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Abstract 
Artemisinin-based antimalarial drugs have previously been shown to enhance healing of experimental gastric ulcers when 
compared with the delayed healing effect of the chloroquine and its derivatives. During inflammatory phase of gastric ulcer 
healing, mast cells maintain the gastric epithelium’s integrity. In this study the effects of some artemisinin-based antimalarial 
drugs on mast cells, anti-inflammatory markers and antioxidants activities during gastric ulcer healing was investigated. Male 
Wistar rats (140-170g, n=10) were divided into 5 groups. The control rats (Group 1) received normal saline and no ulcer was 
induced while in other groups, chronic gastric ulcers were induced using 60% acetic acid and treated accordingly for 7 days with 
normal saline (Group 2), Artesunate, 2mg/kg (Group 3), Artequine, 4mg/kg) (Group 4) and Zinc sulphate, 80mg/kg (Group 5). 
Bodyweight, haematological variables, ulcer score, gastric biochemical and histological analysis were assessed 3- and 7-days 
post ulceration. Data were analyzed using One-way ANOVA and Dunnette post-hoc tests at p < 0.05. Reduction in body weight 
was observed in animals 3 and 5 days after ulcer induction, though there was significant reversal of weight losses above the pre-
ulcer values by day 7. Healing was evident in the stomach of all animals with acetic acid-induced ulcers. By day-7, the mean 
ulcer score in the normal saline-, Artequine- and Zinc sulphate-treated rats were 8.40 ± 0.35, 0.27± 0.27 and 0.33 ± 0.17 

respectively. No visible ulcers were seen in the Artesunate treated group (100% healing rate). Neutrophil/lymphocyte ratio and 
gastric nitrite levels were significantly increased in the normal saline treated group 3 days after ulcer induction.  Platelet count 
was significantly increased in the antimalarial treated groups compared with the untreated group. Platelet/nitric oxide levels 
were reduced in the saline treated ulcerated group on both days 3 and 7. Gastric hydrogen peroxide levels significantly increased 
in the treatment groups compared with control group. Gastric sulfhydryl level was significantly increased in the artesunate 
treated, ulcerated group compared with other groups. The degranulated mast cells significantly increased in the zinc and 
artequine groups by both days 3 and 7 after ulcer induction compared with other groups.  Artemisinin based-combination drug 
enhanced healing of experimental chronic gastric ulcer healing through regulated activities of mast cells, blood inflammatory 
biomarkers and endogenous anti-oxidative mechanisms.. 
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*INTRODUCTION 
 
Gastric ulcers are deep defects penetrating through the 
muscularis mucosa as a result of overwhelming activities of 
aggressive factors militating against the gastric mucosa 
integrity (Werther, 2000, Tarnawaski, 2005). Its summative 
classification with a duodenal ulcer is known as peptic ulcer 
disease (PUD). The prevalence of PUD is reducing globally 
with 141.9 per 100,000 persons year presenting either with or 
without complications (Azhari et al. 2018). The prevalence is 
now reduced in Sub-sahara Africa in a recent report from 
Nigeria (Zibima et al, 2020), as against the high prevalence 
reported a few decades ago (Amure and Elegbe, 1975).  
Although the risk factors for PUD are still enormously high in 
the region especially with indiscriminate use of non-steroidal 
anti-inflammatory drugs (NSAIDs) and poor diagnostic index 
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for PUD, the endemicity of malaria infection in the already 
burdened region (Olliaro and Taylor, 2005; White, 2004), 
could be overwhelming. 
 Exposure of the gastric mucosa to any damaging agent 
causes intensive injury with loss of surface epithelium and 
denudation of lamina propria (Okita et al., 1991). This causes 
an immunoregulatory and or immunologic cascade (Komi et 
al., 2020) involving both blood and mast cells (Ng, 2010, Qu 
et al., 1998). The gastric epithelium homeostasis is maintained 
by the activities and secretions from several cells inherent 
within it. One of such cells is the mast cells (Krystel-
whittemore et al., 2016, Douaiher et al., 2014) that have been 
considered a major gastric mucosa inflammatory cell 
(Biernacka et al., 2000). They are known to play important 
role in the various stages of gastric ulcer healing (Weller et al., 
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2006, Salami et al., 2020, 2021) especially the inflammatory, 
proliferative, and angiogenesis phases (Uspenskiĭ and 
Grinevich 1980; Dong et al.,2020). Mast cells release their 
contents histamine (Gschwandtner et al., 2008), serotonin 
(Maekawa et al., 2002; Mekori and Galli 1990), vascular 
endothelial growth factor (VEGF) (Dong et al., 2020) with a 
controlled accumulation of neutrophils in the gastric mucosa 
(Chow et al., 1998) necessary for gastric ulcer healing. The 
released histamine, tryptase, VEGF, and serotonin have been 
documented to be beneficial for wound contraction when in 
minute quantity (Klymenko et al., 2000). The release of 
reactive oxygen species in varying quantities following 
exposure to toxicants has been implicated also in the healing 
processes of stomach ulcer and have been a major cause of a 
decline in the role of antioxidants which are gastroprotective 
(Suzuki et al, 2012). 
 Among these mucosa damaging agents, the stomach is 
exposed to is the barrage of medications implored in the 
treatment of malaria in these endemic regions among which 
are Chloroquine phosphate, Quinine, Artesunate, Coartem, 
Artequine, and Mefloquine. Although some of these 
medications have been protective of the existing gastric 
ulcerations, few others have adversely affected its healing. 
Chloroquine phosphate, one of the earliest antimalarial 
(Greenwood, 1995 and WHO, 2008), has been reported to 
potentiate gastric ulceration in experimental rats via increased 
gastric acid secretion (Etimita et al., 2005, Ajeigbe et al., 
2008; Olaleye and Ajeigbe, 2009, Salami et al., 2016). 
Quinine was reported to have delayed ulcer healing by 
prolonging the inflammatory phase of healing, increasing 
oxidative stress, reducing antioxidant activity and gastric 
mucus secretion (Adeniyi et al, 2017). On the other hand, 
Artesunate; a semi-synthetic derivative of artemisinin, 
generally well-tolerated and safe (Arnold et al., 1990; Cao et 
al., 1997; Ha et al., 1997), has been reported to decrease 
gastric acid secretions and total acidity in a dose-dependent 
manner (Price, 2000). Artequin, an Artemisinin-based 
combination therapy (ACT) drug, is the combination of 
Artesunate and Mefloquine. Artemisinin is currently the most 
rapidly acting and potent antimalarial (Nosten et al., 2000); 
and it has been documented to ameliorate gastric ulcers in 
experimental rats (Ajeigbe et al., 2008, Ajeigbe et al., 2018).  
This study further investigates the impact of ACTs; Artequin 
and Artesunate therapies on early gastric ulcer in adult male 

