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The anti-diarrheal and anti-inflammatory effects of 
hydroethanol extracts of ripe Annona muricata fruit pulp in 
Wistar rats using curative method

Introduction

Annona muricata is a native green plant to the warmest 
tropical areas in North-South America and has recently been 
extensively cultivated in subtropical parts of the globe.[1,2] 
A. muricata belongs to the Annonaceae family,[3] locally 
known as soursop.[4] Phytochemistry of the hydroethanolic 
extract of A. muricata pulp reveals its potential as a reservoir 
of some essential nutrients such as acetogenins, alkaloids, 
tannins, triterpenes, flavonoids, and steroids. Medicinal 
plants garnered much attention in treating and preventing 
various disease conditions.[5] A. muricata treatment has 
been scientifically known to diverse diseases,[6] including 
diarrhea, inflammation, fever, diabetes, pain, liver disorders, 
and many infections.[7-9]

Diarrhea is a common gastrointestinal disorder caused by 
bacterial infections.[10] It is characterized by abdominal 
pains, watery stools, and increased bowel movement 
frequency.[11] Drugs such as antibiotics are commonly 
employed as antidiarrheal treatments, though side effects, 
compliance, and ineffectiveness due to bacterial resistance 
limit their efficacy.[12] Many medicinal plants like A. muricata 
were documented to possess positive therapeutic antidiarrheal 
effects. The fruit and bark of A. muricata were used to 
treat antidiarrheal complications due to its phytochemical 
constituents by inhibiting intestinal motility and secretions 
that cause diarrhea.[12]

A. muricata is an edible tropical fruit which is common, 
readily available and cheap in the producing country 
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especially Nigeria. The moisture content of fruit is >70%. 
The approximate nutritional composition of soursop includes 
carbohydrates, glucose; proteins; lipids; ash; fiber, citrate. 
The epicarp, mesocarp, and juice of A. muricata fruits contain 
potassium, sodium, iron, magnesium, calcium, chloride, and 
bicarbonate. Carbonate is present in the fruit juices. The juices 
also contained phosphorus, zinc and copper.[13,14]

The previous studies that recommended the use of soursop fruit 
juice[13,14] and use of various other home remedies such as soup, 
rice water, yoghurt drink, unsweetened fresh juice, and resistant 
starch for the treatment of diarrhea[15-17] abound in literature 
and offers hope for the management of acute watery diarrhea.

With the previous points in mind identifying the specific part 
of the plant, concentration, duration of action and preparation 
that is more effective will be of significance to understanding 
more formulation that is efficacious.

Inflammation is the body’s ability to respond to harmful stimuli 
such as tissue damage or pathogenic infection. The role of 
phenolics and flavonoids in the treatment of inflammation 
is as an anti-oxidant, anti-inflammatory, while alkaloids 
and flavonoids exert iron-chelating effect.[18] Inflammatory 
responses generally occur in two phases; acute and chronic 
inflammation.[19] Phytochemistry of A. muricata pulp has shown 
it to possess flavonoids, alkaloids, and phenolic compounds 
such as tannins, saponins, steroids, and triterpenoids. Plants 
with phenolic compounds are known to be of anti-inflammatory 
significance; as such, A. muricata have been employed to treat 
various inflammatory processes.[20] Therapeutic potentials 
report of A. muricata above prompt the present study exploring 
the potentials of the hydroethanolic extract of A. muricata on 
diarrhea and inflammation.

Materials and Methods

Procurement, preparation, and identification of 
A. muricata fruit
Ripe A. muricata fruits were obtained from Nkwo market, 
Nnewi, Anambra State, Nigeria and were identified by a 
Taxonomist – Mr. Iroka, Finian Chisom of the Department of 
Botany, Nnamdi Azikiwe University, Awka, Anambra State. 
The herbarium number (NAUH4A) was deposited in the 
herbarium catalogue. The fruits were washed under a running 
tap to remove debris and air dried. The fruits were cut open, 
and the seeds and back were dicscarded. The ripe fruit pulp was 
mashed with a mortar and pestle. 300 g of the mashed sample 
was milled using an electronic blender (QLINK Multifunction 
food processor, QMFP-128, Turinar Corp., Shang-Hai, China) 
into a coarse form and macerated in 60% distilled and 40% 
absolute ethanol (JHG Chemicals Guangdong, China) for 
48 h. Then, filtration was done using a clean porcelain cloth 
and further filtered using Whatman Qualitative filter paper 
No. 1 (Sigma Aldrich, WHA1001040, USA). The filtrate 

was concentrated using a rotatory evaporator (Digital TT-
52, Techmel and Techmel, USA) and dried further using a 
laboratory oven (DGH-9023A, PEM MEDICAL USA) at 
45°C into a gel-like form. The 40% ethanolic (hydroethanolic) 
extract of ripe A. muricata fruit was preserved in an airtight 
container and kept in a refrigerator at 8oC for further usage. The 
extraction method was done with modifications as described 
according to the method employed by Al-Attar and Abu Zeid 
(2013).[21]

Location of the study
This study was carried out in the laboratory of Department 
of Physiology, Nnamdi Azikiwe University, Nnewi Campus, 
Anambra State, Nigeria.

