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Abstract 

Oral exposure to aluminium phosphide (ALP), an extensively used pesticide, has been reported to cause multiorgan and systemic 

toxicity, including significant gastrointestinal damage. Quercetin (QUE) is widely recognized for its ability to protect the 

gastrointestinal tract against various insults and toxicities. However, its likely protective effects against ALP-induced gastric 

toxicity is largely undocumented. Hence, this study was designed to evaluate the protective role of quercetin against aluminium 

phosphide induced-gastric toxicity in Wistar rats. Male Wistar rats were divided into seven groups: Groups I and II served as 

control and vehicle control, while Groups III-VII received for 28 days, ALP (2mg/kg) alone, QUE (25mg/kg) alone, QUE 

cotreatment+ALP, QUE pretreated+ALP and ALP+QUE posttreatment, respectively. Blood and gastric juice samples were 

collected under anaesthesia for haematological and biochemical analyses. The stomach tissues were excised and analysed for 

gastric mucin content, malondialdehyde (MDA), superoxide dismutase (SOD), nitric oxide (NO), reduced glutathione (GSH) 

and histology Data were analysed using one-way ANOVA and Newman-Keuls’ post-hoc test (p<0.05). Quercetin significantly 

mitigated ALP-induced gastric toxicity (p<0.05) with co-treatment and pretreatment groups showing enhanced SOD and GSH 

levels, reduced MDA and NO, increased mucous and parietal cell counts and preserved mucosal integrity, compared with the 

ALP-only group (Group III, p<0.05). Post-treatment (Group VII) provided moderate recovery but was less effective in reversing 

ALP-induced gastric damage. Except for WBC count, haematological parameters (PCV, haemoglobin, and RBC count) showed 

no significant changes across groups (p>0.05). Quercetin treatment mitigated ALP-induced gastric toxicity, with co-treatment 

and pre-treatment showing superior protective effects. 
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*INTRODUCTION 

 

It is not an unusual agricultural practice worldwide to protect 

food and commercial produce using pesticides. The most 

commonly used pesticides in agriculture include 

organophosphates, organochlorines, and phosphides, 

especially aluminium phosphide (Mehrpour et al., 2012). 

However, pesticide poisoning has become not only a major 

environmental challenge but also a significant public health 

concern, with numerous unintended cases of poisoning 

resulting in fatalities (Abdollahi et al., 2004).  

One such pesticide, aluminium phosphide, has been reported 

to be highly toxic, liberating phosphine as its active pesticidal 

component (Sudakin, 2005). In humans, its toxicity is acute 

and occurs due to the toxic effects of phosphine, which is 

released in the stomach after ingestion and is widely absorbed 

from the gastrointestinal tract (Mehrpour et al., 2012). 

Aluminium phosphide induces its toxicity by inhibiting 

mitochondrial cytochrome C oxidase, leading to cellular 

hypoxia and stimulating the formation of highly reactive 

hydroxyl radicals (Dua and Gill, 2001). It exerts its toxic 

effects on multiple organs, particularly targeting cardiac and 

vascular tissues, which manifest as profound and refractory 

hypotension, congestive heart failure, and 

electrocardiographic abnormalities (Soltaninejad et al., 2012). 
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In the gastrointestinal tract, it has also been reported to cause 

severe haemorrhage and ulceration (Mojzis et al., 2001). 

It has been reported that aluminium phosphide poisoning does 

not have a specific antidote (Karimani et al., 2018). Treatment 

protocols with some reported benefits include early gastric 

lavage with potassium permanganate, administration of 

activated charcoal, and palliative care (Mehrpour et al., 2012). 

In developing countries, there is no active legislation against 

its use as a pesticide. Due to its affordability, its use remains 

frequent, increasing the likelihood of unintentional poisoning 

in these regions. Therefore, while awaiting legislative action 

against its use, it is essential to investigate substances that can 

mitigate the hazardous effects of aluminium phosphide 

poisoning.  

Quercetin, a common flavonoid found in plants, is widely 

reported to have beneficial effects on human health. It is 

abundantly found in fruits and vegetables such as citrus, 

onions, and apples (Qi et al., 2022). Quercetin has been 

observed to exhibit antioxidant, anti-inflammatory, anti-

atherogenic, anti-carcinogenic, antiviral, and anti-allergic 

properties (Serafim et al., 2020, Aghababaei and Hadidi, 

2023). In the gastrointestinal tract, quercetin has been shown 

to attenuate reactive oxygen species accumulation in damaged 

gastric mucosa, protect against inflammation, enhance 

intestinal barrier function, and modulate gut microbiota 
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composition (Jia et al., 2021). However, whether quercetin can 

protect against aluminium phosphide-induced gastric toxicity 

remains largely undocumented.  

This study was therefore designed to investigate the potential 

of quercetin in mitigating the harmful and toxic effects of 

aluminium phosphide. The study explores quercetin co-

treatment with aluminium phosphide, pretreatment prior to 

aluminium phosphide exposure, and post-treatment following 

aluminium phosphide exposure as treatment protocols for 

evaluating its mitigative and / or ameliorative potentials. 

Aluminium phosphide will be administered to experimental 

animals at a dose of 2mg/kg body weight which is considered 

a sub-lethal, sub-chronic dose in Wistar rats (Assima et al, 

2024) and is used in experimental studies to evaluate its long-

term effects. 

