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Abstract
The present study aimed to evaluate antidiarrheal potential of prickly pear cladode 
and its hepatoprotective role in different groups of diarrhea-induced mice. Mice re-
ceived cefixime (4 mg/kg of bw) and different concentrations of aqueous cladode 
extract (250 mg/kg of bw, 500 mg/kg of bw and 1000 mg/kg of bw). Feces Salmonella 
typhi ATCC 19430 was used to assess antidiarrheal potential and hematological, bio-
chemical parameters, and histopathological analyses were carried out for 17 days. 
The results showed that administration of Salmonella typhi ATCC 19430 in mice pro-
duced liver injuries with histological damage, whereas 1000 mg/kg of bw cladode 
extract reduced the Salmonella typhi ATCC 19430 load of feces earlier as compared 
to the other groups during 17 days. Hematological parameters, like red blood cells 
(RBCs) (6.19 ± 1.85 × 106/mm3) and hemoglobin (Hb) (10.06 ± 2.03 g/dL), of negative 
control group decreased, while white blood cells (WBCs) (13.46 × 106/mm3) increased 
from reference values. In lipid profile, low-density lipoprotein (LDL) (9.0 ± 2.41 mg/
dL), high-density lipoprotein (HDL) (6.07 ± 2.45 mg/dL) and total cholesterol (TC) 
(35.22 ± 8.29 mg/dL) of negative control group decreased, while triglycerides (TG) 
(168.35 ± 71.75 mg/dL) increased from reference values. Alanine transferase (ALT) 
(60.30 ± 20.33 IU/L), alkaline phosphatase (ALP) (359.9 ± 100.05 IU/L) and aspartate 
transferase (AST) (168.77 ± 66.61 IU/L) of negative control group increased from ref-
erence values. Urea (27.36 ± 10.54 mmol/L) and creatinine (35.29 ± 12.15 mmol/L) 
of the negative control group increased. Cefixime also ameliorated injuries due to 
the administration of Salmonella typhi ATCC 19430. Conclusively, these findings indi-
cated that pure aqueous extract of cladode showed more promising results regarding 
antidiarrheal potential. Hence, cladode might be used in food and supplement formu-
lations as a functional ingredient.
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1  |  INTRODUC TION

Natural products have a particular chemical structure due to which 
these products exhibit several biological activities and nutraceu-
tical properties. Different bioactive compounds, such as tannins, 
alkaloids, saponins, flavonoids, steroids and terpenoids, possess 
antidiarrheal activity (Alemayehu et al., 2022). Prickly pear (Opuntia 
ficus indica) has been reported to be originated in Mexico. Prickly 
pear is produced in several countries around the globe, such as 
South Africa, Italy, Spain and multiple countries in South America 
(especially Argentina, Chile and Brazil). Prickly pear fruit pulp, peel, 
cladode, and seeds have therapeutic properties and are non-toxic 
for human utilization. Their pharmacological activity is dependent 
on different factors, such as components used, extraction method 
type, as well as phytochemical compounds present in extract (Eman 
et al., 2022). Feugang et al. (2020) determined that the prickly pear 
fruit and cladodes extracts might be employed to prepare food sup-
plements and nutraceuticals.

Prickly pear fruit has many health benefits: hypolipidemic and 
hypoglycemic activities. It comprises rich amounts of ascorbic acid, 
vitamin E, fiber, carotenoids and antioxidant components (flavo-
noids, phenols, betaxanthin and betacyanin) and amino acids (glu-
tamic acid, aspartic acid, arginine and glycine) (Osorio et al., 2011; 
Paiz et  al.,  2010). Scientific studies have demonstrated that the 
prickly pear contains different bioactive compounds, such as 
water-soluble pigments (betelains), flavonoids and phenolic acids 
(piscidic acid, quercetin, etc.), vitamin B complex (B1, B2, B3 and 
B6), and soluble and insoluble dietary fibers. These compounds 
have significant antimicrobial activity against different microbes 
including Escherichia coli, Helicobacter pylori, Staphylococcus aureus 
and Salmonella typhi.

