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Anti-Inflammation of Soursop Leaves (Annona muricata L.) 
Against Hemorrhoids in Mice Induced by Croton Oil
Nurul Qurrota Ayun1, Kusmardi2, Nurhuda2, Berna Elya3,*

INTRODUCTION
Hemorrhoids are pathological conditions 
characterized by swelling of the rectoanal venous 
plexus which causes inflammation, pain and 
bleeding in the surrounding tissues.1 Although not 
life threatening, hemorrhoids have the potential to 
reduce quality of life.2 Riskesdas data (basic health 
research) in 2015 states that the prevalence of 
hemorrhoids in Indonesia is estimated at 5.7%, but 
only 1.5% are diagnosed with a total of 12.5 million 
people of Indonesia experiencing hemorrhoids.3

The exact pathophysiology of hemorrhoids is not 
yet fully known, the possibility of hemorrhoids can 
occur due to increased pressure on the rectoanal 
plexus through various risk factors including a low-
fiber diet, sitting for too long, genetic, constipation, 
chronic diarrhea, obesity, pregnancy, aging and 
degeneratives.4 This causes abnormal dilatation 
and blood vessel distortion which causes secondary 
complications such as extravasation of blood 
around the perianal vein and extravasation of fluid 
into the interstitial space by increased vascular 
permeability and migration of inflammatory cells 
(granulocytes and monocytes).5,31

Inflammatory tissue can be a potential target 
for pharmacological treatment of hemorrhoids. 
Administration of oral anti-inflammatory, 
suppository, oral creams and plebotonic is known 
to give good results.6 Phenolic compounds are 
known as the most common oral plebotonic agents 

used for hemorrhoidal therapy. Phenolic compounds 
can increase venous tone, reduce capillary 
permeability, increase lymphatic drainage and have 
anti-inflammatory effects.7,32

Annona muricata L. or soursop is one of the plants 
that has been explored due to its anti-inflammatory 
and antioxidant effects. The plant parts of A. muricata 
especially leaves have been used as ethnomedicin to 
treat several diseases including cancer, inflammation, 
diabetes, liver disease, and abscesses.8 A. muricata 
contains phytochemicals of acetogenins, alkaloids, 
megastigmanes and phenolic compounds such as 
quercetin and gallic acid which are considered to 
have antioxidant and anti-inflammatory activity.9 
This study aims to determine the activity of Soursop 
Leaves Ethanol Extract/SLEE (Annona muricata 
L.) which is useful as an anti-inflammatory in 
hemorrhoids in vivo.

MATERIALS AND METHODS

Chemicals and drugs
Croton oil (Sigma), anti COX-2 antibodies (Bioenzy), 
anti TNFα antibodies (Bioenzy), aspirin, quercetin, 
gallic acid, and all the other chemicals used in the 
experiments were of analytical grade from reputed 
suppliers. 

Preparation of plant extract
Soursop (Annona muricata L.) leaves obtained from 
the Green Zone Herbal garden, Tangerang, Banten 
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Province. This plant was determined at the Indonesian Institute of 
Sciences (LIPI). Soursop leaves extract was made by maceration using 
96% ethanol solvent.27 Soursop leaves dry powder (1 kg) soaked with 
10 L of ethanol, stirred in the first 6 hours using a shaker then allowed 
to stand for 18 hours. The solvent is filtered through (Whattman filter 
paper No.1) & concentrated with a rotary vacuum evaporator and a 
water bath until a thick extract is obtained. Then the extract yield is 
calculated and recorded, and it was kept refrigerated until further use.

Qualitative & quantitative phytochemical screening
The presence of phytochemical constituents such as flavonoids, tannins, 
alkaloids, saponins, steroids, terpenes, quinones, total phenols and total 
flavonoids levels were determined with standardized phytochemical 
test methods.10,11

Experimental animals
Inbred male Swiss mice (± 25 g) aged 20 weeks obtained from the 
Animal Health Research and Development Laboratory. The study used 
24 mices with 6 treatment groups with 4/each. The mices were housed 
in standard conditions of temperature (22 ± 3°C), relative humidity (55 
± 5%), and light (12 h light-dark cycle) before and during the study 
were included in the experiment. They were fed with standard pellet 
diet and water ad libitum. The experimental protocols approved by 
health research ethics committee from faculty of medicine Universitas 
Indonesia for animal research. 

Induction of hemorrhoids 
The induction of hemorrhoids was carried out with croton oil with 
slight modification.12 24 mices were randomly distributed in 6 groups; 
according to the following experimental design in Table 1.