 

MATERIALS AND METHODS 

Animals, Grouping, and Experimental Protocol: Ninety-

eight (98) male Wistar rats weighing between 140–180 g was 

used for this study. The animals were housed in well-

ventilated cages under standard laboratory conditions, 

including natural alternating light and dark cycles, room 

temperature, and ad libitum access to standard rat chow and 

drinking water. The rats were acclimatized for 14 days prior to 

the experimental procedures. Animal care complied with the 

guidelines of the University of Ibadan Animal Care and Use 

Research Ethics Committee and the Guide for the Care and 

Use of Laboratory Animals (National Research Council, 

2011). 

Experimental Design: The animals were randomly divided 

into seven groups and treated as follows;  

Group I (control): Distilled water (0.1 mL/100g b.w) for 28 

days 

Group II (vehicle control): Corn oil (0.1mL/100g b.w.) for 

28 days 

Group III: Aluminium phosphide (2 mg/kg) for 28 days 

(Ghasemi et al, 2024) 

Group IV: Quercetin (25 mg/kg body weight) for 28 days 

(Bule et al., 2019) 

Group V: Aluminium phosphide (2 mg/kg) + Quercetin (25 

mg/kg) concurrently for 28 days.  

Group VI: Pretreated with Quercetin (25 mg/kg) 14 days, 

followed by aluminium phosphide (2 mg/kg) for another 14 

days  

Group VII: Pretreated with Aluminium phosphide for 14 days 

and then Quercetin for another 14 days.  

All treatment were administered by oral gavage using a 

cannula.   

Haematological assessment and evaluation of Gastric 

Mucin: Blood samples (n=5/group) were obtained after the 

various treatments from the orbital sinus, under light 

anaesthesia (sodium thiopental, 50mg/kg) (Ahmadi-

Noorbakhsh et al., 2022), using non heparinized capillary 

tubes, into clean EDTA-containing sample bottles and 

analysed for haematological (red blood cell (RBC) count, 

packed cell volume (PCV), haemoglobin, total and differential 

white blood cell (WBC) counts, platelets) parameters using 

standard laboratory procedures. The stomachs of these 

animals were thereafter harvested for evaluation of gastric 

barrier mucus using the Alcian blue method as described by 

Corne et al., (1974).  Briefly, excised stomachs were soaked 

in 0.1% Alcian blue dissolved in a buffer solution (0.1 M 

sucrose and 0.05 M sodium acetate; pH 5.8) for 2 hours. The 

dye bound to mucin was eluted using 0.5 M MgCl₂ and 

quantified spectrophotometrically at 605 nm. 

Evaluation of Gastric antioxidant status: Stomach tissues 

from another set of five animals per group were excised, 

weighed, and homogenized in 0.1M phosphate buffer (5:1 

w/v; pH 7.4) (Olaleye et al., 2007). Homogenates were 

centrifuged at 10,000 rpm for 15 minutes at 4°C, and the 

supernatant was stored at −20°C for gastric superoxide 

dismutase (SOD) activity (Misra and Fridovich,1972), 

reduced glutathione (GSH) (Ellman,1959), malondialdehyde 

(MDA) (Varshney and Kale, 1990) and nitric oxide (NO) 

(Griess reaction as described by Green et al. 1982) levels, 

respectively. 

Evaluation of gastric secretion pH, electrolyte composition 

and gastric histology: Another set of experimental animals 

(n=4/group) were anaesthetized (sodium thiopental, 50mg/kg) 

and gastric effluents were collected using the pyloric ligation 

method (Shay et al., 1954) and evaluated for the pH of gastric 

secretion and its electrolyte composition. Briefly, after 

anaesthesia, a midline abdominal incision was made in the 

abdominal cavity to expose the stomach. The pyloric sphincter 

was located and ligated (surgical suture) to completely 

obstruct the passage of food from the stomach. The abdominal 

incision was closed and fluid was allowed to accumulate for 

two hours while the animal was still under anaesthesia. 

Thereafter, animals were euthanized, the incision was 

reopened, stomachs were carefully harvested and gastric 

effluents were collected into sample bottles and the pH of the 

effluent was taken using pH meter. The stomachs were then 

infused with 5mL distilled water and effluents added to 

corresponding sample bottles. The collected gastric effluents 

were centrifuged at 3,000 rpm for 10 minutes and analysed for 

Na⁺, K⁺, and Cl⁻ using a semi-automated electrolyte analyser. 

Gastric bicarbonate ions were also measured using standard 

titration techniques.  

The stomachs were then fixed in 10% neutral buffered 

formalin, dehydrated through graded alcohols, embedded in 

paraffin, and sectioned at 5 µm thickness. Sections were 

stained with Haematoxylin and Eosin (H&E) and Period Acid-

Schiff (PAS) and examined under a light microscope for 

histological evaluation of epithelial integrity, mucous cell 

density, parietal and mucous cell count and signs of 

inflammation or ulceration. 

Statistical Analysis: Data obtained are expressed as mean ± 

standard error of the mean (SEM). Statistical comparisons 

between groups were performed using one-way analysis of 

variance (ANOVA) followed by Newman-Keuls post-hoc test. 

Differences were considered significant at p<0.05. 

 

 

RESULTS 

Effect of quercetin on red cell indices in control and 

aluminium phosphide-exposed animals: Red blood cell 
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count (RBC), packed cell volume (PCV), and haemoglobin 

concentration (Hb) values in all experimental groups were not 

significantly different (p>0.05) when compared with control 

values (Table 1). 
 