Wistar rats with a focus on the role played by mast cells, 
inflammatory cells, and antioxidants in the healing pathway. 
 
MATERIALS AND METHODS 
 
Experimental Animals: Fifty (50) healthy male Wistar strain 
rats of comparable weights (140-170g) were used for this 
study. They were housed in solid bottom polypropylene cages 
under standard environmental conditions at the Central 
Animal House, College of Medicine, University of Ibadan. 
The animals were fed with standard commercial pellets 
(Ladokun feeds Nigeria Limited, Ibadan, Nigeria) and given 
clean tap water ad libitum.   
 
Drug Treatment and Animal Groups: The animals were 
divided into five groups (n=10) as shown in Fig.1.  
Group 6 = Ulcerated treated Zinc (Gastric ulcer induced + Zinc 
sulphate treatment; 80mg/kg). 
 
Drug Administration 
Artesunate: Artesunate (2 mg/kg b.w) was purchased from 
Mekophar Chemical Pharmaceutical joint company, Chi Minh 
city-Vietnam. 
Artequin: Artequin (5 mg/kg mefloquine; 4 mg/kg 
artesunate) was purchased from AcinoPharma, Switzerland. 
Zinc: Zinc (80 mg/kg b.w) was administered in form of Zinc 
sulphate (ZnS) was manufactured by Chi Pharmaceutical Ltd, 
Chivita Avenue Ajao Estate, Isolo, Lagos, Nigeria. 
All drugs were administered orally using an oesophagal 
cannula according to Olaleye and Elegbe (2005). 
 
Experimental gastric ulcers: Animals were acclimatized for 
two weeks. Chronic gastric ulcer was induced by acetic acid 
according to the method of Okabe et al., (2010) and with little 
modification as in Salami et al. (2015). Briefly, 60%  acetic 
acid was injected into the sub-serosal layer in the glandular 
part of the antra wall of 24 hours fasted rats (but had access to 
clean drinking water) (Salami et al., 2014). This was later 
removed using a 1ml syringe after which the stomach or 
gastric serosa was washed gently with normal saline. The 
abdomen was sutured back and the animals were placed in 
their cages after recovery with free access to air and water. The 
various treatments commenced after three days of gastric ulcer 
induction and lasted for seven days. 

 

 

Figure 1 
Experimental design and animal grouping 
As = Artesunate; Aq = Artequin, Zn = Zinc sulphate 
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Sample collections: Changes in body weights were recorded, 
blood samples were collected via retro-orbital puncture with 
the aid of micro haematocrit capillary into an ethylene-
diamine-tetra-acetic acid (EDTA) bottle for determination of 
haematological parameters by days 3 and 7 of treatments 
according to the method of Dacies and Lewis (1994). 
 Five (5) animals were randomly selected per group on days 
3 and 7 of treatments respectively. The animals were sacrificed 
by cervical dislocation (Eboh et al., 2015). An incision was 
made along the midline at the linea alba of the ventral part, 
the liver was harvested and weighed while the stomach was 
collected and cleared of adherent tissues and weighed 
immediately with an electronic weighing scale, (model DT 
1000 with a capacity of 0.1 to 1000g). The ulcerated part of 
the stomach was then minced with scissors into two sections: 
 A section was stored in 10 volumes of ice-cold 0.1M 
phosphate buffer, pH 7.4, and homogenized using a Teflon 
homogenizer. The resulting homogenate was centrifuged 
using a Kubota Hybrid Centrifuge at 10,000rpm, 4ºC for 
10minutes. The supernatant –post mitochondrial fraction 
(PMF) was collected and processed for biochemical 
estimations. 
 The other section was fixed up in 10% phosphate buffer 
formalin for histological evaluation (Hematoxylin and Eosin 
staining as described by Avwioro, 2002) and special staining 
for mast cells (Toluidine blue) as described by Luna (1968) 
and Crookham and Dapson (1991),  
 
