $ Significant difference compared to EP+INDO. 
@ Significant difference compared to ESP (b)+INDO. 

 
4. Discussion 

Gastric ulcer is one of the most common 
disorders of the gastrointestinal tract (GIT). It affects 
5% of the population around the world, so its 
prevention and management are considered very 
important challenges. The NSAIDs are still widely 
used all over the world for their analgesic and anti-
inflammatory properties. Gastric damage induced by 
NSAIDs is the most common and dangerous side-
effect of these drugs. They account for 25% of gastric 

ulcer cases (Boligon et al., 2014and Abourehab, 
2017). 

Indomethacin (INDO) has been documented to 
have a higher potential to cause gastric injury than 
other commonly-used NSAIDs. Though the use of 
newly introduced NSAIDs is increasing day by day, 
INDO was chosen in this thesis for induction of gastric 
ulcer as it is still widely used in the remote areas 
because of its low cost. In addition, it`s one of the 
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most common NSAIDs that is used for induction of 
experimental gastric ulcer (Tastekin et al., 2018). 

The current treatment of gastric ulcer with anti-
secretory drugs, such as PPI and H2 antagonist, as 
long term treatment is associated with many side 
effects (Almasaudi et al., 2015).  

Therefore, new treatments have been thought to 
enhance the efficacy of current drugs or to discover 
potential new agents that are more effective, less 
expensive and have fewer health-associated side 
effects than those currently used (DeVault and Talley, 
2009).  

Results of this study showed that INDO-induced 
gastric ulcer was associated with significant increase 
in the ulcer index as compared with the control rats. It 
has been suggested that INDO induces gastric damage 
via inhibiting the release of protective factors like 
cyclooxygenase-1, PGE2, bicarbonate and mucus; 
increasing the aggressive factors like gastric acid; and 
increasing oxidant parameters while decreasing 
antioxidant parameters. These results were in 
agreement with those of Sabiu et al. (2016). 

This may be attributed to either free radicals 
formation or inhibition of synthesis of PGs. Where, 
decreased PG level may result in impaired 
gastroprotection, increased gastric acid secretion, 
decreased blood flow and mucus secretion which are 
the main etiology of mucosal ulceration (Bjarnason et 
al. 2018). 

A significant decrease in the ulcer index of all 
groups as compared to INDO group was observed. 
This decrease may be due to increased protective 
factors. They restore the balance between the 
protective and aggressive factors in the stomach or 
oppose the inhibitory action of INDO on PGE2 
synthesis (Partick et al., 2018). It is worth mentioning 
that the main action of ESP was through inhibition of 
the H+/K+ ATPase in the parietal cells of the stomach, 
thus preventing acid secretion. The previous results 
were in agreement with that of El Abhar et al. (2010); 
Bi et al. (2017) and Kim et al. (2018) who revealed 
antiulcer effect of CoQ10, Primerose and ESP 
respectively. 

Regarding the antioxidant status, there was a 
significant increase in MDA level in INDO group 
when compared with other groups. This was in 
agreement with Sabiu et al. (2016); Jambi and 
Khattab (2019). This could be attributed to the 
increased formation of oxidative stress measures. It 
has previously been discovered that a decrease in 
antioxidant enzymes in the stomach induces gastric 
ulceration. Free radicals initiate MDA which has a 
major role in the toxicity mechanism of INDO. The 
damage in gastric mucosa involves an increased level 
of MDA. If MDA was not scavenged by antioxidant 
enzymes, this may lead to more accumulation of MDA 

that cause more tissue damage. So, the unbalance 
between MDA and antioxidant enzymes leads to 
oxidative stress and subsequent disturbed cellular 
functions (Sabiu et al., 2016; Jambi and Khattab, 
2019). The previous results regarding improvement in 
the treatment groups were consistent with that of El 
Abhar et al. (2010); Bi et al. (2017) and Kim et al. 
(2018) who revealed antiulcer effects of CoQ10, 
Primerose and ESP respectively. 