Table 1:  

Red cell indices in control and experimental groups 
Groups Red blood cell 

count (x103mm-3) 

Packed cell 

volume (%) 

Haemoglobin 

(g/dL) 

 I 6.84±0.22 40.80±1.39 13.62±0.39 

II 7.62±0.21 46.40±1.08 15.16±0.29 

III 7.29±0.56 45.00±3.18 14.64±0.98 

IV 7.76±0.50 47.40±3.72 15.42±1.12 

V 6.80±0.73 41.60±3.91 13.68±1.35 

VI 7.25±0.03 44.20±0.74 14.92±0.21 

VII 7.86±0.21 46.60±1.66 15.60±0.48 
Values are expressed as mean ± SEM, n = 5. I = control group, II = Vehicle 

control, III = Aluminium phosphide only treatment group, IV = Quercetin 

only treatment group, V = Aluminium phosphide+Quercetin cotreatment 
group, VI = Quercetin pretreatment+aluminium phosphide group, VII = 

Aluminium phosphide+Quercetin posttreatment group. 

 

 

Effect of quercetin on white blood cell indices and platelet 

count in control and experimental groups: Total white 

blood cell count (cell/mm3) was increased (p<0.05) in groups 

III, V and VII when compared with groups I and II. However, 

values in groups IV and VI were significantly reduced 

(p<0.05) when compared with group III, but comparable to 

groups I and II, respectively. Neutrophils (%) were 

significantly elevated (p<0.05) in groups III (34.50±3.30), V 

(32.50±0.50) and VI (36.00±0.82) compared to groups I 

(27.25±0.48) and II (27.75±1.25). However, values obtained 

in group VII (20.50±1.19) were reduced when compared with 

groups I and II, respectively. Compared to groups I and II, 

lymphocytes in group VI were significantly reduced (p<0.05). 

Values in group VII were significantly increased when 

compared with group III. No significant difference was 

observed for monocytes counts across all groups while for 

platelets, significant difference was only observed in group 

VII when compared with groups I-III, respectively (Table 2).

 

 

Table 2:  

White blood cell indices and platelet count in control and experimental groups 
Groups Total WBC 

(cell/mm3) 

Neutrophils (%) Lymphocytes (%) Monocytes (%) Platelet Count 

x104 (cell/mm3 

 I 5745.0±108.5 27.25±0.48 68.20±1.36 1.60±0.24 12.30±1.73 

 II 5425.0±131.5 27.75±1.25 68.20±1.32 1.60±0.40 14.88±1.41 

 III 7500.0±212.5*# 34.50±3.30*# 63.80±2.80 1.60±0.37 13.38±0.82 

IV 5945.0±315.3a 30.25±1.89 67.00±1.70 2.20±0.37 12.98±1.73 

V 6388.0±243.9*a 32.50±0.50*# 65.80±1.39 1.60±0.24 11.38±0.69 

VI 5900.0±306.2a 36.00±0.82*# 61.80±1.16*# 1.20±0.20 12.6±2.85 

VII 7363.0±431.7*# 20.50±1.19*#a 74.20±1.93a 1.80±0.37 20.64±1.11*#a 

Values are mean ± SEM; n=5; P<0.05. *, #, a indicates values that are significantly different (p<0.05) from control, vehicle and aluminium phosphide only 

treatment groups, respectively. I = control group, II = Vehicle control, III = Aluminium phosphide only treatment group, IV = Quercetin only treatment group, 
V = Aluminium phosphide+Quercetin cotreatment group, VI = Quercetin pretreatment+aluminium phosphide group, VII = Aluminium phosphide+Quercetin 

posttreatment group. 

 

 

Gastric antioxidant-oxidative balance in control and 

experimental groups: Gastric malondialdehyde (MDA) 

levels in group III (693.80±52.22) increased by 75.4% and 

49.3% when compared with control (395.30 ±1.44) and 

vehicle (429.80±20.68) groups, respectively. Compared to 

group III (693.80±52.22), MDA values in groups IV 

(401.80±43.71), V (421.50±50.27) and VI (342.00±22.62) 

were significantly reduced (P<0.05) while values in group VII 

(618.80±56.15) were comparable (P>0.05). Superoxide 

dismutase (SOD) and reduced glutathione (GSH) in group III 

was significantly reduced when compared with groups I and 

II, respectively. However, values for these antioxidant markers 

in groups IV - VII were significantly increased when 

compared with group III (Table 3). Nitric oxide (NO) was 

significantly increased in group III (p<0.05) when compared 

with control. Values observed in groups IV-VII for NO were 

significantly reduced when compared with group III, 

respectively (Table 3). 

 

Electrolyte Composition of Gastric Juice in control and 

experimental groups: The electrolyte composition of gastric 

juice in control and experimental groups is shown in Table 5. 

Sodium ion concentration (48.06 ± 14.8 mmol/L) in group III 

was significantly increased compared with groups I (38.05 ± 

2.52 mmol/L) and II (37.30±8.94), respectively. Values in 

groups IV-VII were significantly reduced (p<0.05) compared 

with group III. Potassium and chloride ion levels in group III 

(Aluminium phosphide only) increased (p<0.05) by 96.3% 

and 121.4% when compared with the controls (Group I), 

respectively.  Values for potassium and chloride ion levels 

observed in groups IV -VII were significantly reduced when 

compared group III, respectively Bicarbonate levels in group 

VI and VII were significantly decreased, while values in 

groups IV and VI were comparable with control and 

aluminium phosphide only treatment groups, respectively 

(Table 4). 