Ulcer scoring 
Scoring of the gastric ulcerated area was done after opening 
from the greater curvature and bathed in normal saline, spread 
out with pins on a soft cork board and then photographed.  The 
ulcerated area (mm2)  was  calculated  using  the  collection  
guiding  principles  of  Drug  administration  of  Ministry  of  
Health  Beijing,  1993,  using  the  equation: 

S = 𝜋 (d1/2) × (d2/2). 
(Where S represents the ulcerated area (mm2); d1: represents 
the longest longitudinal diameter of the ulcer,d2  represents the 
longest transverse diameter of the ulcer). 
     The percentage (%) of ulcer healing was obtained 
according  to Onasanwo et  al., 2010, Salami et al., 2018  using  
the  following  formula:  
               Percentage (%) = UC – UX  ×   100 
        UC 
(Where U  is the percentage of animals in the group with ulcer; 
UC is the Control mean ulcer index and Ux is the mean ulcer 
index of the test group). 
 
Biochemical Analysis 
 
Protein Concentration: The gastric tissue protein 
concentration was measured using the Biuret method 
according to Gornal et al., (1949), but there was a slight 
adjustment to the method as potassium was added to the 
reagent to prevent precipitation of Cu2+ ions as cuprous oxide 
(Salami et al., 2020).  
 
Oxidative stress Assessment: This form of assessment is also 
known as Lipid peroxidation (MDA) assessment. It was 
determined by measuring the thiobarbituric acid reactive 
substances (TBAR) produced during lipid peroxidation.  This 
was carried out using the method of Varshney and Kale, 
(1990). 

Determination of Mucosal Nitrite Concentration: Tissue 
levels of NO was quantified indirectly as total nitrite (NO2

-) 
using Griess reagent of which the reaction relies on 
diazotization with sulfanilic acid and N-1-naphthyl-ethylene 
diamine to give a coloured product that can be read at 548nm 
(Ignarro et al., 1987, Omayone et al 2016). 
 
Determination of Sulfhydryl Content: Sulfhydryl content 
was assayed according to the method of Ellman, 1959. 
 
Determination of Hydrogen Peroxide: Hydrogen peroxide 
was determined according to the method of Wolff et al., 1994, 
Salami et al., 2018 
 
Histological technique for Mast cell Stain: Cut stomach 
tissues were fixed in 10% phosphate buffered formalin then 
embedded in paraffin wax which were then sectioned onto a 
slide, de-paraffinized, stained with Harris hematoxylin , 
dipped in lithium carbonate before staining with toluidine blue 
(Luna 1968} . The sections were in the toluidine stain for 30 
minutes thereafter rinsed with water for 7-10 minutes and 
dehydrated before mounting back. The mast cells (Ribatti 
2018, Ribatti and Crivellato, 2012) were counted as described 
by Strobel et al., (1981).  
 
Statistical analysis: The Mean, Standard Deviation and 
Standard Error of Mean were calculated. The results were 
expressed as Mean ± SEM. One-way ANOVA was used to 
analyze the differences among them. Comparisons between 
the two groups were done using student’s t-test. The statistical 
difference was taken to be significant at p<0.05. 
 
RESULTS 
 
Effect of Artesunate, Artequine and Zinc sulphate on 
percentage (%) Body Weight in Acetic Acid induced 
ulcerated rats: Figure 2 shows the effect of Artesunate and 
Artequine treatments on the percentage body weight of rats 
with acetic acid-induced ulcers three, five and seven days after 
treatments with antimalaria drugs. For the control (intact) 
animals, body weight did not show any decline, but increased 
steadily by 4.85%, 9.88% and 17.55% by days 3, 5 and 7 
respectively. There were significant reductions in body 
weights of all animals that had experimental ulcers three days 
post ulcer induction. However, significant recoveries were 
observed in the percentage body weights of all the animals 
seven days post ulcer and treatments. 
 
Ulcer score and Percentage healing rates : Plate 1 shows the 
representative gross stomach samples for each group, gastric 
ulcer scores and percentage healing rates seven days after 
treatments with Artesunate, Artequine and Zinc sulphate. 
Three days post-treatment, a mean ulcer score of 78.87± 5.21 
was recorded in the untreated control was significantly higher 
than scores for the Artesunate- (13.33 ± 2.94), Artequine- 
(5.23 ± 0.33) and Zinc sulphate- (1.82 ± 0.34) treated groups.   
(in Acetic Acid induced ulcerated rats. By day-7, the mean 
ulcer score in the normal saline-, Artequine- and Zinc 
sulphate-treated rats were 8.40 ± 0.35, 0.27± 0.27 and 0.33 ± 
0.17 respectively. No visible ulcers were seen in the 
Artesunate treated group (100% healing rate).   
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Figure 2: 
Body weight changes in Control and Ulcerated rats before and 
after treatments with Artesunate and Artequine and Zinc 
sulphate. Each bar represents percentage change over pre-
ulcer values for each group 
Keys: As = Artesunate; Aq = Artequine; Zn = Zinc sulphate 
 