In H & E stained sections of INDO group, 
examination of the fundic sections of the stomach 
showed multiple deep erosions. The surface columnar 
mucus-secreting cells were lost. There was distorted 
architecture of fundic glands with congested blood 
vessels and extravasation of RBCs.  

These degenerative changes may be due to PG 
deficiency which plays an important role in the 
pathogenesis of NSAID-induced gastric injury. 
Inhibition of PG synthesis is associated with 
disturbance of microcirculation, decrease in mucus 
secretion, lipid peroxidation, and neutrophil activation, 
or direct cytotoxic effect which are involved in the 
pathogenesis of gastrointestinal mucosal disorders. 
Also, the development of the gastric mucosal lesions 
induced by INDO may also be mediated through 
generation of oxygen free radicals (Kim et al., 2011). 

Others attributed the damaging effect of NSAIDs 
to low oxygen tension inside the cells and depletion of 
ATP generation. This consequently affected sodium 
potassium pump leading to influx of sodium into the 
cell and an osmotic gain of water with intracellular 
influx of calcium from the extracellular fluid and its 
release from intracellular stores. This would activate 
proteases, phospholipases and endonucleases leading 
to cellular damage (Bjarnason et al. 2018). 

There was inflammatory cellular infiltration. It 
may be attributed to the neutrophil-endothelial cell 
interactions as a cause of gastric injury. Dilated glands 
might be an indication of hypersecretion, which might 
be related to inhibition of PG I2, a potent anti-
secretory agent (Zaki and Mohamed, 2014). The work 
of Thong-Ngam et al. (2012) who suggested that 
NSAIDs-induced gastric ulceration is a neutrophil-
dependent process. He explained that NSAIDs 
administration to rats caused a rapid and significant 
increase in adhesion between neutrophils and vascular 
endothelial cells in both the gastric and mesenteric 
venules. These neutrophils release a variety of 
inflammatory mediators which are capable of 
producing tissue injury and might be involved in the 
pathogenesis of gastric mucosal injury. 

The dilated gastric glands that were detected in 
the current study could be justified by the work of 
Chen et al., (2002) who stated that the degeneration of 
cells lining these gastric glands giving the appearance 
of wide lumen. 
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H and E stained sections of the ulcer group also 
showed apoptotic changes in parietal cells. These 
findings were in agreement with those of Seleem et 
al., (2010) who demonstrated features of degeneration 
in the oxyntic cells. Their nuclei were shrunken with 
irregular nuclear membrane and excessive 
heterochromatin and apparent cytoplasmic 
vacuolation. Moreover, Wallace, (2001) related these 
vacuolations to the increased secretory canalicular 
membrane elaboration as a result of increased gastric 
acid secretion due to loss of the inhibitory effect of 
prostaglandins on the oxyntic cells. 

Furthermore, the basal parts of the fundic glands 
showed apoptotic chief cells. In accordance with those 
results, Al-Sagaaf et al., (2011) demonstrated that 
some areas of the basal region of gastric glands 
showed loss of architecture and vacuolation of cells 
whereas other areas showed normal architecture with 
predominant chief cells full of secretions. They 
attributed these changes to the aggressive effect of 
pepsin and lipase of chief cells on the mucosal lining, 
especially if associated with decreased mucus 
secretion. 

These results were also in agreement with 
Patrick et al. (2018); Minayan et al. (2018) and 
Oloyede et al. (2018).  

The PAS stained sections revealed a significant 
decrease in area % of PAS reaction in INDO group as 
compared with the other groups. The reduced 
glycoprotein content of the gastric mucosa in INDO 
group was in agreement with Hajrezaie et al. (2015). 

Loss of PAS reaction from the surface cells with 
its presence in the neck part of the gastric glands 
denoted increased activity of neck cells in forming 
new coating mucus to protect the gastric mucosa 
against further injury (Zaki and Mohamed 2014).  