Hemorrhoids were induced to all groups, except the normal control 
group, by making preparations for croton oil (6% croton oil in acetone). 
Followed by overnight fasting, then the croton oil was applied with 
a micropipette into the anus (rectoanal portion, 5mm from the anal 
opening) as much as 100 µl. The development of edema can be observed 
after 7 to 8 hours after application of croton oil. Administration of 
croton oil is done once a day for 3 consecutive days. On the 4th day 
animals from each group were given treatment according to their 
group for 7 days. On the 11th day, all animals were anesthetized using 
Ketamine-xylazine 75-100 mg/Kg + 5-10 mg/Kg IP and terminated; 
rectoanal tissue was taken along 10mm to confirm the results of 
hemorrhoidal treatment through observation of histopathological and 
immunohistochemical tissue.

Histopathological analysis
Histopathological examination was carried out on mice anorectal 
samples fixed in 10% formalin and embedded in paraffin. Sections 
were cut at 5 μm and stained with H & E (hematoxylin and eosin).20 
The plates were examined under a light microscope (Olympus BX51) 
and were taken 10 visual fields depicting each piece of anorectal 
tissue. Histopathological assessment is done by assessing mucosal 
and submucosal inflammation, necrosis of the lieberkuhn and tunica 
muscularis, dilatation of blood vessels, edema, and hemorrhage. 

Histopathological change analysis was performed by blind reading. The 
reading is done at 200x magnification. Histopathological readings using 
Image J. software. 

Immunohistochemical analysis
The COX-2 and TNFα staining procedure was carried out as follows: 
Tissue samples were fixed with 10% formalin buffered phosphate for 
10 hours at 4°C (dehydrated in multilevel ethanol concentration), then 
paraffin blocks were made, after being passed on xylol, and the tissue 
was cut with 4 μm thickness for immunohistochemical staining. Next, 
the preparation was dipped in a 0.01 M citrate buffer (pH 6.0) in the 
microwave for 5 minutes, followed by dripping 3% hydrogen peroxide 
for 5 minutes at room temperature. Furthermore, it was incubated with 
anti COX-2 and TNFα antibodies in phosphate buffer solution (PBS) 
for 2 hours at room temperature in the humidity chamber. After that, 
the incubation process is carried out again overnight at 4°C. After the 
incubation process is complete, the preparation is incubated with the 
appropriate secondary antibodies for 1 hour at room temperature. The 
incubation process is continued with HRP-conjugated streptavidin. 
The protein was visualized using 3,3-diaminobenzidine (DAB) for 10 
minutes at room temperature, followed by adding counterstain with 
Hematoxylin Harris, dehydrating and mounting.

Cells that express each of the above proteins are counted in the rectoanal 
epithelium using IHC profilers. Furthermore, rectoanal epithelial cells 
expressing COX-2/TNFα protein was counted from 3 representative 
fields of vision 400x magnification (carried out by 2 technicians, blind 
reading). Calculations use the algebric formula.13 Calculation method:

IHC Score = (% positive high cell contribution x 4) + (% positive cell 
contributions x 3) + (% positive low cell contribution x 2) + (% negative 
cell contributions x 1)

Statistical analysis
Statistical analysis using 1-way ANOVA test followed by Least Singing 
Definition (LSD). Data were analyzed using the SPSS 16.

RESULTS 

Plant extraction
The percent yield of maceration result SLEE was 22.17%. The 
organoleptic SLEE was dark brown, have a distinctive sweet and chelate 
taste.

Phytochemical screening
Phytochemical screening tests on SLEE were the presence of bioactive 
compounds contained in the extract. The results of the phytochemical 
screening are seen in Table 2.

Anti-inflammatory activity of SLEE

Body weight observation

The observations result of body weight of mice in the control group vs. 
the treatment group can be seen in Figure 1. Weight gain at the end of 
the observation compared to the base point. There was no significant 

No Groups Treatment 
1 Group I Acetone p.anal as Normal control 
2 Group II Croton oil 6% p.anal as Negative control
3 Group III Croton oil 6% p.anal + Aspirin 81 mg/Kg p.o as Positive control
4 Group IV Croton oil 6% p.anal + SLEE 100 mg/Kg p.o
5 Group V Croton oil 6% p.anal + SLEE 200 mg/Kg p.o
6 Group VI Croton oil 6% p.anal + SLEE 400 mg/Kg p.o

Table 1: Treatment Group.
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difference between the control vs. treatment group (p>0.05) using the 
1-way ANOVA test.