According to the World Health Organization (WHO), diarrheal dis-
eases account for an estimated 1.5 million deaths per year globally. 
The prevalence of diarrhea varies by region, with the highest burden 
found in sub-Saharan Africa and South Asia (Schiller et  al.,  2017). 
Children who died due to diarrhea are even more than those who died 
due to AIDS, malaria, measles, injuries and all other post-neonatal 
conditions combined. Different bacteria like Salmonella typhi and 
Candida albicans are the main agents that can be responsible for in-
creasing incidence of diarrhea. Pathogenic bacteria are responsible 
for increasing mortality rate in humans (Alam et al., 2021). The mech-
anism by which Salmonella damages the liver involves several steps, 
such as Salmonella initially invades the intestinal epithelial cells after 
ingestion of contaminated food or water. The bacteria exhibit adher-
ence and penetrate the intestinal lining. Then, once inside the host, 
Salmonella can enter the bloodstream and disseminate throughout 
the body, reaching distant organs, including the liver. Salmonella can 
actively migrate to the liver through the bloodstream, where it infil-
trates liver tissue. The liver is a major organ involved in detoxification, 
metabolism and immune response. Salmonella infection triggers an 
immune response, leading to the activation of immune cells (macro-
phages) in infected liver tissue. In some cases, Salmonella infection can 

lead to the formation of granulomas in the liver. Granulomas are or-
ganized clusters of immune cells that attempt to contain the infection 
(Abdulgafor et al., 2018; Rishi et al., 2009).

Salmonella typhi belongs to the family Enterobacteriaceae that is 
mostly present in the intestines of humans and animals. It is widely 
present in nature and is a causative agent of food poisoning and 
illness in humans and animals (Lee et  al.,  2013). The exact time 
for treatment of Salmonella gastroenteritis has not been defined 
but according to most doctors, it can be cured within 5 to 7 days. 
Previously published research report by Wang et al. (2019) has re-
ported on about Kalimeris indica ethanolic extract in vivo hepato-
protective effects. The authors have concluded that the extract led 
to improvement in liver injury in mice and decreasing tendencies in 
hepatic malondialdehyde (MDA) content and total nitric oxide syn-
thase (tNOS) levels. Moreover, Artemisia annua L. extract has also 
been investigated regarding recovery of acute liver failure by Park 
et al. (2020). In an animal model of acute liver failure, oral adminis-
tration of A. annua L. extract reduced the levels of liver enzymes, 
such as AST and ALT, indicating protection against liver damage. 
Similarly, Kim et al.  (2020) have reported on garlic fermented by 
lactic acid bacteria (LAB) which exhibited hepatoprotective ef-
fects. Fermented garlic extract showed antioxidant activity and in-
creased levels of S-allyl-l-cysteine, total thiosulfinate content, total 
flavonoid content, and ferric-reducing antioxidant power. Samadi-
Noshahr et al. (2021) have evaluated the in vivo hepatoprotective 
effects of fennel seed extract. Fennel seed extract and its active 
compound, such as trans-anethole, have been shown to be effec-
tive in preventing streptozotocin-induced liver injury in rats. Both 
fennel and trans-anethole were found to decrease blood glucose 
levels, reduce liver enzyme activity and improve lipid profile in di-
abetic rats. However, there is no published report available to the 
best of our knowledge on investigation of in vivo anti-salmonella 
properties of aqueous extract of prickly pear cladod and hepato-
logical and toxicological effects. Therefore, the goal of the cur-
rent study is to investigate the protective effect of cladode against 
Salmonella typhi in mice and clarify that Opuntia cladode serves as 
a possible treatment for diarrhea. Histopathological analysis was 
also performed to evaluate the effect of prickly pear cladode ex-
tract on the liver.

2  |  MATERIAL S AND METHODS

2.1  |  Plant material

Prickly pear fruits (Meyer variety) along with cladodes were pro-
cured from the Talagang District, Pakistan. Experiments were 
carried out in the laboratory of the Institute of Food Science and 
Nutrition, University of Sargodha, Sargodha, Pakistan. Fruits and 
cladodes were separately washed to remove dirty material and were 
air-dried and stored in air-tight glass containers at refrigerated tem-
perature ranged 4–6°C until further analysis.
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2.2  |  Test bacterium and culture medium

Salmonella typhi ATCC 19430 was used in this study and provided 
by the Institute of Microbiology, Faculty of Veterinary Science, 
University of Agriculture, Faisalabad. Agar slant was used to main-
tain the bacterial strain at 4°C and sub-cultured on a media plate for 
24 h before antimicrobial test. For bacterial counts and identifica-
tion, Salmonella-Shigella agar was used in mice.

2.3  |  Experimental animals

Male mice (weighing 38–40 g) were used in the study. They were 
bred at the animal house of University of Agriculture, Faisalabad 
at specific temperature (23 ± 2°C). The study was approved by the 
Institutional Review Board (IRB) of University of Sargodha, and the 
number of the IRB approval of the research study is IRB No. UOS-1 
(104)/dean/agri/2120:11-11-2016.