Ulcer score and Percentage healing rates : Plate 1 shows the 
representative gross stomach samples for each group, gastric 

ulcer scores and percentage healing rates seven days after 
treatments with Artesunate, Artequine and Zinc sulphate. 
Three days post-treatment, a mean ulcer score of 78.87± 5.21 
was recorded in the untreated control was significantly higher 
than scores for the Artesunate- (13.33 ± 2.94), Artequine- 
(5.23 ± 0.33) and Zinc sulphate- (1.82 ± 0.34) treated groups.   
(in Acetic Acid induced ulcerated rats. By day-7, the mean 
ulcer score in the normal saline-, Artequine- and Zinc 
sulphate-treated rats were 8.40 ± 0.35, 0.27± 0.27 and 0.33 ± 
0.17 respectively. No visible ulcers were seen in the 
Artesunate treated group (100% healing rate).   
 
Red blood cell indices and ESR: Table 2 shows the effect of 
Artesunate and Artequine treatments on Red blood cell indices 
and ESR of acetic acid Induced Ulcerated Rats by days 3 and 
7. There was a decrease in MCHC in the artesunate and 
artequin treated groups compared with the untreated group on 
day 3 but was decreased in Zinc treated group on both days 3 
and 7. The level of ESR was significantly decreased (p<0.05) 
by day 3 in the chloroquine and artequin treated groups when 
compared with the untreated and zinc treated groups. The 
MCV and MCH were not significantly different between 
groups irrespectively of the days. 
 

 

 

 

 
 

Plate 1 
Effects of Artesunate, Artequine and Zinc sulphate on 
gastric ulcer scores and healing rates (%) in Acetic Acid 
induced ulcerated rats. 
Healing rate was calculated using an assumed score of 100 
at induction of ulcer.  
Values are expressed as Mean + SEM and are considered 
statistically significant when p-value < 0.05. Keys of 
Significance; a- compared with un un-ulcerated control 
group, b -compared with the ulcerated control group, d-
compared with artesunate treated group, e -compared 
with artequine treated group and f – compared with Zinc 
treated group. Where; U – ulcer, HU – Healing ulcer 
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Table 2:  
Effect of Effects of Artesunate, Artequine and Zinc sulphate on derived red blood cell indices and ESR of 3 and 7 days after 
experimental acetic Acid-Induced Ulceration  

Group MCV(fl) MCHC(g/dl) MCH(pg) ESR (mm/h) 
 

 Day 3 Day 7 Day 3 Day 7 Day 3 Day 7 Day 3 Day 7 
Control 
(No ulcer) 

60.81  
± 1.568 

60.36  
± 0.972 

211.7 
± 3.01 

206.6   
± 2.74 

21.17 
± 0.301 

20.66 
± 0.274 

0.80 
 ± 0.054 

0.82 
 ± 0.057 

Ulcer + 
Saline 

61.56      
± 0.402 

58.9 
± 0.557 

212.0 
± 11.31 

197.4 
± 3.79 

21.20 
± 1.131 

19.74 
 ± 0.379 

1.07  
± 0.067e 

1.06 
 ± 0.064 

Ulcer +As 58.80     
± 0.800 

57.28 
± 0.460 

201.6 
± 0.65 

195.8  
± 3.43 

20.16 
± 0.065 

19.58  
± 0.343 

0.83 
± 0.088f 

0.90 
± 0.057 

Ulcer 
+Aq 

59.42   
± 0.982 

59.02  
± 1.070 

200.1  
± 3.35 

209.3 
± 11.93 

20.01  
± 0.335 

20.93 
± 1.193 

0.79 
± 0.033b,.f 

0.87 
± 0.067 

Ulcer +Zn 59.37     
± 0.875 

57.21  
± 0.657 

196.5 
± 3.40 

189.3 
± 1.12 

19.65 
± 0.340 

18.93 
± 0.112 

1.13 
± 0.067a,d,e 

1.07  
± 0.067 

Values are expressed as Mean ± SEM and are considered statistically significant when p-value ≤ 0.05. 
Keys of significance; a - compared with the un-ulcerated control group, b -compared with the ulcerated control group, d-compared with 
artesunate treated group, e -compared with artequine treated group and f – compared with Zinc treated groups. 
 

 
Figure 3:  
Effect Artesunate, Artequine and Zinc sulphate on platelet count and levels of blood inflammatory markers in Acetic acid-Induced ulcerated 
Rats by Days 3 and 7. 
Values are expressed as Mean ± SEM and are considered statistically significant when p-value ≤ 0.05. Key: Neutrophil/Lymphocyte (N/L) 
Ratio, Platelet/Lymphocyte (P/L) Ratio and Platelet/Nitrite (P/NO) Ratio. a – significant when compared with the un-ulcerated control group 
on day 3.  c -significant when compared with the ulcerated control group on day 7. 
 