Note: During 11 days of observations the difference in body weight of 
mice appeared to be an increase in body weight compared to the base 
point. The mean weight between the normal vs. treatment groups did 
not show a significant difference (P> 0.05) using the 1-way ANOVA 
test.

Histopathological observation

Observations of tissue histopathology with hematoxylin-eosin (H&E) 
staining after croton oil induction and therapy were carried out on several 
parameters showing hemorrhoidal conditions including inflammation 
of the mucosa and submucosa, necrosis of the lieberkuhn and tunica 
muscularis, dilatation of blood vessels, and edema in each treatment 
group including inflammation of the mucosa and submucosa, necrosis 
of the lieberkuhn and tunica muscularis, dilatation of the blood vessels, 
and edema in each treatment group.28 Histopathological observations 
of all treatment groups showed that there were significant differences in 
the improvement of lesion scores. The results of observing lesion scores 
from 10 visual fields using 200 x magnification can be seen in Figure 2 
and Table 3.

Immunohistochemical observation

The results of COX-2 immunohistochemical staining can be seen in 
Figure 3. Epithelial cells that positively express COX-2 will look brown, 
while those that do not express COX-2 will look blue. Based on the 
results of the Kolmogorof Smirnov normality test it can be said that the 

data is normally distributed (P>0.05). The Levene homogeneity test for 
each group shows homogeneous data (P<0.05). Normally distributed 
and homogeneous data were continued for the 1-way ANOVA test. 
Statistical test results showed P value <0.002 which means that there 
were significant differences in the COX-2 expression values for each 
group. Then the LSD test was performed to determine the differences 
in each group, and the results can be seen in Figure 4.

The results of TNFα immunohistochemical staining can be seen in 
Figure 5. Epithelial cells that positively express TNFα will appear brown, 
while those that do not express TNFα will appear blue. Based on the 
results of the Kolmogorof Smirnov normality test it can be said that the 
data is normally distributed (P>0.05). The Levene homogeneity test for 
each group shows homogeneous data (P<0.05). Normally distributed 
and homogeneous data were continued for the 1-way ANOVA test. 
Statistical test results showed P value<0.010 which means that there 
were significant differences in the TNFα expression values   for each 
group. Then LSD test was performed to determine the differences in 
each group, and the results can be seen in Figure 6.

DISCUSSION
Plants containing phenolic compounds such as flavonoids, tannins, 
stylbenoids, catechins, lignin and phenolic acids are useful for a 
large number of inflammatory disorders such as allergies, asthma, 
autoimmune diseases, inflammatory bowel disease and hemorrhoids.14 
Numerous studies have shown that flavonoids and phenolic compounds 
have contributed to the antioxidant activity of natural compounds. 
Besides having antioxidant activity, flavonoids and phenolic compounds 

No Component Bioactive Tests Results 
1. Flavonoids Mg + HCl +
2. Tannins FeCl3 3% +
3. Alkaloids TLC +
4. Saponins Foam Test +
5. Steroids Liebermann-Bouchard +
6. Terpenes Liebermann-Bouchard -
7. Quinone NaoH -
8. Total Phenolic Folin Ciocalteu 25% and Na2CO3 22.85% or 228.5 mgGAE/g extract
9. Total Flavonoid AlCl3 5.36% or 53.6 mgQE/g extract

Table 2: Phytochemical screening of SLEE.

Figure 1: Mice body weight average graph.
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Lesions
Treatment group

P Value 
Normal Control Negative Control Positive Control SLEE 100 mg/Kg SLEE 200 mg/Kg SLEE 400 mg/Kg

Inflammation 2.00 ± 0.6 2.60 ± 0.8 2.40 ± 0.8 2.37 ± 0.9 1.97 ± 0.7 1.72 ± 0.8

<0.00
Necrosis 2.00 ± 0.6 2.75 ± 0.7 1.75 ± 0.7 2.25 ± 0.7 1.50 ± 0.6 1.25 ± 0.5

Vasodilation 2.00 ± 0.8 2.77 ± 0.8 2.27 ± 0.9 2.02 ± 0.9 2.00 ± 0.7 1.90 ± 0.8
Edema 1.25 ± 0.5 2.25 ± 0.9 2.00 ± 0.9 1.50 ± 0.6 1.50 ± 0.7 1.50 ± 0.6

Table 3: Histopathological evaluation of rectoanal portion of mice.

Note: Categorical score results are taken based on observations from 10 histo preparatory fields with the value of each category ie, minimal/very small 
amount of changes >10% = Score 1; Lesions <25% = Score 2; Lesions 25-50% = Score 3; Lesions> 50% = Score 4.