The possible mechanism responsible for the 
topical irritant properties of NSAIDs is their ability to 
decrease the hydrophobicity of the mucus gel layer in 
the stomach which is a primary barrier to acid-induced 
damage in the stomach, via association with the 
surface active-phospholipids. They suggested that 
these changes were due to suppressed PG production 
and damage of the surface epithelial cells and mucus 
neck cells which led to decreased mucus production. 
The decrease in mucus secretion allows HCL and 
pepsin to diffuse into the mucosa from the lumen. 
Back-diffusion of acid and pepsin into the tissues 
stimulates further acid and pepsin secretion, decreases 
mucosal blood flow and decreases gastric motility. In 
the absence of normal PG synthesis, the gastric 
environment becomes more vulnerable to exogenous 
(e.g., smoking) or endogenous factors (H. pylori, acid, 
pepsin, bile salts) and, consequently, more prone to 
develop peptic ulcer and bleeding complications 
(Cryer and Mahaffey, 2014; Alese et al., 2018). 

In the same context, Al Asmaria et al. (2016) 
reported that ulcerogenic agents cause dispersal of the 
gastro-protective mucus gel of the stomach and the 
associated phospholipids layers leading to acid back 
diffusion and injury to the gastric mucosa. They added 
that oxidative stress associated with gastric ulcer 
results in lipid peroxidation that causes damage to the 
wall of the stomach. 

There was a significant increase in area % of 
caspase reaction in INDO treated group as compared 
with all other groups. This was in agreement with 
Mard et al. (2016); Shahin et al. (2018) who found 
that INDO significantly up-regulated the expression of 
caspase-3 by 3.1 fold as compared to the normal 
group. Oxidative stress and inflammation is a major 
inducer of cell death by apoptosis through intrinsic 
pathway caspase-9 then activation of caspase-3. INDO 
induced apoptosis via upregulation of caspase-9 gene 
expression leading to increase caspase-3 activity 
(Soliman et al., 2016). 

The mechanism of NSAID-induced apoptosis is 
believed to be mediated by inhibiting the activity of 
NF-κB and ubiquitin proteosomes which lead to a 
common pathway of activation of the apoptotic 
protease, caspase-3 (Mard et al., 2016). 

Regarding degenerative changes, there was a 
significant decrease in area % of PCNA expression in 
INDO group as compared with the control group. 
These could be related to decrease DNA synthesis in 
the damaged cells (Abdelhady and Abdelrahman, 
2011). 

Results with INDO group with PCNA were in 
agreement with Yamamoto et al. (2014) who found 
that only few cells were positive for PCNA in the 
animals treated with INDO alone. Oxidative stress was 
claimed to have a role in induction of gastric ulcers. 
The cause of oxidative stress is the increased levels of 
reactive oxygen species (ROS). Hence, injury to the 
gastric tissues occurs by damaging membranes and 
cellular biomolecules such as proteins, DNA and 
lipids (Badr and Al-Mulhim, 2014). So, using drugs 
with anti-oxidant properties could decrease ROS 
formation and protect gastric tissues from oxidative 
damage. 

CoQ10 was chosen in this study as it is the only 
endogenously produced lipid with a redox function in 
mammals. It is a highly lipophilic antioxidant with 
poor aqueous solubility and slow absorption leading to 
low and variable oral bioavailability. It was also 
reported that CoQ10 is the only antioxidant that is fat 
soluble. Therefore, it was dissolved in olive oil and 
injected intraperitoneally (Papuci et al., 2003). 

In the current experiment, sections of the 
CoQ10+INDO group showed appreciable healing of 
gastric mucosa. It showed restoration of the normal 
architecture of the fundic mucosa with erosions in few 
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areas. Some parietal cells were with normal 
appearance, others with vacuolated cytoplasm and 
eccentric pyknotic nuclei. There were extravasated 
RBCs in the lamina propria. There was widening of 
some glands. Restored organization of bases of fundic 
glands was observed with some necrotic areas in 
between. These results were in agreement with 
(Malash et al., 2012; khaleel et al., 2015).  