Blood inflammatory markers (Neutrophil/Lymphocyte 
(N/L) Ratio, Platelet/Lymphocyte (P/L) Ratio and 
Platelet/Nitrite (P/NO) Ratio) in acetic acid-Induced 
Ulcerated Rats: Figure 3 shows the effect of Artesunate and 
Artequine treatments on blood inflammatory markers in acetic 
acid-induced Ulcerated Rats by Days 3 and 7. 
Neutrophil/lymphocyte ratio significantly increased in the 
untreated group by day 3 but significantly decreased by day 7 
compared with the control and the treated groups.  
Platelet/lymphocyte ratio was significantly reduced in the 
control, untreated, and artesunate treated groups compared 

with the artequine treated group by day 3. By day 7, the zinc 
treated group had a significantly increased 
platelet/lymphocyte count compared with all other groups. 
The Platelet/nitrite level was significantly decreased in the 
untreated group compared with all other groups by day 3 while 
the zinc treated group had significantly increased 
Platelet/nitrite level by day 7 compared with all other groups 
 

Gastric protein, MDA and NO levels in Acetic Acid-
Induced Ulcerated Rats: Gastric protein level in the rats 
without ulcer on day 3 post-ulcer was 0.54 ± 0.03mg/dl). In 
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the rats with gastric ulcers, protein levels were significantly 
reduced (0.27 ± 0.01mg/dl, 0.37 ± 0.001mg/dl and 0.27 ± 0.02 
mg/dl for Artesunate, Artequine and Zinc sulphate groups 
respectively). Similar patterns were observed on day 7. (Table 
3). Gastric MDA level in the rats without ulcer on day 3 post-
ulcer was 0.57 ± 0.002 x 10-5µMol/mg protein.  In the rats with 
gastric ulcers, MDA levels were significantly increased (1.203 
± 0.03 x 10-5, 1.947 ± 0.18 x 10-5 , 2.730 ± 0.21 x 10-5 and 0.850 
± 0.07 x 10-5 µMol/mg protein for Artesunate, Artequine and 
Zinc sulphate groups respectively). Similar patterns were 
observed for MDA levels on day 7. The gastric nitrite level 
was also significantly increased in the ulcer induced rats 3 and 
7 days after treatments. 
 
Gastric Sulfhydryl and Hydrogen peroxide (H2O2) content 
in Acetic acid-induced ulcerated rats: Figure 4 shows the 
effect of Artesunate and Artequine treatments on gastric 
Sulfhydryl and Hydrogen peroxide (H2O2) content in Acetic 
acid-induced ulcerated rats. By day 7, there was a significant 
increase in the sulfhydryl levels in the ulcerated artesunate and 
artequine treated groups when compared with the ulcer 
untreated, and zinc treated groups. There was a significant 
decrease in the hydrogen peroxide level of the ulcerated 
untreated group compared with the ulcerated zinc, and 
artesunate treated groups by day 3 post ulceration while no 
significant level was observed between all the experimental 
groups by day 7 post ulceration. 

Gastric mucosa mast cells population: Figure 5 shows the 
effect of Artesunate and Artequine treatments on gastric 
mucosa mast cells population. The control, untreated and zinc 
treated groups had more intact mast cells compared to the 
Artesunate and Artequine treated groups by days 3 and 7. 
Degranulated mast cells were however higher in the 
Artesunate and Artequine treated groups compared to other 
groups by days 3 and 7 of treatments. 
 Plate 2 shows the effect of Artesunate and Artequine 
treatments on histology of gastric mucosa mast cells 
population. By day 3 there were very scanty mast cells (MtC) 
in the submucosa in the control while the untreated group 
presented a marked absence of mast cells in the area of 
ulceration and very scanty mast cells in other foci. However, 
the Artequine and Zinc treated groups showed the mild 
presence of mast cells in the area of oedema, submucosa and 
muscularis while the Artesunate treated group showed scanty 
mast cells in the submucosa. By the 7th day of treatment, there 
were scanty mast cells (MtC) in the submucosa in the control 
but the untreated presented very scanty mast cells in the 
submucosa. However, there was the moderate, mild and very 
scanty presence of mast cells in the submucosa area of the 
Artequine and Artesunate treated groups respectively. The 
Zinc treated showed a mild presence of fibroblasts lining the 
submucosa of the gastric tissue. 

 
 
Table 4:  
Effect of Artesunate, Artequine and Zinc sulphate on gastric protein, MDA and NO levels in Acetic Acid-Induced Ulcerated Rats. 