2.4  |  Chemicals for antimicrobial assay

Cefixime and cyclophosphamid procured from clinics were used as 
the reference antibiotic and immuno-suppressor, respectively.

2.5  |  Preparation of aqueous prickly pear 
cladode extracts

Fresh cladodes extraction was carried out according to the method 
described by Benayad et al. (2014) with slight modifications. Cladodes 
(20 g) were ground with water, put in a separate conical flask and 
placed in a shaking incubator (Shing Saeng Skir-601 L, Japan) at 22–
25°C at 40 rpm for 24 h. Macerated extracts were then filtered using 
Whatman No.1 filter paper, and water was evaporated at 45°C and 
60 rpm in a rotary evaporator (Heidolph Laborota 4001, Japan).

2.6  |  Bio-assay studies

2.6.1  |  Induction of diarrhea in mice

Mice were divided into six groups and each group contained 10 
mice. Different treatments, such as T0, T1, T2, T3, T4 and T5, were 
represented by control, negative control, positive control (4 mg/
kg of bw), T1 (250 mg/kg of bw), T2 (500 mg/kg of bw) and T3 
(1000 mg/kg of bw), respectively. Mice were kept in cages for 1 
week before the experiment. Before administration of strain, mice 
were fasted overnight and given 1 mL of saline solution contain-
ing 1.5 × 108 CFU of Salmonella typhi ATCC 19430 to all groups 
except the control group. Strain was given to the negative control 
group. Strain and cefixime (4 mg/kg bw) were given to the positive 

control group. Strain and cladode extract were given to treatment 
groups 1, 2 and 3. The bacterial load of feces was calculated a day 
before the infection and was continually calculated for period of 
4 days after the infection. After giving bacterial suspension, col-
lection of fecal samples was performed every day, and the number 
of bacteria/g of feces was calculated. 1 g of feces was dissolved in 
2 mL saline, and then 100 μL of the fecal mixture was serially di-
luted by using saline distilled water and plated on agar plates. Then 
incubation was carried out at 37°C, and colonies were counted 
(Donald et al., 2015).

2.6.2  |  Blood collection and serum sample 
preparation

Blood was collected, and serum was prepared by using the method 
of Donald et  al.  (2015). After the experiment, mice were anes-
thetized (chloroform) before dissection. Blood was taken by car-
diac puncture, and two test tubes were used for the collection of 
blood. Ethylene diamine tetraacetic acid (EDTA) was present in 
one tube, and no anticoagulant was present in the other tube. The 
anticoagulant-containing tube was used for hematological param-
eters, whereas blood poured into the tube having no anticoagulant 
was used for serum sample preparation. To prepare serum, clotting 
of blood was carried out by putting it at 37°C for 1 h, and then re-
frigeration was performed for another 1 h. Resultantly, the super-
natant was obtained. Centrifugation of supernatant was carried out 
at 1058 rpm for 10 min, and then the clear serum was obtained and 
stored at −30°C for further analysis.

2.7  |  Hematological assays

White blood cells (WBCs), red blood cells (RBCs) and hemoglobin 
(Hb) were determined by using an automated blood analyzer (QBC 
Autoread Plus, UK) (Donald et al., 2015).

2.8  |  Biochemical assays

The prepared serum was used to determine total cholesterol (TC) 
and serum triglycerides (TG), which were determined by the method 
discussed by Notio et al. (2003). High-density lipoprotein (HDL) cho-
lesterol was estimated. Low-density lipoprotein (LDL) cholesterol 
was calculated by Equation 1 reported by Friedewald et al.  (1972) 
given below:

Liver enzymes (ALT, ALP and AST) were estimated by the meth-
odology discussed by Sher and Hung  (2009). Urea and creatinine 
were determined by the method described by Pierre et al. (2017).

(1)LDL = TC − HDL −

[

TG

5

]
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2.9  |  Histopathological analysis

For histopathological analysis, cross-sections of liver were prepared 
and examination was done through methods described by Donald 
et al. (2015). For that purpose, animals were sacrificed, and then liver 
and stomach sections were placed in 10% formaldehyde and washed 
with xylene. These sections were enclosed in wax made up of paraf-
fin and with the help of a rotary microtome and were suctioned up 
to 5 μm thickness. After this, hematoxylin and eosin stainings were 
performed. Then, the light microscope was used to analyze the sec-
tions of the liver and stomach, and microscopic camera was used to 
take photograph (Donald et al., 2015).