 

Table 3:  

Effect of Quercetin on gastric antioxidant-oxidative balance in 

control and experimental groups 
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Groups MDA 

(Mu/mg)  

SOD 

(U/mg 

protein) 

GSH 

(mg/mL) 

NO (mM) 

I 395.30 

±1.44 

0.049 

±0.001 

55.31 

±3.132 

0.150 

±0.014 

II 429.80 

±20.68 

0.042 

±0.003 

51.51 

±2.14 

0.144 

±0.005 

III 693.80 

±52.22*# 

0.025 

±0.001*# 

36.08 

±2.29*# 

0.224 

±0.012*# 

IV 401.80 

±43.71 a 

0.049 

±0.005a 

52.97 

±3.79a 

0.147 

±0.001 a 

V 421.50 

±50.27 a 

0.042 

±0.001a 

56.20 

±2.76a 

0.187 

±0.009 a 

VI 342.00 

±22.62 a 

0.050 

±0.003a 

61.36 

±4.27a 

0.085 

±0.006 a 

VII 618.80 

±56.15*# 

0.0375 

±0.002a 

46.35 

±1.27a 

0.116 

±0.010 a 
Values expressed as mean± SEM; n=5, P<0.05. *, #, a indicates values that 

are significantly different (p<0.05) from control, vehicle control and 
aluminium phosphide only treatment groups, respectively. I = control group, 

II = Vehicle, III = Aluminium phosphide only treatment group, IV = Quercetin 

only treatment group, V = Aluminium phosphide+Quercetin cotreatment 
group, VI = Quercetin pretreatment+aluminium phosphide group, VII = 

Aluminium phosphide+Quercetin posttreatment group. 

 

 

Table 4:  

Electrolyte composition of gastric juice in rats treated with 

aluminium phosphide and quercetin 
Groups Sodium 

(mmol/L) 

Potassium 

(mmol/L) 

Chloride 

(mmol/L) 

Bicarbonate 

(mmol/L) 

I 38.05 

±2.52 

4.00 

±1.11 

16.70 

±3.40 

40.38 

±6.16 

II 37.30 

±4.94 

3.55 

±0.40 

17.93 

±2.97 

34.02 

±1.39 

III 48.06 

±4.81* 

7.85 

±2.69*# 

36.98 

±4.59*# 

30.08 

±1.13* 

IV 27.19 

±1.52*#a 

4.59 

±0.99 

15.88 

±1.99a 

32.48 

±3.58 

V 22.73 

±0.97*#a 

2.87 

±0.22*a 

12.27 

±2.15a 

33.42 

±1.74 

VI 30.82 

±1.25*a 

1.80 

±0.03*#a 

11.19 

±1.27a 

08.14 

±2.48*#a  

VII 30.78 

±0.59*a 

1.94 

±0.11*#a 

15.24 

±3.30a 

21.84 

±5.22a 

Values expressed as mean± SEM; n=5, P<0.05. *, #, a indicates values that are 
significantly different (p<0.05) from control, vehicle and aluminium 

phosphide only treatment groups, respectively. I = control group, II = Vehicle 

control, III = Aluminium phosphide only treatment group, IV = Quercetin 

only treatment group, V = Aluminium phosphide+Quercetin cotreatment 

group, VI = Quercetin pretreatment+aluminium phosphide group, VII = 

Aluminium phosphide+Quercetin posttreatment group. 

 

The pH of gastric juice and mucin content in control and 

experimental groups: The pH values for gastric juice in 

group III (3.65±0.47) were significantly reduced when 

compared with groups I (5.57±0.22) and II (5.42±0.81), 

respectively. However, values obtained IV (5.72±0.46) and V 

(5.21±0.74) were increased compared with group III, and 

comparable to controls. The gastric pH values observed in 

groups VI (2.41±0.07) and VII (2.44±0.07) reduced compared 

with control, group III and all other experimental groups 

(Figure 1). The gastric mucin content in group III was 

significantly compared to control and all other experimental 

groups (Figure 2). 

 

 
Figure 1:  

Acidity of Gastric juice in control and experimental groups. 
 Values expressed as mean± SEM; n=5, P<0.05. *, #, a indicates values that 

are significantly different (p<0.05) from control, vehicle and aluminium 

phosphide only treatment groups, respectively. I = control group, II = Vehicle 

control, III = Aluminium phosphide only treatment group, IV = Quercetin 

only treatment group, V = Aluminium phosphide+Quercetin cotreatment 

group, VI = Quercetin pretreatment+aluminium phosphide group, VII = 
Aluminium phosphide+Quercetin posttreatment group. 
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Figure 2:  

Gastric Mucin content in Rats treated with aluminium phosphide and 

quercetin 
Values expressed as mean± SEM; n=5, P<0.05. *, #, a indicates values that are 

significantly different (p<0.05) from control, vehicle and aluminium 
phosphide only treatment groups, respectively. I = control group, II = Vehicle 

control, III = Aluminium phosphide only treatment group, IV = Quercetin 

only treatment group, V = Aluminium phosphide+Quercetin cotreatment 
group, VI = Quercetin pretreatment+aluminium phosphide group, VII = 

Aluminium phosphide+Quercetin posttreatment group. 

 

Parietal and mucous cell counts in control and 

experimental groups: Parietal cell count (cells/field) in 

Group III was increased (414.70±40.38) when compared with 

control (338.00±17.72). Values observed in groups IV 

(480.00±30.10) and V (400.00±30.21) were comparable to 

group III, while values in values in groups VI (638.00±29.40) 

and VII (592.00±24.83) were significantly increased when 

compared with control and all other experimental groups 

(Figure 3). The mucous cell count (cells/field) in group III 

(267.30±15.35) was significantly (p<0.05) reduced compared 

to control (529.30±24.83) and vehicle (564.00±18.61) groups, 

respectively. Values in groups IV-VII were significantly 

increased when compared with group III, respectively (Figure 

4). 