The healing effect of CoQ10 could be attributed 
to its ability to hinder INDO-induced ulcer formation 
and vascular permeability, elevated PGE2, restored the 
disturbed redox status and boosted nitric oxide level. It 
was reported that supplementation with CoQ10 in the 
diet aids healing of chronic gastric ulcers induced by 
acetic acid in rats via inhibiting hypoxia. More recent 
study reported the potent effectiveness of CoQ10 
against gastropathy induced by NSAIDs using the 
INDO acute gastric ulcer model (El Abhar et al., 
2010). It was reported that its anti-ulcerogenic effect is 
due to its antioxidant capacity, besides replenishment 
of PGE2 and nitric oxide in the gastric mucosa; 
characters that confessed its potential usefulness 
against gastric damage (Malash et al., 2012). 

Moreover, it has electron donating property that 
may inhibit the decrease in superoxide dismutase in 
gastric tissue (replenish endogenous antioxidants), 
hence justifying the preservation of mucosal 
glutathione levels and inhibiting lipid peroxidation and 
thereby stabilizes biological membranes. Since mucus 
production, rapid gastric cell turnover, as well as 
complete barrier function repair are highly energy 
dependent processes, thus it is emphasized that 
adequate energy, besides an intact mitochondria 
offered by the higher doses of CoQ10, are needed to 
combat gastric ulceration. Additionally, CoQ10 reduce 
ROS production and improve epithelial cells function 
by upregulation of eNOS and hemeoxygenase-1 (HO-
1) (Malash et al., 2012; Samini et al., 2013; khaleel 
et al., 2015). 

`A significant increase in area % of PAS reaction 
in CoQ10+INDO group when compared with INDO 
group was revealed. This was in agreement with 
Zhang et al. (2018). CoQ10 boosted mucin secretion 
in the gastric juice. Enhancement of mucin secretion 
may be attributed to increased glutathione and 
constitutive enhancement of nitric oxide levels in the 
gastric mucosa. Moreover, gastroprotective 
mechanisms of CoQ10 were reported via reduction of 
acidity, with inhibition in peptic activity. Gastric 
mucus acts as a protective barrier from the noxious 
effects of both gastric acidity and pepsin and possesses 
free radical scavenging activity due to its natural 
composition, so preventing gastric injury induced by 
majority of insults. Previous study elucidated that an 
increment in endothelial nitric oxide synthase (eNOS) 
enhances nitric oxide levels after CoQ10 

administration. Moreover, CoQ10 administration 
raised gastric mucosal PGE2 level partially in INDO-
treated rats (Malash et al., 2012). However, El-Abhar 
et al., (2010) found that CoQ10 failed to increase 
mucus content significantly. 

A significant decrease in area % of caspase 
immunoreaction in CoQ10+INDO group as compared 
with INDO group was observed. This was in 
agreement with Tsai et al. (2016). Previous studies 
have indicated that CoQ10 attenuated cellular 
apoptosis by inhibition of mitochondrial 
depolarization and prevented apoptosis through 
suppression of mitochondrial dependent caspase-3 
protein. This suggested that CoQ10 might improve 
functional impairment and survival (Chen et al., 2013; 
Tsai et al., 2016).  

Moreover, CoQ10 is a mediator of lipid 
peroxidation and an essential cofactor in the electron 
transport chain and a component of the lipid 
membranes. These effects might explain the notable 
reduction of the apoptotic cells expressed by marked 
decrease of caspase-3 expression within tissues 
(Olama et al., 2018). 