2.10  |  Statistical analysis

Experimental data were expressed as means ± SD (standard de-
viation). Differences between groups were evaluated by one-way 
analysis of variance (ANOVA) with Tukey's multiple comparison test. 
Statistical analysis was performed using GraphPad Prism software 
(GraphPad Prism 8.3). Tukey's test was used to statistically evaluate 
the data (Statistics 8.1). The p-value of < .01 was considered to be 
statistically significant.

2.11  |  Ethics

This work was carried out for the welfare of animals as recom-
mended by NENT (2019).

3  |  RESULTS AND DISCUSSION

3.1  |  In vivo antidiarrheal activity of aqueous 
extract of Opuntia ficus indica cladode

Salmonella typhi obtained from feces increased during the first 
day of the infection. The intake of prickly pear cladode extract 
decreased in the Salmonella typhi obtained from feces as shown in 
Figure 1. 250 mg/kg of bw and 500 mg/kg of bw of the extract given 
to the animals did not result in decreasing tendency of Salmonella 
typhi in feces between the fifth and eighth days of the experiment. 
The same observation was obtained for those animals given stand-
ard antibiotics and 500 mg/kg of bw cladode extract on day 5 of the 
treatment period. The Salmonella typhi also decreased in the feces 
of infected and untreated control animals, but this only occurred 
after completion of 4 to 5 days in case of treated animals. The cur-
rent findings obtained from the biological study of diarrhea showed 
that the growth of Salmonella typhi was inhibited after administra-
tion of an aqueous extract of cactus pear cladode. After starting the 
experiment, the decrement of microbial load in infected animals oc-
curred due to the mutual effect of the immune system and cladode 
extract. Whereas a decrease in low microbial load was also noted in 

animals of the negative control group, this only happened in T1 after 
5 to 6 days as compared to those of positive control and other treat-
ment groups. These findings of the current research are in concord-
ance with the work of earlier scientists (Donald et  al., 2015) who 
stated that the reduction of microbial load in infected and treated 
animals was dependent on the dose, and their microbial growth was 
completely removed within 14 to 17 days of treatment. Previous re-
search by Lutterodt et al. (1999) indicated that flavonoids present in 
the extract were responsible for antidiarrheal effect of the extract. 
The results of phytochemicals analysis (data not shown) indicated 
that antidiarrheal activity of prickly pear cladode extract against 
Salmonella typhi might be ascribed to the effect of these compounds 
(Kouitcheu et  al.,  2011). Some other researchers proposed that 
flavonoids are effective antioxidants and showed strong antidiar-
rheal activities (Del & Gutiérrez, 2008). Salmonella enterica, includ-
ing Salmonella typhi and Salmonella paratyphi, cause severe diseases, 
such as typhoid and paratyphoid fevers, which are major global pub-
lic health problems. Antibiotics are commonly used to treat salmo-
nellosis, but the increasing resistance of Salmonella typhi to these 
drugs necessitates the search for new antityphoid agents. Similar 
to results of the current study, Donald et al.  (2015) have reported 
the findings about assessment of in vivo anti-salmonella activity of 
aqueous extract of prostrate spurge (Euphorbia prostrata) against 
Salmonella typhimurium, a strain that induces a systemic infection 
in rats similar to typhoid fever in humans – as well as its toxico-
logical effects were evaluated. Prostrate spurge, a plant abundantly 
found in India and Africa, has been traditionally used for various 
medicinal purposes including digestive system disorders. Previous 
studies have shown that prostrate spurge extracts have antimicro-
bial activity against Salmonella typhi and other Salmonella serotypes. 
The safety of the extract was also assessed through subacute toxi-
cological study. Authors have reported that the aqueous extract 
of E. prostrata showed significant anti-salmonella activity in a rat 
model, reducing the number of viable Salmonella typhimurium in 
feces and effectively treated salmonellosis. The extract was found 
to be non-toxic at certain doses, with no significant (p > .05) changes 
in food and water consumption patterns, and an increase in weight 
gain was observed during the treatment period. However, at higher 
doses, the extract could induce liver damage and inflammation, as 
indicated by elevated serum transaminases levels and histopatho-
logical analysis. Side effects were also observed in case of kidneys, 
as shown by changes in serum, urinary creatinine and urinary pro-
tein levels. The hematological status of the rats after 14 days of 
extract administration showed no significant differences (p > .05) 
compared to that of control groups, except for anemia observed in 
infected and untreated female rats, possibly due to the effects of 
Salmonella infection. In another study carried out by Olatoye and 
Arueya (2018), whereby authors have evaluated the safety of aerial 
yam and Treculia Africana, Murine model involving 30 male albino 
rats was employed for time interval of 28 days. The blood samples 
of rats were then subjected to the hematological and biochemi-
cal assays followed by histological analysis. Authors have conclu-
sively reported that hematological and biochemical parameters did 
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not differ significantly (p > .05) among all treatments as compared 
to those of control. The novel snack food exhibited the immune-
boosting potential with gradual rise in the monocytes. When kid-
ney and liver of snack-fed rats were observed, it was found that the 
rats fed with the snacks did not show any significant pathological 
changes. No signs of toxicity were observed in murine within the 
investigated time period of 28 days. It was evident from the find-
ings that aerial yam and Treculia Africana snacks could be utilized as 
the useful immune adjuvant with health-beneficial properties. In a 
report by Rahmani et al. (2023), rutin is categorized as the flavonoid 
originated from the plant species. It exhibits anti-inflammatory, an-
tiapoptotic and antioxidant properties. In a report published by the 
whereby authors have reviewed potential hepatoprotective, reno-
protective and cardioprotective effects of Rutin. Rutin antioxidant 
potential was ascribed to the increasing tendency of different en-
zymes, such as GST, GGT, CAT, GPx, SOD and GR which resulted in 
activation of Nrf2/HO- 1 pathway. Rutin also exerted its antiapop-
totic effects owing to inhibition of free radicals as well as elevation 
of Bcl-2 protein. Moreover, rutin also exhibited therapeutic effects 
against several antioxidants (carbon tetrachloride, thioacetamide, 
cadmium, mercuric chloride and tert-butyl hydroperoxide).