 

 



Babalola et al. Quercetin protects against aluminium phosphide-induced gastrotoxicity 

Archives of Basic and Applied Medicine 13 (October 2025) 103 

I II III IV V VI VII

0

200

400

600

800

Groups

P
a

r
ie

t
a

l 
c

e
ll

 c
o

u
n

t
 (

c
e
ll

s
/f

ie
ld

)

aa

*

 
Figure 3:   

Parietal cell counts in Rats treated with aluminium phosphide and 

quercetin 
Values expressed as mean± SEM; n=5, P<0.05. *, #, a indicates values that are 

significantly different (p<0.05) from control, vehicle and aluminium 
phosphide only treatment groups, respectively. I = control group, II = Vehicle 

control, III = Aluminium phosphide only treatment group, IV = Quercetin 

only treatment group, V = Aluminium phosphide+Quercetin cotreatment 
group, VI = Quercetin pretreatment+aluminium phosphide group, VII = 

Aluminium phosphide+Quercetin posttreatment group. 

 

I II III IV V VI VII

0

200

400

600

800

Groups

M
u

c
o

u
s
 c

e
ll
 c

o
u

n
t
 (

c
e
ll
s
/f

ie
ld

)

*#

a
a

 
Figure 4:   

Mucous cell counts in Rats treated with aluminium phosphide and 

quercetin 
Values expressed as mean± SEM; n=5, P<0.05. *, #, a indicates values that 

are significantly different (p<0.05) from control, vehicle and aluminium 
phosphide only treatment groups, respectively. I = control group, II = Vehicle 

control, III = Aluminium phosphide only treatment group, IV = Quercetin 

only treatment group, V = Aluminium phosphide+Quercetin cotreatment 
group, VI = Quercetin pretreatment+aluminium phosphide group, VII = 

Aluminium phosphide+Quercetin posttreatment group. 

 

Gross morphology of the gastric tissue in control and 

experimental groups: Evaluation of stomach samples in 

groups I and II show preserved mucosa epithelial cells layer 

(a), the submucosal layers appeared normal and were not 

infiltrated by inflammatory cells (b) (Figure 4 I-II). In Group 

III, the gastric architecture was moderately preserved, the 

mucosa epithelial cells layer showed moderate to severe 

erosion (a), the submucosal layers also had severe vascular 

congestion however, infiltration by inflammatory cells was 

not observed (b) (Figure 4-III). Gastric tissue from group IV 

showed normal architecture. However, the mucosa epithelial 

cell layer was poorly preserved (a) and the submucosal layers 

appeared mildly infiltrated by inflammatory cells (b) (Figure 

4-IV). Group V also showed normal architecture, with mucosa 

epithelial cells layer being moderately preserved (a). The 

submucosal layers in this group appeared normal and were not 

infiltrated by any inflammatory cells (b) (Figure 4-V). 

Samples from group VI had gastric architecture and mucosa 

epithelial cells layer that was poorly preserved with focal areas 

of mild ulceration (a), the submucosal layers showed mild 

vascular congestion but were not infiltrated by any 

inflammatory cells (b) (Figure 4-VI). Gastric tissue in group 

VII had poor architecture, the mucosa epithelial cells layer was 

poorly preserved with severe ulceration (a), the submucosal 

layers also showed severe vascular dilation and congestion (b), 

and increased connective tissue deposition (Figure 4-VII).  

The mucosa layer (c) in control and all experimental groups 

showed no infiltration of the gastric glands and lamina propria 

and the circular muscle layer (d) in these groups all appeared 

normal. 

 

 
 
Figure 4:  

I-VII Stomach sections in control and experimental groups (H and E, 

x100). 

 

 
Figure 5:  

I-VII) Mucin secretion in stomach sections for control and 

experimental groups (PAS, x400). 
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Histological evaluation for mucin secretion in control and 

experimental groups: Evaluation of the gastric samples in 

groups I, II, IV, and V showed normal surface epithelia mucin 

production and intracellular mucin production (slender arrow). 

Group III exhibited mild surface epithelia mucin production 

and no intracellular mucin production (slender arrow), group 

VI showed moderately increased surface epithelia mucin 

production and intracellular mucin production (slender arrow), 

while samples from group VII showed mild surface epithelia 

mucin production and no intracellular mucin production 

(slender arrow) (Figure 5: I-VII). 

 

 

 

DISCUSSION 

 

Environmental toxicants pose a great danger to man and his 

environment. The risk posed by these toxicants to human 

health depends on the concentration and duration of exposure 

(Sokan-Adeaga et al., 2023). Haematological profile, changes 

in organ weight and other pathological manifestations are used 

to assess exposure to toxicants with haematological 

assessments remaining the frontline indicator before other 

major injuries become obvious. In this study, PCV, Hb and 

RBC count were not significantly affected by exposure to 

aluminium phosphide. However, the observed increase in 

WBC counts in this group (aluminium phosphide only) may 

suggest possible reactions to the presence of infection or 

toxicants. Quercetin pre-treatment or co-treatment with 

aluminium phosphide resulted in reduced WBC count relative 

to aluminium phosphide only suggesting an improvement in 

the inflammation and immune mechanisms in the body. 

However, differential WBC in these groups showed elevated 

neutrophils (groups V and VI) and reduced lymphocytes 

(group VI only) suggesting that these animals might still be 

experiencing some level of infection or inflammatory reaction. 