Groups Protein (mg/mLs) 
 

MDA (µMol/mg protein x 10-5) NO (Um/g tissue) 
 

 Day 3 Day 7 Day 3 Day 7 Day 3 Day 7 
Control 
(No ulcer) 

0.54 ± 0.03b,d,e 0.56± 0.043b,d,e,f 0.57 ± 0.002 0.493 ± 0.017 77.72 ± 10.75 57.03 ± 1.388 

Ulcer + 
Saline 

0.27 ± 0.01a,d 0.30 ± 0.017a 1.203 ± 0.03a   1.117 ± 0.019 a 107.5 ± 0.51 a d,e 109.9 ± 2.89 a 

Ulcer +As 0.37 ± 0.001a,b,f 0.34 ± 0.002a 1.947 ± 0.18a,b 1.553 ± 0.077 83.90 ± 1.63 b,e,f 95.06 ± 5.97 
Ulcer+Aq 0.34 ± 0.01a,b,f 0.39 ± 0.03a 2.730 ± 0.21a,b 1.710 ± 0.068  81.33 ± 5.60 a,b,,f 93.4 ± 8.30 
Ulcer+Zn 0.27 ± 0.02a,d 0.35 ± 0.003a 0.850 ± 0.07 a,b 0.943 ± 0.061 83.47 ± 0.51 b,e 85.92 ± 8.79 

Values are expressed as Mean ± SEM and are considered statistically significant when p-value ≤ 0.05. 
a - compared with the un-ulcerated control group, b -compared with the ulcerated control group, d-compared with artesunate treated group, e-
compared with artequine treated group and f – compared with Zinc treated group. 
 
 

     
Figure 4.  
Effect of Artesunate and Artequine treatments on gastric Sulfhydryl and Hydrogen peroxide (H2O2) content in Acetic acid-induced ulcerated 
rats by Days 3 and 7. 
Values are expressed as Mean ± SEM and are considered statistically significant when p-value ≤ 0.05. Keys of significance; a - compared 
with the un-ulcerated control group, b -compared with the ulcerated control group, d-compared with artesunate treated group, e -compared 
with artequine treated group and f – compared with Zinc treated group 
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Figure 4 
Effect of Artesunate and Artequine treatments on gastric 
mucosa mast cells population. 
 
Gastric histological architecture in control and treated 
rats: Plate 2 shows the effect of Artesunate and Artequine 

treatments on gastric histological architecture. By the 3rd day, 
there were normal mucosa, submucosa and muscularis and 
well-preserved surface epithelial in the control. The Ulcerated 
untreated group showed a focal area of ulceration (black 
arrow) with cellular debris, moderate angiogenesis (An), 
abundant fibroblast (Fb), moderate oedema (red arrow) and 
infiltration of inflammatory cells (InC).  
 The Artesunate treated group presented focal area of 
ulceration involving the mucosa, submucosa and muscularis 
with cellular debris, moderate angiogenesis (An) and abundant 
fibroblast (Fb), chronic inflammatory cells (InC) in the 
mucosa and submucosa and moderate angiogenesis (An) with 
congestion in the submucosa and abundant fibroblasts (Fb).  
 The Artequine treated rats presented focal area of 
ulceration involving the mucosa and submucosa, cellular 
debris, inflammatory cells (InC), moderate angiogenesis 
(An)and abundant fibroblast (Fb), mild papillary infolding, 
mild oedema (red arrow) with infiltration of inflammatory 
cells (InC) and mild adipocytes (Acy) while the ulcerated Zinc 
treated group showed multiple focal areas of ulceration 
(double arrow) involving the mucosa, submucosa and 
muscularis with cellular debris, moderate angiogenesis 
(An)and abundant fibroblast (Fb), moderate oedema (red 
arrow) with moderate infiltration of inflammatory cells (InC) 
and moderate angiogenesis (An) and abundant presence of 
fibroblasts (Fb). The observed histological alterations in day 3 
were relatively milder or absent by day 7 in the treated groups 
as compared to the untreated group with a presence of 
abundant fibroblast (Fb) in the Artequine treated groups but 
mild in the zinc treated. 

 
 
 
 

 
Plate 2:  
Effect of Artesunate and Artequine treatments on histological presentation of gastric mucosa mast cells population (Photomicrograph of 
stomach section with Toluidine blue stain, Mag x 400). 
NS = Normal saline; As = Artesunate; Aq = Artequine; Zn = Zinc; MtC = mast cells 
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Plate 2:  
Effect of Artesunate and Artequine treatments on gastric histological architecture (Photomicrograph of stomach section with 
H&E stain, Mag x 400). An =Angiogenesis,  Fb = fibroblast, InC = inflammatory cells, Acy= Adipocytes. 
 
DISCUSSION 
 
Gastrointestinal ulcer affects people in all geographical 
regions and as such has become a global disease of public 
health significance. Generally, it is accepted that an imbalance 
between aggressive and mucosal integrity maintenance factors 
is what causes ulcers (Goel et al., 1986). To regain the balance, 
different therapeutic agents have been used. The high 
prevalence of gastric ulcers in sub-Sahara Africa (Amure and 
Elegbe, 1975) couple with the menace of malaria infection 
(Olliaro and Taylor, 2005; White, 2004) indicate the use of 
antimalarial within the region during gastric ulceration. In the 
present study, the impact of some selected antimalarial drugs 
on gastric ulcer healing was investigated. 
 In the present study, acetic acid gastric ulcer induction 
causes a notable decrease in percentage body weight. In line 
with these findings, Malfertheiner et al. (2002) had reported 
gastric ulceration leads to loss of body weight. The findings in 
this study showed that artequine enhaced the decreased body 
weight observed after ulcer induction. 
 Both antimalarial drugs used in this study were observed to 
stimulate healing comparable with zinc treatment. In support 
of these findings, derivatives of artemisinin (which artesunate 
and artemether are an example) have been documented to have 
limited side effects and are generally safer (Price et al., 2000) 
compared to the aminoquinolines (which quinine, chloroquine 