A significant increase in area % of PCNA 
expression in CoQ10+INDO group as compared with 
INDO group was revealed. CoQ10 may have a 
proliferative effect as reported by Elsheikh et al. 
(2012); Mazen and Elnegris (2013). CoQ10 also 
might have anti-proliferative effect on cancerous cells 
as reported by Choi et al., (2013) using Ki-67 as a 
marker for proliferation. So CoQ10 might have a 
modulatory effect according to the present condition. 
The increased PCNA reactivity accompanied increases 
in cellular proliferation, which is a sign of ulcer 
reepithelialisation (Elsaed et al., 2018).The decrease 
in caspase as a marker for apoptosis and increase in 
PCNA as a marker for proliferation indicates that cells 
tried to proliferate to compensate the ulcer-induced 
apoptosis. 

In the current experiment, Evening Primerose 
was used to determine its possible healing effect on 
INDO-induced gastric ulcer. Sections of the 
EP+INDO group showed appreciable healing of 
gastric mucosa. Examination of the fundic sections of 
the stomach showed restoration of the normal 
architecture of gastric mucosa. The fundic pits showed 
slight widening. Areas of erosion were also noticed 
with congested blood vessels. Glands were restored 
with some parietal cells showing vacuolated 
cytoplasm. 

The previous results were in agreement with Dos 
Santos et al., (2014); Bi et al., (2017). The 
ameliorative effect of EP might be attributed to 
decreased acid secretion (Bi et al., 2017). Evevning 
primerose was found to decrease the serum 
pepsinogen I level, an atrophic gastritis marker and 
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pepsinogen II level, a marker of inflammatory 
response. This results in increase in the pepsinogen I/II 
ratio (Kim et al., 2014). On the contrary, Cai et al., 
(2014) found that EP did not considerably attenuate 
the ulcer lesions induced by ethanol or INDO.  

A significant increase in area % of PAS reaction 
in EP+INDO group as compared with INDO group 
was also revealed. This result was in agreement with 
Cho et al., (2019) who revealed improvement in 
mucus secretion. 

A significant decrease in area % of caspase 
immunoreaction in EP+INDO group as compared with 
INDO group was observed. This result was in 
agreement with Arimura et al., (2004) who 
demonstrated that rapid increase in intracellular 
peroxide levels after addition of EP triggers off 
induction of apoptosis. 

A significant increase in area % of PCNA 
expression in EP+INDO group as compared with 
INDO group was revealed. This result was not in 
accordance with Lewandowska et al., (2014) who 
reported that EP had anti-proliferative effect on 
cancerous cells using Ki-67 as a marker for 
proliferation. Inflammatory conditions are associated 
with proliferation as a healing process. So, EP might 
have a modulatory effect rather than proliferative or 
anti-proliferative effect (Kiraly et al., 2015). As the 
ulcer index increased caspase immunostaining 
increased, while PCNA immunostaining decreased. 

In H & E stained sections of ESP (a)+INDO 
group, examination of the fundic sections of the 
stomach showed restored architecture of gastric 
mucosa with marked widening of the fundic glands 
and some areas with erosions. Neutrophils were seen 
in lamina propria. Most parietal cells and chief cells 
showed vacuolated cytoplasm and small darkly stained 
nuclei. These were in agreement with Al-Shaha and 
Mohammed, (2017). 

The common used therapeutic dose of 
esomeprazoledoes not exceed 40-80mg/day. ESP even 
with high dose upto 800-1300mg/ day has no toxic 
effect. The low dose used in this study (5mg/kg/day) is 
equivalent to the common used therapeutic dose in 
clinical medicine (Ali and Dalton, 2009). 

In H & E stained sections of ESP (b)+INDO 
group, examination of the fundic sections of the 
stomach showed normal architecture of fundic 
mucosa. The fundic pits showed slight widening. 
Many parietal cells showed vacuolated cytoplasm and 
small dark nuclei. Bases of most of the gland were 
restored with normal appearance of chief cells and 
parietal cells.  