White blood cell count, neutrophils and lymphocytes in group 

VII (ALP+Quercetin post-treated), were elevated suggesting 

the presence of inflammation and or activated immune 

mechanisms in this group.  It is likely that Quercetin treatment 

(group V and VI) may by preventing leucocytosis and 

neutrophilia which have been associated with ALP exposure 

(Yuan et al., 2020).  

Pesticides, like many other environmental toxins, are known 

to generate oxidative stress and data have suggested that 

reactive oxygen species (ROS) production plays a significant 

role in the toxicity of these compounds (Abdollahi et al., 

2004). The stomach's antioxidant defence system is crucial for 

protecting the gastric mucosa from damage caused by reactive 

oxygen species (ROS) and free radicals (Kemmerly and 

Kaunitz, 2013). In line with other reports, this study shows 

elevated gastric malondialdehyde (a marker of lipid 

peroxidation) and nitric oxide levels as well as reduced 

antioxidant (GSH level and SOD) activity in the ALP only 

exposure groups (group III) which suggests an overwhelmed 

gastric antioxidant defence system, increase in lipid 

peroxidation and possibly, cellular damage (Kariman et al., 

2012). Quercetin, a naturally occurring flavonoid has been 

reported to possess a wide array of effects including potent 

anti-inflammatory, antioxidant, antibacterial, antiviral, 

gastroprotective, and immune-modulatory properties 

(Vollmannová et al., 2024). In this study, treatment with 

quercetin was able to significantly ameliorate ALP-induced 

gastric oxidative damage in the pre-treated and co-treated 

groups, respectively. However, Quercetin was not able to 

reverse already existing oxidative damage to the gastric tissue 

in group VII, as MDA levels were still elevated despite slight 

increases in GSH and SOD as well as reductions in NO levels. 

This study also shows an increase in gastric mucin in the ALP 

only treated group suggesting a potentiation of mucin 

secretion in response to the assault of aluminium phosphide on 

the stomach. Furthermore, the reduced mucous cell counts in 

this group suggests likely overactivity resulting in exhaustion 

and mucous cell death. More so that the gastric tissue slices 

from this group showed mild surface epithelia mucin 

production and no intracellular mucin production (Figure 

5:III). Parietal cell counts were also elevated in the ALP only 

treated group suggesting increase acid secretion and hence an 

increase in the amount of gastro-aggressive factors in the 

stomach. This increase in gastro-aggressive factors may 

account for the impaired gastric architecture, moderate to 

severe erosion of the mucosa epithelial cell layer and severe 

vascular congestion in the submucosal layers that was 

observed in the ALP only treated group (group III). Treatment 

with quercetin (concurrent and pretreatment) in the ALP 

exposure groups suggests a reversal of mucin secretion to 

normal levels as values for mucin and mucous cell count seen 

in these groups were found comparable to control. In addition 

to this, moderate to normal surface epithelia mucin production 

and intracellular mucin production were observed in these 

groups (V-VI) further reflecting a likely restoration of normal 

mucin and mucus cell function in these groups. In group VII 

(ALP+Quercetin), mucin levels were not only found to be 

elevated, mucous cell counts were not completely reversed to 

values similar to control suggesting that some level of ALP 

gastrotoxicity might still be present. Moreso that gastric 

tissues from this group showed mild surface epithelia mucin 

production and no intracellular mucin production (Figure 

5:VII).  Increased parietal cell counts was also observed in 

groups V-VII, with higher values seen in VI-VII, suggesting 

increased acid secretion and likely elevation of gastro-

aggressive factors. This may account for the normal gastric 

architecture with moderately preserved mucosa epithelial cell 

layer seen in group V and the poorly preserved gastric 

architecture, mild to severe gastric ulceration and vascular 

congestion observed in the group VI and VII, respectively. 

The gastric juice is a liquid produced by the gastric glands and 

plays essential roles in gastroprotection, digestion and nutrient 

absorption (Martinsen et al., 2019). It can be described as a 

liquid of variable composition consisting of water, 

hydrochloric acid, electrolytes (sodium, potassium, calcium, 

phosphate, sulphate, and bicarbonate), and organic substances 

(mucus, pepsins, and protein) (Martinsen et al., 2019). It 

provides an acidic medium that kills ingested bacteria and 

helps protein digestion. The electrolytes contained therein 

help to maintain the osmotic balance within the stomach which 

ensures proper fluid flow, facilitate enzyme action and prevent 

dehydration (Adewoye et al., 2007). The secretion of 

electrolytes into gastric juice is dependent on the constant 

exchange of electrolytes between the intracellular fluids (ICF) 

of gastric cells and the extracellular fluid (ECF) (Pitts, 1974). 

Hence alteration of electrolytes in the ECF will likely affect 

the ICF concentration of electrolytes of gastric cells which 

contribute to the electrolyte composition of gastric juice 

(Adewoye et al., 2007). This study shows a depletion in gastric 

juice Na+, Cl- and, to a lesser extent, HCO3
- levels as well as 

reduced pH (increased acidity) in animals exposed to ALP 

only compared with control, suggesting a likely reduction in 

the ability of the juice to protect the gastric walls against its 

acidic content. Treatment of ALP exposed animals with 
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quercetin (co-, pre- and post- treatment) did not appear to 

reverse the observed gastric juice electrolyte aberrations as 

Na+, Cl-, K+, HCO3
- and pH levels (except group V) were still 

reduced and compared with control. The alteration may be 

ascribed to the effects of ALP on the ECF which include 

hypokalaemia, metabolic acidosis or mixed metabolic 

acidosis, hypomagnesemia and hyponatraemia resulting in 

alterations in the ICF of gastric cells and hence gastric juice 

electrolyte composition (Saffaei et al., 2022) 