and amodiaquine belong to) which are reported to be gastric 
mucosa aggressive and precipitate gastric ulceration (Ajeigbe 
et al., 2008; Sha et al., 2013). Kalange et al. (2020) had also 
reported that Artesunate confers protection against 
indomethacin-induced gastric ulcer. 
 Neutrophils are the major source of inflammatory mediators 
as they can release potent reactive oxygen species such as 
superoxide, hydrogen peroxidase and myeloperoxidase 
derived antioxidants (Cheng and Koo, 2000); which are highly 
cytotoxic and can induce tissue damage (Cheng and Koo, 
2000). Neutrophil-to-lymphocyte ratio (NLR) has been used 
as a surrogate marker of systemic inflammation (Vatankhah et 
al, 2017; Jafarzadeh et al, 2013; Ajayi and Olaleye, 2020; 
Salami et al., 2021). Increase in NLR is indicative of more 
inflammation, while a decrease suggests reduced 
inflammation, which gives rise to improved healing.  
 In the present study, platelet count was increased in the 
animals with experimental ulcers when compared with the 
control on day 3 post-ulcer. Platelets have been documented 
to also control inflammation and reduce the immune responses 
despite their haemostatic activity during disease conditions 
(Herter et al., 2014, Stocker et al., 2017). The observed 
platelet increase (day 3 post ulceration) might have enhanced 
the inflammatory phase of gastric ulcer healing in the present 
study as they act as modulators of inflammation (Kim et al., 
2017). Platelet contains a wide range of factors capable of 
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promoting tissue growth and new blood vessel formation 
(angiogenesis) including vascular endothelial growth factor 
(VEGF) (Linder et al., 1979; Maloney et al., 1998), 
transforming growth factor- β and platelet factor-4 (Folkman 
et al., 1991; Schmassmann et al., 1995; Von Hundelshausen 
et al., 2001). Probably, the facilitated gastric ulcer healing in 
the antimalarial treated groups might have been due to the 
deposition of various growth factors at the gastric ulcer sites 
(Ma et al. 2000) during the haemostatic phase of gastric ulcer 
healing. Platelet-Nitric oxide ratio (P/NO) is a marker of 
angiogenesis (Radziwon-Balicka et al., 2012; Fukumura et al., 
2006, Fukumura et al., 2001) and it was increased by day 3 but 
decreased by day 7 in the antimalarial treated groups. This 
observation indicates an increased nitric oxide level which is 
responsible for increased blood flow to the submucosa thus 
facilitating tissue oxygenation, nourishment to and probably 
angiogenesis at healing gastric ulcerated site (Seabra et al., 
2015). 
 Anti-malarial drugs such as chloroquine (Park et al., 2004), 
artesunate (Anusha and Nirbhay, 2015) and ferroquine 
(Faustine et al., 2008) acts by generating reactive oxygen 
species from its endoperoxide bond (Maggs et al., 1998); 
leading to increased lipid peroxidation. In the present study, 
the Malondialdehyde (MDA) level of the antimalarial treated 
groups increased and this is following the observation by 
Ajeigbe et al. (2018). In the present study, gastric protein 
concentration was increase by day 3 but reduced by day 7 in 
the antimalarial treated groups which might have been due to 
earlier reports of increased protein catabolism during gastric 
ulcer (Segawa et al., 1985). However, the increased MDA 
levels in the antimalarial treated groups, further demonstrates 
the action of antimalarial in inducing oxidative stress (Rio et 
al., 2005, Giordano et al., 2005) and might have also been 
responsible for the depleted protein levels in the antimalarial 
treated groups.  
 Studies have shown that cells maintain a variety of defences 
against oxygen toxicity and living system protect against 
oxidative damage by anti-oxidant enzymes and other 
endogenous anti-oxidant sources (Nilesh et al., 2010). 
Sulfhydryl protein is an important antioxidant defence system 
against ulceration by binding to oxygen radicals (Salim, 1985) 
and contributes to protein synthesis (Turner et al., 1977); thus, 
acting as agents that (may) repair minor breaches in the 
gastrointestinal mucosa as well as maintaining the mucosa 
integrity. In this study, artequine and artesunate enhanced 
gastric sulfhydryl compound evident in the repair of gastric 
mucosa damage (caused by ulceration) and probably 
facilitated healing unlike Chloroquine treated groups. This 
shared the same view with previous observations by Simon, 
(1961), who reported the inhibitory effect of chloroquine on 
sulfhydryl group reactivity. 
 Nitric oxide plays a vasodilatory role in gastric 
microcirculation during acid secretion (Pique et al., 1987; 
1992) and endothelial nitric oxide synthase (eNOS) –derived 
NO is the most important in terms of the healing process via 
angiogenesis (Lee et al., 1999). Gastric nitrite level in the 
present study was decreased in all the antimalarial treated 
groups which probably reflected vasoconstriction and reduced 
blood flow to the ulcerated site. 
 Mast cells are crucial in wound healing and maintenance of 
the structural and functional integrity of the gastric epithelium 
(Nakayima et al., 1996) as well as a rich source of 
inflammatory mediators such as histamine, proteoglycans, the 