Animal handling
Ethical approval was obtained from Nnamdi Azikiwe 
University- Animal Research Ethics Committee (NAU AREC), 
Awka (Reference number: NAU/AREC/2022/00002). Rats 
handling and treatments conform to the National Institute of 
Health guidelines for laboratory animal care and use.[22]

Materials
Fifty-(50) inbreed male Wistar rats, Absolute Ethanol (JHD 
Chemicals, Guangdong China), Castor oil, Egg-white, distilled 
water, mortar and pestle, porcelain cloth, Whatman qualitative 
filter paper no. 1 (Sigma Aldrich; WHA1001042, USA), oral 
cannula, and Vanier caliper. Automatic Water distiller (SZ-1 Search 
Tech Instrument), electronic blender (QLINK Multifunction 
food processor, QMFP-128, Turinar Corp., Shang-Hai, China), 
Rotary evaporator (Digital) TT-52 (Techmel and Techmel, 
USA), Thermostat Oven (DHG-9023A, PEC MEDICAL USA), 
chloroform (Guangdong, China), non-heparinized capillary tube, 
Electronic weighing balance (M-Metallar M311, Guangdong, 
China), 2ml hypodermic sterile syringe, animal weighing balance 
(Camry LB11), Normal laboratory chow (Standard Pellet, Vital 
Feed, Jos, Nigeria), and standard cage.

Experimental animals
Fifty-(50) inbreed male Wistar rats weighing 120–140 gram 
were used for the study, and the experimental animals were 
housed in the Animal house, Department of Physiology, 
Nnamdi Azikiwe University, Awka. The animals were 
maintained in standard cages at ambient temperature with 
standard pellet and distilled water ad libitum, and animals 
were allowed to acclimatize for period of 2 weeks before 
commencement of study. Animals were maintained under 12 h 
light and dark cycles.

Acute toxicity of hydroethanol extract of ripe 
A. muricata fruit pulp
The median lethal dose (LD50) of the extract was determined 
using a method of Dietrich Lorke.[23] Thirteen animals were 
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used in the study. The animals received the extract through 
oral route and were carried out in two phases.

Phase I
Nine rats were employed for this phase I, and three rats were 
allocated to each group. Group 1 received 10 mg/kg/bw/rat, 
Group 2 received 100 mg/kg/bw/rat, and Group 3 received 
1000 mg/kg/bw/rat. The animals were monitored for 24 h for 
morbidity and mortality. The rats remained normal after 24 h 
of observation in Phase 1. Then, the study proceeded to the 
second phase, whereby four rats were employed for the study 
comprising one rat per group (N: B b.w. = body weight).

Phase II
Three rats were employed for this phase II, and one rat was 
allocated to each group. Group 1 received 1600 mg/kg/bw/rat, 
Group 2 received 2900 mg/kg/bw/rat, and Group 3 received 
5000 mg/kg/bw/rat. The animals were monitored for another 
24 h for morbidity and mortality.

Phytochemical screening

Phytochemical screening for alkaloids, flavonoids, 
carbohydrates, saponin, proteins, tannins, amino acids, 
steroids, triterpenoids, and glycosides was carried out in 
accordance with method adopted by (Dhawan, 2017; Khamis 
and Aly, 2017).[24,25]

Experimental design and induction of diarrhoea

Wistar rats were fasted for 18 h and divided into five-(5) 
groups consisting five-(5) animals each. Rats in Groups I and 
II received distilled water (10 mL/kg/bw) and 2 mL castor oil 
respectively, Groups III, IV, and V received the extract (150, 
300, and 600 mg/kg, respectively), After 30 min, diarrhea 
was induced by oral administration of castor oil (2 mL) to 
each rat.[26] Wistar rats were observed at 30-min interval for 
a period of 2.5 h (150 min) during which the total number of 
fecal outputs and the number of diarrheic feces excreted were 
recorded.