In conclusion, this study shows that oral exposure to 

aluminium phosphide results in gastrotoxicity marked by 

increased oxidative stress markers, severe reductions in 

mucous cell count despite increased mucin secretion, 

increased parietal cell counts resulting in increased acidity 

(reduced pH) of gastric juice, and compromised gastric 

mucosal integrity. Quercetin treatment, particularly when 

administered as a pre-treatment before exposure to aluminium 

phosphide and co-treatment with aluminium phosphide, 

significantly mitigated these effects by reducing oxidative 

damage, preserving mucous secretion, and facilitating the 

integrity of the gastric mucosa. It is likely that pretreatment 

and co-treatment with quercetin may help prime the gastric 

mucosa and enhance its resistance to aluminium phosphide 

induced-oxidative damage. This study also suggests in 

conditions of where gastrotoxicity caused by aluminium 

phosphide already exists, treatment with quercetin may not 

mitigate already existing pathologies. 

 

 

REFERENCES 

 

Abdollahi, M., Ranjbar, A., Shadnia, S., Nikfar. S., Rezaie, A. 

2004. Pesticides and oxidative stress: a review. Med Sci 

Monit. 10(6):RA141-7. 

Adewoye, E.O., Olaleye, S.B., Ige, A.O. 2007. Acid secretory 

response and electrolyte composition of gastric juice in 

Diabetic rats. Afr. J. Biomed. Res. 10: 145 – 151. 

Aghababaei, F., Hadidi, M. 2023. Recent Advances in 

Potential Health Benefits of Quercetin. Pharmaceuticals 

(Basel). 2023 Jul 18;16(7):1020. doi: 10.3390/ph16071020. 

Ahmadi-Noorbakhsh, S., Farajli, A.M., Ghasemi, M., Bayat, 

G., Davoodian, N., Sharif-Paghaleh, E., Poormoosavi, S.M., 

Rafizadeh, M., Maleki, M., Shirzad-Aski, H., Kargar, J.H., 

Dadkhah, M., Khalvati, B., Safari, T., Behmanesh, M.A., 

Khoshnam, S.E., Houshmand, G., Talaei, S.A. 2022. 

Anesthesia and analgesia for common research models of 

adult mice. Lab Anim. Res. 38(1):40. doi: 10.1186/s42826-

022-00150-3. 

Assima, M.A., Essotolom, B., Agbobli, Y.A., Aboudoulatif, 

D., Dossou-Yovo, K.M., Assih, M., Sanvee, S., Bakoma, B., 

Lawson-Evi, P., Darre, T. (2024). Cytotoxicity, Acute and 

Sub-acute Study of Aluminium Phosphide in Rats, Toad and 

Rabbit. Pharmacologia. 15:1-10. 

10.17311/pharma.2024.01.10. 

Bule, M., Abdurahman, A., Nikfar, S., Abdollahi, M., Amini, 

M. 2019. Antidiabetic effect of quercetin: A systematic 

review and meta-analysis of animal studies. Food Chem. 

Toxicol. 125: 494-502, doi.org/10.1016/j.fct.2019.01.037. 

Corne, S.J., Morrissey, S.M., Woods, R.J. 1974. Proceedings: 

A method for the quantitative estimation of gastric barrier 

mucus. J Physiol. 242(2):116P-117P. 

Dua, R., Gill, K.D. 2001. Aluminium phosphide exposure: 

implications on rat brain lipid peroxidation and antioxidant 

defence system. Pharmacol Toxicol. 89(6):315-9. doi: 

10.1034/j.1600-0773.2001.d01-167.x. 

Ellman, G.L. 1959. Tissue sulfhydryl groups. Arch Biochem 

Biophys. 82(1):70-7. doi: 10.1016/0003-9861(59)90090-6. 

Ghasemi, H., Manesh, S.F.M., Kheiripour, N., Asl, S.S., 

Jouzdani, A.F., Ranjbar, A., Abdolvahab, M.H. 2024. An 

Oxidative Stress Study on Curcumin and NanoCurcumin 

against Aluminium Phosphide-induced Kidney Injury in 

Rats: The Role of SIRT1/FOXO3 Signalling Pathway in 

Nephrotoxicity. Pharm Nanotechnol. 12(5):449-458. doi: 

10.2174/2211738511666230821124704.  

Green, L.C., Wagner, D.A., Glogowski, J., Skipper, P.L., 

Wishnok, J.S., Tannenbaum, S.R. 1982. Analysis of nitrate, 

nitrite, and [15N] nitrate in biological fluids. Anal Biochem. 

126(1):131-8. doi: 10.1016/0003-2697(82)90118-x. 

Jia, H., Zhang, Y., Si, X., Jin, Y., Jiang, D., Dai, Z., Wu, Z. 

2021. Quercetin Alleviates Oxidative Damage by 

Activating Nuclear Factor Erythroid 2-Related Factor 2 

Signalling in Porcine Enterocytes. Nutrients. 13(2):375, doi: 

10.3390/nu13020375. 

Kariman, H., Heydari, K., Fakhri, M., Shahrami, A., 

Dolatabadi, A.A., Mohammadi, H.A., Gharibi, M. 2012. 

Aluminium phosphide poisoning and oxidative stress: 

serum biomarker assessment. J Med Toxicol. 8(3):281-4. 

doi: 10.1007/s13181-012-0219-1. 