3.2  |  Effect of aqueous cladode extract on 
hematological parameters of diarrhea-induced mice

The results regarding the influence of aqueous cladode extract with 
respect to treatments and days on hematological parameters of 

diarrhea-induced mice are given in Table  1. It is evident from the 
results that RBCs and Hb of mice of the negative control group (T1) 
significantly (p < .01) differed from the standard values, while the 
WBCs of mice of T1 significantly (p < .01) increased when compared 
to the standard values. It was also observed that after 16 days of 
the experiment, RBCs and Hb decreased while WBCs increased 
from the reference values. Statistically, hematological parameter 
values of T0, T2, T3, T4 and T5 remained within the standard ranges 
and were not influenced by the days and treatment variables. 
In case of infected mice in present study, low Hb levels might be 
due to different factors, such as blocking the iron release, reduc-
tion in the intestinal absorption of iron and inhibition or inappropri-
ate production of erythropoietin. This observation was confirmed 
by Levy et al. (2005). Reduction in RBCs was due to the effects of 
inflammation-causing cytokines on erythroidprogenitor cells. This 
observation was supported by Keast and Fraser (2004). Increase in 
WBCs in infected mice was due to inflammatory mediators. These 
results were in agreement with the finding of Campos et al. (2010).

Another study was conducted by Legba et  al.  (2020), and 
in vivo anti-salmonella activities of Uvaria chamae, Lantana camara 
and Phyllantus amarus (medicinal plants originated from Benin, 
West Africa) were assessed for their effects to treat salmonello-
sis. Authors have concluded that antibiotic resistance in Salmonella 
strains has become a global health concern, leading to the explo-
ration of medicinal plants as an alternative treatment option. The 
findings suggest that the aqueous extract of Uvaria chamae shows 
promising anti-Salmonella activity and could be developed as an im-
proved traditional medicine for the management of salmonellosis. 

F I G U R E  1  Effect of various cladode aqueous extract treatments on fecal shedding (CFU/g) of Salmonella typhi in mice.
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In  vitro tests showed that the aqueous extract of Uvaria chamae 
leaves exhibited the best anti-Salmonella activity. The ethanolic 
extract of Phyllantus amarus leaves, and both ethanolic and aque-
ous extracts of Lantana camara (leaves) also showed activity against 
Salmonella typhimurium ATCC 14028. In  vivo experiments using 
chicks infected with Salmonella typhimurium ATCC 14028 showed 
that after 7 days of treatment, the aqueous extract of Uvaria chamae 
at concentrations of 100, 200 and 400 mg/L resulted in reductions 
of bacterial load by 85, 52.38 and 98%, respectively. Colistin com-
pletely eliminated the bacterial load. The aqueous extract of Uvaria 
chamae was also in vitro and in vivo activities against multi-resistant 
strains of Salmonella enterica, making it a potential candidate for the 
development of traditional medicine for salmonellosis management 
(Legba et al., 2020). In a published report by Panritdum et al. (2024), 
authors investigated the potential impact of chronic liver diseases, 
such as fatty liver disease and hepatitis, on liver cells, with a focus 
on the development of fibrosis, chronic inflammation and cirrhosis. 