Animal groupings for diarrhea

•	 Group A (positive control): Distilled water (10 mL/kg/bw)
•	 Group B (negative control): (2 mL) Castor oil
•	 Group C (low dose): (2 mL) Castor oil + extract 

(150 mg/kg/bw)
•	 Group D (moderate dose): (2 mL) Castor oil + extract 

(300 mg/kg/bw)
•	 Group E (high dose): (2 mL) Castor oil + extract 

(600 mg/kg/bw)

Statistical analysis

Data obtained for the total number of fecal outputs, the number 
of diarrheic feces excreted and the hind paw size were analyzed 
using one-way Analysis of Variance (ANOVA) using SPSS 

version 25.0 followed by appropriate post hoc test to compare 
the effects between control and test groups. Results were 
expressed as mean ± standard error of the mean. Values with 
P < 0.05 were considered statistically significant.

Results

Table 1 result revealed that the hydroethanolic extract of 
A. muricata pulp contains flavonoids, saponins, and proteins 
were high, with carbohydrates, tannins, and glycosides 
moderately present. However, steroids, alkaloids, amino acids, 
and triterpenoids are absent.

Table 2 result revealed that the acute toxicity (LD50) of 
hydroethanol extract of ripe A. muricata fruit pulp is above 
5000 mg/kg, which is safe for human and animal consumption.

Table 3 results revealed a non-significant increase in the fecal 
count in-group B and C (P = 0.061; P = 0.145), while Groups D 
and E had a significant (P = 0.025; P = 0.002) increase 
compared to Group A at 30 min. However, at 60-min, the fecal 
count in-group B compared to A had significant (P = 0.000) 
increase, Groups C, D, and E had significant (P = 0.002; 
P = 0.004; P = 0.002) decline in fecal count compared to 
Group B. At 90 min, the fecal count in-group B compared to 
A had significant (P = 0.001) increase, Groups C, D, and E 
had significant (P = 0.007; P = 0.013; P = 0.001) decline in 
fecal count compared to Group B.

Table 4 results showed the fecal count in-group B compared 
to A had significant (P = 0.023) increase, Groups C and E had 
significant (P = 0.044; P = 0.023) decline in fecal count, while 
Group D had an insignificant decrease (P = 0.156) compared 
to Group B at 120-min. At 150 min, the fecal count in-group B 
compared to A had significant (P = 0.004) increase, Groups C, 
D, and E had significant (P = 0.007; P = 0.007; P = 0.002) 
decline in fecal count compared to Group B.

Table 5 results revealed a significant increase in the paw-size 
in Groups B, C, D, and E (P = 0.000; P = 0.000; P = 0.000; 

Table 1: Qualitative phytochemical result for hydroethanol 
extract of ripe A. muricata fruit pulp
Test Sample (hydroethanolic extract)

Alkaloids Negative

Flavonoids Highly present

Reducing sugars (carbohydrates) Mildly present

Saponins Highly present

Proteins Highly present

Tannins Mildly present

Amino acids Negative

Steroids Negative

Triterpenoids Negative
Glycosides Mildly present
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and P = 0.000) compared to group A at 30-min. At 60-min, 
the paw size showed a significant decline in-group D and 
E (P = 0.018; P = 0.035), while Group C had a non-significant 
(P = 0.068) decrease compared to group B with Group A having 
a significant (P = 0.001) increase. At 90-min, the paw size 
showed a significant decline in-Groups C, D, and E (P = 0.013; 
P = 0.014; P = 0.002), compared to Group B with Group A 
having a significant (P = 0.000) increase.

Table 6 results showed that the paw size had a significant 
decline in-groups C, D, and E (P = 0.010; P = 0.009; P = 0.002), 
compared to Group B with Group A having a significant 
(P = 0.000) increase at 120-min. At 150 min, the paw size 
showed a significant decline in-Groups C, D, and E (P = 0.012; 
P = 0.004; P = 0.001), compared to Group B with Group A 
having a significant (P = 0.000) increase.

Discussion

Diarrhea is a gastrointestinal disorder linked to the onset of 
watery stools that could last for days, and its etiology is linked 
to infection mostly. However, its etiologies are of different 
sources, with the most significant being an imbalance of the 
small and large intestines, such as malabsorption, inflammatory 
bowel disease, and medication side effects.[27-29] Further, its side 
effects result in excessive water and electrolytes in the feces. 
The use of medicinal plants in treating diseases has gained 
ground in managing diarrhea because of the several unique 
phytochemicals responsible for altering the process involved. 
Furthermore, secondary metabolites such as flavonoids, 
saponins, and polyphenols have significantly attenuated effects 
seen in anti-diarrhea activity in animal models.[12,30]