proteases tryptase and chymase, lipids, growth factors and 
cytokines (da Silver et al, 2014). Many of these mediators have 
effects on cell growth, tissue turnover and repair. In chronic 
gastric ulcers, it has been reported that mast cells were 
numerous in the gastric mucosa and they are often in contact 
with the epithelial margin as detected immunohistochemically 
(Nakajima et al., 1996). In an infected mucosa such as an 
ulcerated stomach, mast cells act in the inflammatory phase of 
gastric ulcer healing through the release of pre-stored 
mediators – histamine, serotonin, prostaglandins etc 
(Theoharides et al., 2012).  
 However, the intensity of mast cell infiltration in gastric 
mucosa positively correlates with the intensity of neutrophil 
and mononuclear infiltration into ulcerated areas leading to 
inflammatory reaction modulated by platelets (Slaba et al., 
2015). The degranulated mast cell count (as shown in plate… 
gastric tissue histology) was increased in ulcerated artequine 
and chloroquine treated groups by days 3 and 7. This might 
have resulted in increased release of mast cell contents which 
probably facilitated gastric ulcer healing. One of the released 
contents of mast cells on degranulation is histamine which has 
been reported to facilitate angiogenesis (Norrby, 2002) 
through microvasculature permeability.  
 Prostaglandin (Ricciotti et al., 2011) and platelet-activating 
factor (Krystel-Whittemore et al., 2015) released from 
degranulated mast cell; enhances vascular permeability as well 
as Leukocyte cell adhesion which draws or attract neutrophils 
(Gaboury et al.,1995 ) and platelets (Kubes and Kanwar 1994) 
towards the ulcerated site for increased healing. Degranulated 
mast cells activities at the ulcerated region might have been 
linked to or initiated by the increased platelet counts observed 
in these groups which modulated the excessive release of mast 
cell contents. Earlier it was observed that the gastric nitrite 
(nitric oxide) level in the ulcerated antimalarial treated groups 
was reduced, unlike the ulcerated untreated groups. For proper 
leukocyte cell adhesion to occur there has to be reduced 
venular blood flow (Panes and Granger, 1998; Panes et al., 
1999) to ensure a firm adhesive bond so that the produced 
leukocyte will be stationary. Reduced venular blood flow is 
partly achieved via reduced tissue nitric oxide availability 
(Arndt et al., 1993) as occurred in the ulcerated antimalarial 
treated groups; these might have resulted in the increased 
white blood cells (leukocytes) and platelet counts (especially 
by day 3 post ulceration). These observations were 
ameliorated by day 7 in all the antimalarial treated groups 
where there was a reduced white blood cell count (especially 
neutrophils) and Platelet nitric oxide (P/N 
O) ratio but increased gastric nitrite levels (NO). 
 This observed inverse relationship especially at day 3 
(reduced NO and increased platelet) in this study has been 
documented by Jin and Loscalzo (2010) in which NO has been 
stated to exert antiplatelet and antithrombotic activities. This 
inverse relationship might have accounted for the prevention 
of platelet-dependent thrombosis in the ulcerated antimalarial 
treated groups during gastric healing especially by day 3 post 
ulceration.  Seales et al. (1999) and Thomas et al., (2002) 
documented that while platelets are activated, there is 
increased generation of ROS notably H2O2 (which act as a 
form of signal for platelet activation) but are checked by 
increased NO availability. A similar trend was observed in this 
study in which there were increased H2O2 levels in the 
ulcerated untreated group but checked by the increase in NO 
in the same group by day 3 thus indicating controlled platelet 
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activation. This synergic relationship was also observed in the 
ulcerated chloroquine and zinc treated groups by day 7 post 
ulceration. 
 Histological evaluation from this study shows abundant 
fibroblast, moderate oedema, moderate infiltration of 
inflammatory cells into the submucosa and moderate 
angiogenesis in the submucosa of the ulcerated antimalarial 
treated groups unlike untreated groups with multiple foci of 
ulceration. These features might be as a result of the secreted 
components from degranulated mast cells such as Histamine, 
prostaglandins D2 and leukotrienes (from leukocyte adhesion) 
which stimulates vasodilation (increased nitric oxide) 
resulting in gastric oedema (Serafin et al., 1987) and fibroblast 
(Dave et al., 2014) accumulation at the ulcerated site 
(Bradding et al., 1992). Fibroblast enhance healing of 
ulcerated gastric ulcer (Konturek et al., 1993) while promoting 
angiogenesis that supplies nutrients and oxygenation of newly 
formed gastric tissues Folkman et al., 1992) 
 In conclusion, the findings of this study suggest that 
treatment with Artesunate and Artequine ameliorate gastric 
ulcer via stimulation of gastric sulfhydryl level, nitric oxide 
levels and in turn blood flow to the wound site for proper 
leukocyte adhesion by day 3. These reactions were reverted by 
day 7 via modulating oxidative stress (notably hydrogen 
peroxide a signal for platelet activation) to the barest minimal 
level during gastric ulcer healing. 
. 
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