Karimani, A., Mohammadpour, A.H., Zirak, M.R., Rezaee, R., 

Megarbane, B., Tsatsakis, A., Karimi, G. 2018. Antidotes 

for aluminium phosphide poisoning - An update. Toxicol 

Rep. 28(5):1053-1059. doi: 10.1016/j.toxrep.2018.10.009. 

Kemmerly, T., Kaunitz, J.D. 2013. Gastroduodenal mucosal 

defence. Curr Opin Gastroenterol. 29(6):642-9. doi: 

10.1097/MOG.0b013e328365d42e. 

Martinsen, T.C., Fossmark, R., Waldum, H.L. 2019. The 

Phylogeny and Biological Function of Gastric Juice-

Microbiological Consequences of Removing Gastric Acid. 

Int J Mol Sci. 20(23):6031. doi: 10.3390/ijms20236031. 

Mehrpour, O., Jafarzadeh, M., Abdollahi, M. 2012. A 

systematic review of aluminium phosphide poisoning. Arh 

Hig Rada Toksikol. 63(1):61-73. doi: 10.2478/10004-1254-

63-2012-2182. 

Misra, H.P. and Fridovich, I. 1972. The Role of Superoxide 

Anion in the Autoxidation of Epinephrine and a Simple 

Assay for Superoxide Dismutase. J. Biol. Chem., 247, 3170-

3175. 

Mojzis, J., Hviscová, K., Germanova, D., Bukovicová, D., 

Mirossay, L. 2001. Protective effect of quercetin on 

ischemia/reperfusion-induced gastric mucosal injury in rats. 

Physiol Res. 50(5):501-6. 

National Research Council (US) Committee for the Update of 

the Guide for the Care and Use of Laboratory Animals. 

(2011). Guide for the care and use of laboratory animals (8th 

ed.). Washington, DC: National Academies Press. 

Olaleye, S.B., Adaramoye, O.A., Erigbali, P.P., Adeniyi, O.S. 

2007. Lead exposure increases oxidative stress in the gastric 

mucosa of HCl/ethanol-exposed rats. World J 

Gastroenterol. 13(38):5121-6, doi: 

10.3748/wjg.v13.i38.5121. 

Pitts, R.F. 1974. Physiology of the Kidney and body fluids. 

3rd edition: Year book Medical publishers. Inc, Chicago: pp 

11-34. 

Qi, W., Qi, W., Xiong, D., Long, M. 2022. Quercetin: Its 

Antioxidant Mechanism, Antibacterial Properties and 

Potential Application in Prevention and Control of 

Toxipathy. Molecules. 27(19):6545. doi: 

10.3390/molecules27196545. 

Saffaei, A, Zahedi, N, Shadnia, S, Erfantalab, P, Rahimi, M. 

2022. Normal Acid Base Balance in aluminium phosphide 



Babalola et al. Quercetin protects against aluminium phosphide-induced gastrotoxicity 

Archives of Basic and Applied Medicine 13 (October 2025) 106 

poisoning: Case reports of a rare presentation. Asia Pac J 

Med Toxicol 2022; 11(4):177-179. 

Serafim, C., Araruna, M.E., Júnior, E.A., Diniz, M., Hiruma-

Lima, C., Batista, L. 2020. A Review of the Role of 

Flavonoids in Peptic Ulcer (2010-2020). Molecules. 

25(22):5431. doi: 10.3390/molecules25225431. 

Shay, H., Sun, D.C., Gruenstein, M. 1954. A quantitative 

method for measuring spontaneous gastric secretion in the 

rat. Gastroenterology, 26(6):906-13. 

Sokan-Adeaga, A.A., Sokan-Adeaga, M.A., Sokan-Adeaga, 

E.D., Oparaji, A.N., Edris, H., Tella, E.O., Balogun, F.A., 

Aledeh, M., Amubieya, O.E. 2023. Environmental toxicants 

and health adversities: A review on interventions of 

phytochemicals. J Public Health Res. 2023 Jun 

29;12(2):22799036231181226. doi: 

10.1177/22799036231181226. 

Soltaninejad, K., Beyranvand, M.R., Momenzadeh, S.A., 

Shadnia, S. 2012. Electrocardiographic findings and cardiac 

manifestations in acute aluminium phosphide poisoning. J 

Forensic Leg Med. 19(5):291-3. doi: 

10.1016/j.jflm.2012.02.005. 

Sudakin, D.L. 2005. Occupational exposure to aluminium 

phosphide and phosphine gas? A suspected case report and 

review of the literature. Hum Exp Toxicol. 24(1):27-33. doi: 

10.1191/0960327105ht496oa. 

Varshney, R., and Kale, R.K. 1990. Effects of calmodulin 

antagonists on radiation-induced lipid peroxidation in 

microsomes. Int J Radiat Biol. 58(5):733-43. doi: 

10.1080/09553009014552121. 

Vollmannová,. A, Bojňanská, T., Musilová, J., Lidiková, J., 

Cifrová, M. 2024. Quercetin as one of the most abundant 

represented biological valuable plant components with 

remarkable chemoprotective effects - A review. Heliyon. 

10(12):e33342. doi: 10.1016/j.heliyon.2024.e33342. 

Yuan, K., Zhu, Q., Lu, Q., Jiang, H., Zhu, M., Li, X., Huang, 

G., Xu, A. 2020. Quercetin alleviates rheumatoid arthritis 

by inhibiting neutrophil inflammatory activities. J Nutr 

Biochem. 84:108454. doi: 10.1016/j.jnutbio.2020.108454. 

 

 

 