The current study investigated the anti-diarrhea activity of 
hydroethanol extract of ripe A. muricata fruit pulp juice on 
castor oil-induced diarrhea. The results obtained at the different 
time intervals revealed that castor oil showed a high fecal 
count (P < 0.05), which constitutes watery feces, semisolid, 
and solid feces when comparison was made between the 
negative and positive control. At 30-min intervals, castor seed 
oil significantly increased fecal count compared to the treated 

Table 2: Acute toxicity of hydroethanol extract of ripe Annona 
muricata fruit pulp
Phase Dose Death Observation

1 10 mg/kg
100 mg/kg
1000 mg/kg

0/3
0/3
0/3

The rats remained normal
The rats remained normal
The rats remained normal

2 1600 mg/kg
2900 mg/kg
5000 mg/kg

0/1
0/1
0/1

The rats remained normal
The rats remained normal
No death occurred

Table 3: Effect of hydroethanol extract of ripe Annona muricata 
fruit pulp on fecal count following castor oil induced diarrhea 
activity
Experimental Groups Fecal count, mean±SEM

30-min 60-min 90-min

Group A (positive control) 1.67±0.33 1.33±0.33a 0.67±0.33a

Group B (2 mL of castor oil) 4.33±0.67b 6.67±0.88 5.33±1.20

Group C (castor oil+ 
150 mg/kg Soursop)

3.67±0.33b 2.67±0.88a 2.000.57a

Group D (castor oil+ 
300 mg/kg Soursop)

5.00±1.00a 3.00±0.57a 2.330.67a

Group E (castor oil + 
600 mg/kg Soursop)

7.00±1.52a 2.670.67a 1.67±0.33a

Data were analyzed using ANOVA followed by post hoc LSD. aSignificant, bNot significant. 
SEM: Standard error of the mean

Table 4: Effect of hydroethanol extract of ripe Annona muricata 
fruit pulp on fecal count following castor oil induced diarrhea 
activity
Experimental Groups Fecal count, mean±SEM

120-min 150-min

Group A (positive control) 1.00±0.00a 1.00±0.00a

Group B (2 mL of castor oil) 3.33±1.20 4.67±1.20

Group C (castor oil+150 mg/kg Soursop) 1.33±0.33a 1.33±0.33a

Group D (castor oil+300 mg/kg Soursop) 2.00±0.00b 1.33±0.88a

Group E (castor oil + 600 mg/kg Soursop) 1.00±0.57a 0.67±0.33a

Data were analyzed using ANOVA followed by post Hoc LSD. aSignificant, bNot significant

Table 5: Effect of hydroethanol extract of ripe Annona muricata 
fruit pulp on paw-size following egg-white induced inflammatory 
activity
Experimental Groups Paw size (mm), mean±SEM

30-min 60-min 90-min

Group A (positive control) 0.12±0.01 0.12±0.01a 0.120.01a

Group B (0.2 mL of egg white) 0.38±0.03a 0.370.01 0.36±01

Group C (0.2 mL of egg 
white+150 mg/kg Soursop)

0.36±0.00a 0.27±0.04b 0.24±0.04a

Group D (0.2 mL of egg 
white+300 mg/kg Soursop)

0.39±0.00a 0.23±0.06a 0.24±0.02a

Group E (0.2 mL of egg white 
+ 600 mg/kg Soursop)

0.38±00a 0.25±0.02a 0.24±0.03a

Data were analyzed using ANOVA followed by post hoc LSD. aSignificant, bNot significant

Table 6: Effect of hydroethanol extract of ripe Annona muricata 
fruit pulp on paw-size following egg-white induced inflammatory 
activity
Experimental Groups Paw size (mm) Mean±SEM

120-min 150-min

Group A (positive control) 0.12±0.01a 0.12±0.01a

Group B (0.2 mL of egg white) 0.37±0.01 0.38±0.03

Group C (0.2 mL of egg white+ 
150 mg/kg Soursop)

0.22±0.05a 0.23±0.04a

Group D (0.2 mL of egg white+ 
300 mg/kg Soursop)

0.22±0.01b 0.20±0.02a

Group E (0.2 mL of egg white+ 
600 mg/kg Soursop)

0.18±0.04a 0.16±0.04a

Data were analyzed using ANOVA followed by post Hoc LSD. aSignificant, bNot significant
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Groups B to E. However, the mechanism of action linked to 
these effects may be attributed to the presence of ricinoleic 
acid, known for its increased intestinal peristaltic movement, 
irritation and inflammation of the intestinal mucosa, resulting 
in diarrhea.[31,32] More so, the studies of Fokam Tagne et al.,[32] 
Cavalcanti et al.,[31] Teferi et al.,[33] and Gabriel et al.[2] are all in 
agreement with the study findings revealing an increase in the 
frequency of fecal count following castor-oil induced diarrhea.