Figure 2: Effect of SLEE on histology of rectoanal tissue in a mice model of croton oil-
induced hemorrhoids. Recto anal sections of mice: (A) section showing normal histo 
structure in the normal control group; (B) marked to severe inflammation, congestion, 
hemorrhage, dilatation of blood vessels, degeneration, and necrosis can be observed 
in the section of untreated negative control group; (C) section treated with Aspirin as 
positive control group showing mild inflammation, marked congestion, degeneration, 
vasodilatation, and necrosis; (D) section treated with SLEE (100 mg/Kg p.o) showing 
mild inflammation, minimal congestion, dilatation of blood vessels, degeneration, and 
necrosis (E) sections treated with SLEE (200 mg/Kg p.o) showing minimal inflammation, 
congestion, dilatation of blood vessels, degeneration, and necrosis; (F) and sections 
treated with SLEE (400 mg/Kg p.o) showing near normal histo structure (H&E × 200).

Figure 3: Image of tissue tinted immunohistochemistry COX-2 magnification 400 x. 
Note: Red Arrows indicate positive cells; A: Normal Control, B: Negative Control, C: 
Positive Control, D: SLEE 100 mg/Kg, E: SLEE 200 mg/Kg, F: SLEE 400 mg/Kg.
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Figure 4: Effect of SLEE on COX-2 in mice induced by hemorrhoid. The mean values 
of all the groups were compared by 1-way ANOVA followed by LSD posttest. *𝑃<0.05 
compared to negative control.

Figure 5: Image of tissue tinted immunohistochemistry TNFα magnification 400 x. Note: Red Arrows 
indicate positive cells; A: Normal Control, B: Negative Control, C: Positive Control, D: SLEE 100 mg/Kg, E: 
SLEE 200 mg/Kg, F: SLEE 400 mg/Kg.

Figure 6: Effect of SLEE on TNFα in mice induced by hemorrhoid. The mean 
values of all the groups were compared by 1-way ANOVA followed by LSD 
posttest. *𝑃<0.05 compared to negative control.
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also have an effective role as an anti-inflammatory.19,30 Phenolic 
compounds are known as the most common oral plebotonic agents 
used for hemorrhoidal therapy. Phenolic compounds can increase 
venous tone, reduce capillary permeability, increase lymphatic drainage 
and have an anti-inflammatory effect.7,32

Annona muricata L. or soursop is one of the plants that has been explored 
due to its anti-inflammatory and antioxidant effects.29 The plant parts of 
A. muricata especially leaves have been used as ethnomedicin to treat 
several diseases including cancer, inflammation, diabetes, liver disease, 
and abscesses.8 A. muricata contains phytochemical acetogenins, 
alkaloids, megastigmanes and phenolic compounds such as quercetin 
and gallic acid which are considered to have antioxidant and anti-
inflammatory activity.9

In this study we tried to investigate the anti-inflammatory potential 
of soursop leaves extract against hemorrhoid in mice induced with 
croton oil. Topical application of croton oil can induce an inflammatory 
response to the skin, followed by severe vasodilation and infiltration 
of cells occurring at the peak of edema, neutrophil and macrophage 
activity reaching a maximum within six hours. The phorbol ester 
content in croton oil, such as tetradecanoylphorbol acetate (TPA) will 
increase vascular permeability, inducing arachidonic acid metabolite 
synthesis and expression of COX-2, IL-1β, TNFα and ICAM-1 adhesion 
molecules.16

This is similar to the mechanism of hemorrhoids in humans. Weakening 
of tone and structure of veins, as well as injury during defecation cause 
congestion and hypoxia in the tissues. Endothelium cells induce a series 
of cellular modification, increase the concentration of cytosolic calcium 
and prostaglandin inflammatory mediators of phospholipase A2 
(PLA2) initiated by the enzyme cyclooxygenase-2 (COX-2). Leukocytes 
and mast cells release pro-inflammatory cytokines tumor necrosis 
factor-TN (TNF-𝛼), interleukin-1𝛽 (IL-1𝛽), IL-6, and chemokines 
(CXC 4 chemokine receptors) which will produce an oxidative stress 
environment. Neutrophils also release histamine, serotonin, and 
lysosomal enzymes (elastase, collagenase) thereby increasing capillary 
permeability, and fragility of blood vessel walls.17