This study explored the relationship between these conditions and 
the increased risk of hepatocellular carcinoma, which is the leading 
cause of primary liver cancer. The study specifically examined the 
protective effects of Cleistocalyx nervosum fruit extract (CNPE) and 
cyanidin-3-glucoside (C3G) on liver cell damage and oxidative stress 
caused by hydrogen peroxide (H2O2).

3.3  |  Effect of aqueous cladode extract on lipid 
profile of diarrhea-induced mice

The results of the effect of prickly pear cladode aqueous extract on 
the lipid profile after 17 days of treatment are shown in Figure 2. It 
appeared from results that there were significant (p < .01) changes 
in LDL, HDL, TC and TG of infected and untreated (negative con-
trol group) mice compared to those of control group. The LDL, HDL 
and TC showed significant (p < .01) decreases, while TG showed a 

Groups RBCs (×106/mm3) WBCs (×106/mm3) Hb (g/dL)

Control 8.49 ± 0.32a 6.68 ± 0.37b 12.68 ± 0.33a

Negative control 3.91 ± 0.12b 20.47 ± 0.64a 7.58 ± 0.21b

Positive control 8.61 ± 0.33a 6.63 ± 0.35b 12.61 ± 0.67a

250 mg/kg of bw 8.73 ± 0.43a 6.46 ± 0.33b 12.81 ± 0.66a

500 mg/kg of bw 8.38 ± 0.21a 6.31 ± 0.31b 12.61 ± 0.57a

1000 mg/kg of bw 8.49 ± 0.32a 6.58 ± 0.20b 12.71 ± 0.66a

Note: Control: non-infected and untreated, Negative control: infected and untreated, Positive 
control: infected and treated with drug; Results are mean ± standard deviation of three replicate 
determinations; Mean values presenting different small letters in rows are significantly different 
from each other.

TA B L E  1  Effect of aqueous cladode 
extract on hematological parameters of 
diarrhea-induced mice.

F I G U R E  2  Effect of aqueous cladode extract on lipid profile of diarrhea-induced mice. (a) Low-density lipoprotein, (b) High-density 
lipoprotein, (c) Triglycerides, (d) Total cholesterol. Control (non-infected and untreated), Negative (infected and untreated), Positive (infected 
and treated with drug), 250 mg/kg of bw, 500 mg/kg of bw, 1000 mg/kg of bw (concentration of cladode aqueous extract). Data are 
expressed as the mean ± SDM. **p < .01, compared to the diarrhea control group. *, significant (p < .05), **, highly significant (p < .01).
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significant (p < .01) increment in mice of the negative control group. 
All other groups showed non-significant (p > .05) behavior compared 
to that of control group. Decreased levels of HDL from standard 
values might be attributed to a decrease in the synthesis of choles-
terol, which has played an important role in the structure of these 
lipoproteins due to liver damage. This approach has been observed 
by Razavi et al.  (2012). Serum triglyceride level was increased due 
to the activation of cytokines. Some other researchers found that 
cytokines were active due to lipopolysaccharide and endotoxins 
present in the cell wall structure of Salmonella spp. (Albayrak & 
Kabu, 2016; Feingold et al., 1995; Ly et al., 1995). Decreased LDL 
level in the present work might be due to an increase in triglyceride 
levels in liver. Elevation of TG and lowering of LDL, HDL and TC were 
also observed by Bozukluhan et al.  (2017) who reported that HDL 
level has been increased during inflammation.