These results were in agreement with Narwal et 
al. (2016); Kim et al. (2018); Sabiu et al. (2016) who 
reported that ESP restored normal appearance. These 
results were consistent with previous studies which 

reported the anti-apoptotic effect of ESP in 
inflammatory conditions (Eltahir and Nazmy, 2018). 

The present study revealed that ameliorative 
effect of ESP was dose dependent. Gastric ulceration 
was almost entirely prevented with ESP at dose 20 
mg/kg. Although, previous study done by Kim et al., 
(2018), showed that protective effect of ESP on gastric 
mucosa was not dose-dependent where no additional 
benefit was seen at the higher ESP dose (40 mg/kg). 
They reported that effect of ESP was dose dependent 
below dose of 5mg/kg (human equivalent therapeutic 
dose) while dose from 5–40mg/kg, there was no 
significant dose dependent difference in protecting 
gastric mucosa. 

The gastro-protective effects of ESP in 
combination with NSAIDs are potentially attributed to 
multiple mechanisms. Both acid-dependent and acid-
independent mechanisms were proposed. 
Esomeprazole inhibited gastric acid secretion in 
parallel with a reduction in mucosal damage in rats 
treated with INDO. The acid-independent actions are 
related to decrease in tissue oxidation and apoptosis 
and to enhancement of nuclear factor-kB activation 
(Fornai et al., 2011). 

A significant increase in area % of PAS reaction 
in ESP (a)+INDO group when compared with INDO 
group was revealed. Also, a significant increase in 
area % of PAS reaction in ESP (b)+INDO groups 
when compared with INDO group was revealed. This 
result was in agreement with Almasaudi et al., (2016) 
who detected that treatment with PPI caused preserved 
gastric mucosal glycoproteins. The present result was 
also in agreement with Alese et al., (2018) who 
detected that the PAS staining intensity of the surface 
mucus and mucus neck cells in the mucosa was 
significantly increased upon treatment with PPI. 

Likewise, El-Ashmawy et al., (2016) reported 
preserved gastric mucosal glycoprotein after PPI 
treatment. They explained that this could be attributed 
to its affect in increasing gastric NO level which leads 
to increased mucus secretion and reduced gastric acid 
secretion. 

A significant decrease in area % of caspase 
immunoreaction in ESP (a)+INDO group as compared 
with INDO group was observed. Also, a significant 
decrease in area % of caspase immunoreaction in ESP 
(b)+INDO group as compared with INDO group was 
observed. This was in agreement with Mard et al., 
(2016); Kim et al., (2018) who revealed that 
pretreatment with PPI caused significant reduction in 
caspase-3. 

A significant increase in area % of PCNA 
expression in ESP (a)+INDO group as compared with 
INDO group was revealed. Also, a significant increase 
in area % of PCNA expression in ESP (b)+INDO 
group as compared with INDO group was revealed. 
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This was in agreement with Kim et al., (2018). He 
suggested that the greatest increase in cell proliferation 
in response to the increased gastrin drive occurs in the 
gland compartment of gastric mucosa. As the ulcer 
index increased caspase immunostaining increased, 
while PCNA immunostaining decreased. 

In the present work, CoQ10+INDO, EP+INDO 
groups showed better ulcer-healing effects when 
compared with ESP (a)+INDO group. Gastric glands 
regained their normal architecture with a thick layer of 
mucus on the surface, surface mucus cells and mucus 
neck cells were full of mucus and most of oxyntic 
cells appeared normal with deep acidophilic 
cytoplasm. 

Regarding comparison between groups 
concerning PAS, Caspase and PCNA reaction, the best 
effect was achieved in ESP (b)+INDO group, then 
EP+INDO group, then CoQ10+INDO group. The 
worst effect was in ESP (a)+INDO group. It is worth 
mentioning that we used the highest therapeutic dose 
of ESP to get better effect, but doses of CoQ10 and EP 
were considered lowdoses (equivalent to the 
recommended doses in human) as compared with ESP 
high dose.  
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