In this study, to prove the anti-inflammatory potential of SLEE 
in hemorrhoids is evidenced by histopathological assessment of 
inflammatory cells, necrosis, vasodilation and edema. Inflammation 
plays an important role in the mechanism of increasing capillary 
permeability and developing the pathophysiology of hemorrhoids.7 
The inflammatory process makes the arterioles of the lamina propria 
nodules prone to erosion during bowel movements with the resulting 
bleeding. The combination of sinusoidal constriction and chronic 
inflammatory processes in the nodules results in stagnation of blood in 
the sinusoids.21 Stagnation causes locally controlled hypercoagulability, 
which increases clot formation and ultimately results in thrombosis. 
Thrombosis can cause ischemia, ulceration and nodular surface 
necrosis.22,23

Hemorrhoids are digestive disorders characterized by enlarged rectal 
venous plexus and anal canal which can cause pain, bleeding, itching 
and inflammation.1 Internal hemorrhoid are covered with columnar 
mucosa, causing mucous deposition on the perianal skin, which can 
also cause itching and irritation of the perineum. Prolapse tissue can 
also inhibit the ability of the anal threshold to close so that faecal stool 
can come out.24 Pain in hemorrhoids usually originates from external 
hemorrhoids which have extensive thrombosis with edema and 
inflammation.25 Based on our observations in this study, from all SLEE 
treatments for hemorrhoids gave significant results to the repair of the 
histo rectoanal structure of the mice (P<0.00).

We also observe the potential of SLEE as an anti-inflammatory using 
immunohistochemistry in the rectoanal tissue of mice. SLEE also 

showed a strong anti-inflammatory potential by significantly reducing 
COX-2 and TNFα expression compared with negative controls at doses 
of 200 and 400 mg/Kg (P<0.05). Annona muricata is known to contain 
gallic acid polyphenols which have many beneficial effects including 
antioxidant, anti-inflammatory, antidiabetic and anti-carcinogenic 
properties.26 The anti-colitis effect of gallic acid in BALB/c mice with 
DSS-induced colitis suggests that gallic acid has the potential to 
suppress pro-inflammatory cytokines (TNFα, IL-1β, IL-17 and IFN-γ) 
and inflammatory mediators, such as iNOS and COX-2. Furthermore, 
the mechanism of gallic acid is known to inhibit the activation and 
translocation of p65-NF-κB, and the IL-6 / STAT3 pathway.15

Others in vitro studies of A. muricata leaf extract showed anti-
inflammatory activity by inhibiting inflammatory mediators, TNFα, 
IL-1β, IL-6 and nitric oxide (NO). The administration of A. muricata 
leaves extract showed a significant inhibition of TNFα of 46.8% in vitro 
on LAW-induced RAW264.7 cells. Administration of A. muricata leaves 
extract at a dose of 50 μg/mL in RAW264.7 cells resulted in TNFα levels 
of 264.69 pg/mL which were found to be equivalent to normal cells. A. 
muricata leaves extract also significantly inhibited IL-6 and NO levels 
with a dose concentration of 50 and 75 μg/mL resulting in inhibition 
of 63.89% (219.13 pg/mL) and 70.67% (9.79 μM).18,21 Anti-nociceptive/
anti-inflammatory mechanisms are also studied through inhibition of 
cyclooxygenase (COX), lipoxygenases (LOX) and other inflammatory 
mediators by flavonoids in A. muricata.33

CONCLUSION
Based on research conducted, it can be concluded that the Soursop 
Leaves Ethanol Extract (SLEE) (Annona muricata L.) can be used to 
cure hemorrhoid.
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SUMMARY

• Hemorrhoids are rectoanal venous plexus swelling that causes inflammation, pain, and bleeding. Soursop leaves (Annona 
muricata L.) known contain phenolic compounds and have been used to cure inflammation. 

• Soursop leaves ethanol extract/SLEE (Annona muricata L.) contains flavonoids, tannins, alkaloids, saponins, steroids, and 
phenolic compounds with total phenol levels of 22.85% or 228.5 mgGAE/g extract, total flavonoid levels of 5.36% or 53.6 
mgQE/g extract.

• Soursop leaves ethanol extract/SLEE (Annona muricata L.) had a significant improvement in lesions P <0.00 to the parameters 
of necrosis, inflammation, vasodilation and edema assessed by the histopathological severity score of the tissue with H&E 
staining.

• Soursop leaves ethanol extract/SLEE (Annona muricata L.) has anti-inflammatory activity assessed by suppressing COX-2 
and TNFα expression. SLEE doses of 200, 400 mg/Kg significantly decreased COX-2 P <0.05 compared to negative controls, 
and SLEE doses of 100, 200, and 400 mg/Kg significantly decreased TNFα P <0.05 compared to negative controls.
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