3.4  |  Effect of aqueous cladode extract on renal 
function tests (RFTs) of diarrhea-induced mice

In general, there were significant changes in urea and creatinine 
levels of infected and untreated compared to the control group, 
while non-significant (p > .05) changes were observed in urea and 
creatinine level of mice of other groups (Figure 3). In the present 
study, increase in serum creatinine and urea levels was accord-
ing to the findings of earlier researchers (Baser & Civelek, 2013; 
Merhan et al., 2016). In another report by Rasool et al. (2023), au-
thors have conducted research on the medicinal plants, such as 
Argyrolobium roseum (Camb.) Jaub & Spach (Papilionaceae), and 
evaluated the pharmacological effects of ethanolic and aqueous 
extracts of these medicinal plants on trace minerals like lead-
induced oxidative stress on vital body organs. The concentrations 

of different elements were measured by means of atomic absorp-
tion spectrophotometer in conjunction with DPPH and FRAP as-
says. After ingestion of aqueous and ethanolic extracts, the murine 
kidney and liver showed significantly reduced Pb levels in homoge-
nates, especially in rats fed with 600 mg/kg aqueous extracts. It 
was evident from the results that aqueous extracts of Argyrolobium 
roseum (Camb.) Jaub & Spach exhibited the significantly less oxi-
dative stress which led to reduced hepatic and renal damage via 
improvement of antioxidant compounds in treatment group of mu-
rine as compared to that of control.

3.5  |  Effect of aqueous cladode extract on liver 
function tests (LFTs) of diarrhea-induced mice

Figure 4 summarized the observations of aqueous extract effects 
of cladode on liver enzymes (ALT, AST and ALP) after 17 days of 
treatment. Levels of these enzymes were significantly (p < .01) in-
creased in infected and untreated mice compared to the control 
group, while there were no significant (p > .05) changes in mice of 
other groups. Increased levels of AST, ALT and ALP in this study 
were in accordance with the findings of Baser and Civelek (2013) 
and Merhan et al. (2016). Liver enzymes (ALP, ALT and AST) were 
accumulated inside the cells of the liver under normal condi-
tions. However, when the destruction of liver cells occurred, then 
these enzymes were moved into the bloodstream. As a result, the 
concentrations of these enzymes increased in blood (Nesreen 
et  al.,  2021) as observed in the current research. In a study by 
Omage et al. (2019), authors have antioxidant properties and phy-
tochemicals of powder, ethanolic and aqueous extracts of ripe 
Dennettia tripetala fruits. Histological effects of these fruits were 
evaluated on healthy rats by using dose of 1000 mg/kg bw for 

F I G U R E  3  Effect of aqueous cladode extract on renal function tests (RFTs) of diarrhea-induced mice. (a) Creatinine, (b) Urea. Control 
(non-infected and untreated), Negative (infected and untreated), Positive (infected and treated with drug), 250 mg/kg of bw, 500 mg/kg 
of bw, 1000 mg/kg of bw (concentration of cladode aqueous extract). Data are expressed as the mean ± SDM. ** p < .01, compared to the 
diarrhea control group. *, significant; **, highly significant.
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period of 28 days. The extracts did not cause any significant change 
in serum protein profile, liver marker enzymes, creatinine and urea. 
The findings have suggested that D. tripetala fruits exhibit ethno-
medicinal uses. The fruit extracts led to minimal centriole conges-
tion on liver and did not cause any toxicity to vital organs, such as 
heart, kidney and liver. It was indicative from results that fruits of 
D. tripetala may be utilized as source of important phytochemicals 
in conjunction with medicinal properties.

3.6  |  Effect of aqueous cladode extract on liver 
histopathology of diarrhea-induced mice

Histological results of the liver sections are shown in Figure 5. The 
animals of positive control group at dose of 4 mg/kg of bw cefix-
ime showed normal hepatic cells with veins similar to that of the 
control group as indicated in Figure 5c. The liver sections of nega-
tive control mice showed some disturbances in hepatic cells like 

F I G U R E  4  Effect of aqueous cladode extract on liver function tests (LFTs) of diarrhea-induced mice. (a) Alkaline transaminase, (b) Alkaline 
phosphatase, (c) Asparate transaminase. Control (non-infected and untreated), Negative (infected and untreated), Positive (infected and 
treated with drug), 250 mg/kg of bw, 500 mg/kg of bw, 1000 mg/kg of bw (concentration of cladode aqueous extract). Data are expressed as 
the mean ± SDM. **p < .01, compared to the diarrhea control group. *, significant; **, highly significant.

F I G U R E  5  Effect of various doses (mg/kg bw) of aqueous cladode extracts on liver histopathology of diarrhea-induced mice. (a) control 
(T0). (b) negative control group (T1) (infected and untreated). (c) positive control (T2) (infected and treated with drug). (d) treatment group 1 
(T3) 250 mg/kg of bw of aqueous extract of cladode. (e) treatment group 2 (T4) 500 mg/kg of bw of aqueous extract of cladode. (f) treatment 
group 3 (T5) 1000 mg/kg of bw of aqueous extract of cladode.