Furthermore, at different time intervals (60 min through 
150 min), the hydroethanol extract of ripe A. muricata fruit 
pulp juice showed a significant decline in the fecal count in 
Groups C, D, and E compared to Group B. The physiology or 
mechanism of action linked to the decline in the fecal count 
is attributed to flavonoids and polyphenol compounds present. 
Afroz et al.[1] reported a significant decrease in the evacuation 
index (frequency of fecal count) following A. muricata fruit 
extract in castor oil induced-intestinal disorder, similar to 
the study findings. Ouachinou et al.,[34] Ngoua-Meye-Misso 
et al.[35] showed similar results to the study findings revealing 
that A. muricata possessed an anti-diarrhea effect. Furthermore, 
Doe et al.[36] reported a significant decrease in fecal frequency 
and fecal count following A. muricata seed extract on castor 
oil-induced diarrhea, corroborating the study findings.

Edematous inflammation caused by the allergen is linked to an 
inflammatory reaction triggered by egg white.[19] Edematous 
inflammation is excessive fluid accumulation in tissues or 
within the collagen-mucopolysaccharide matrix with even 
distribution in interstitial spaces.[37] The inflammatory response 
is detected through the formation of granuloma, extravasations, 
and various biochemical exudates.[38] Acute inflammation 
involves the emigration of leukocytes from the vascular to 
the extravascular compartment and activation of platelets and 
their aggregation with the release of proteases and oxidants 
from phagocytes during acute inflammation.[39]

This study also investigated the anti-inflammatory effect of 
the hydroethanol extract of ripe A. muricata fruit pulp. The 
results showed that egg white caused an increase in the paw 
size of the animal following injection, when positive control 
was compared to negative control and the Groups C, D, and E. 
However, the precise mechanism linking edematous egg-white 
inflammation is not well understood but suggests allergen has 
been the main potential of the process. The findings of Barung 
et al.,[19] Sofidiya et al.,[40] and Zhao et al.[38] had a similar report 
to the study findings, revealing edematous inflammation of the 
paw-size following egg white injection, which has a similar 
report as this study. The study revealed a significantly lowered 
edematous size level at 60 min through 150 min following the 
administration of the 40% ethanolic extract of A. muricata fruit 
pulp juice. However, the mechanism of action linked to the 
decline in paw size is attributed to flavonoids and terpenoids 
in the extract. Oridupa et al.[41] reported a significant decline 
in the paw size following administration of methanolic extract 
of A. muricata leaf extract, which corresponds to the study 

findings. The report of Abd-Hamid et al.,[42] Chan et al.,[43] Ayun 
et al.,[20] Ishola et al.[44] had similar reports to the study findings.

The results from this study showed that the hydroethanol 
extract of ripe A. muricata fruit pulp is rich in flavonoids, 
saponins, and proteins. More so, these phytonutrients 
present could be responsible for the anti-diarrhea and anti-
inflammatory effects because Hasrat et al.[45] and Mohammed 
et al.[46] has similar findings to the study result revealing 
alkaloids being present. Agu and Okolie,[47] Gupta et al.,[48] 
and Chowdhury et al.[49] have similar report to this study, 
which revealed the presence of flavonoids, saponins, and 
proteins. In addition, these phytonutrients contained by 
the hydroethanol extract of ripe A. muricata fruit pulp, 
provides an excellent scavenging activity of the free radicals. 
The study findings also revealed that the acute toxicity 
of the hydroethanolic extract of A. muricata fruit pulp is 
>5000 mg/kg, which is safe for both animal and human 
consumption. Likewise, Gabriel et al.[2] had similar report 
to the study revealing the acute toxicity test of ethanolic 
extract of A. muricata to be above 5000 mg/kg.

Conclusion

The study showed that hydroethanol extract of ripe A. muricata 
fruit pulp juice had anti-diarrhea and anti-inflammatory 
effects following castor oil-induced diarrhea and edematous 
egg-white inflammation, respectively. The anti-diarrheal 
and anti-inflammatory effects of hydroethanol extract of 
ripe A. muricata fruit pulp juice might be due to the high 
presence of flavonoids, saponins, and proteins found after the 
phytochemical analysis of this medicinal plant. It is safe for 
human and animal consumption because acute toxicity was 
>5000 mg/kg. In addition, it could be used as a new therapeutic 
model for treating diarrhea and inflammation in both human 
and animal models.
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