 20487177, 2024, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.4123 by C

ochraneItalia, W
iley O

nline L
ibrary on [26/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  4769IFTIKHAR et al.

vacuolization, and congested central vein as shown in Figure 5b. 
The liver sections of the animals treated with doses of 250 mg/kg 
of bw, 500 mg/kg of bw and 1000 mg/kg of bw of aqueous extract 
of Opuntia cladode showed clear nucleus, visible central vein and 
well-preserved cytoplasm as indicated in Figure 5d–f. The hepa-
tocellular damage was completely treated in all groups, and no 
histological alterations were observed except in case of negative 
control group.

In this study, cladode extract showed a protective effect on 
a chronic liver injury that might be due to the fact that cladode 
contained different bioactive compounds and exhibited high anti-
oxidant activity as observed in the current study (data not shown). 
The exact mechanism of hepatoprotective effect has yet to be elu-
cidated and is not exactly known. Previous researchers reported 
that lemon flavonoids exhibited hepatoprotective effect on car-
bon tetrachloride-induced liver infection and the process of the 
protective effect was linked to the antioxidant capacity (Minato 
et al., 2003). The observations of current research are in concor-
dance with the findings of previous workers (Anouar et al., 2017; 
Donald et  al.,  2015) and were also confirmed by antioxidant ac-
tivity (data not shown). Leaves were important part of the medic-
inal plant, and intake through mouth was the only reported route. 
In other reports published by Dey and De  (2012) and Nguyen 
et al.  (2019), the most used medicinal plants for treatment of ty-
phoid fever and gastrointestinal disorders were species from the 
Cactaceae family. Different published reports have revealed that 
leaves of medicinal plant could be employed for prevention of 
gastrointestinal disorders (Chegaing et al., 2020; Dey & De, 2012; 
Nguyen et  al.,  2019). Another study was carried out by Ozgun-
Acar et al. (2022). The research paper examined the biochemical, 
pharmacological, and toxicological attributes of Capparis ovata 
water extract (COWE). The study evaluates the mineral and fatty 
acid content, radical-scavenging capacity, and anti-inflammatory 
properties of COWE. The whole-genome transcriptomic profiling 
reveals that COWE modulates immune responses, upregulates 
natural killer cell activation, and affects B-cell proliferation and 
differentiation. Toxicological analysis indicates that COWE at or 
lower doses of 500 mg/kg/day does not cause adverse effects. 
COWE is found to be a rich source of nutrients with high antiox-
idant activity and anti-inflammatory properties, making it a po-
tential adjunct therapy for inflammatory diseases. The study also 
explores the potential toxicological effects of COWE, indicating 
that 250 and 500 mg/kg/day doses of C. ovata can be considered 
safe, while cautious consideration is advised for doses at or above 
750 mg/kg/day.

The overall results of the recent research provided basis for the 
possible utilization of the aqueous extract of Opuntia ficus indica cla-
dode diarrhea treatment. Results obtained in the present research 
revealed that the cladode extract is toxin free. These results showed 
that cladode can be used in the prevention of diarrhea. Antidiarrheal 
activity showed that the extract dose obtained from traditional heal-
ers may be considered relatively safe.

4  |  CONCLUSIONS

The findings of the present study provided convincing evidence 
that aqueous extract of Opuntia ficus indica cladode possessed 
remarkable antidiarrheal activity. Antidiarrheal effect was statis-
tically significant (p < .05) at concentration of 1000 mg/kg dose. 
Moreover, the in  vivo antibacterial activity revealed that the 
dose of extract obtained from traditional healer may be consid-
ered relatively safe. The practice of using conventional medicinal 
plants played a fundamental role in basic health needs in devel-
oping countries to fight with the multi-drug-resistant bacteria. In 
the present study, Opuntia cladode showed significantly (p < .05) 
higher antidiarrheal activity with the presence of various phyto-
chemical constituents in it. Further studies of quantification are 
needed to bring out the therapeutic value of Opuntia ficus indica 
against the gut pathogens. This research provided the scientific 
basis for the utilization of Opuntia ficus indica. Opuntia cladode 
can be used for the treatment of diarrhea and also demonstrated 
that hematology and biochemical parameters may be considered 
valuable prognostic indicators to determine the effect of inflam-
mation on diarrheic mice by using these parameters, the probabil-
ity of correct prognosis can be improved substantially. Histology 
of the liver continued to play an important role in modern hepa-
tological practice.
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