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Abstract: Diabetes mellitus (DM) is a chronic metabolic disorder characterized by hyperglycemia,
which affects multiple tissues including kidneys. Soursop leaves (Annona muricata) are known to have
antidiabetic potential, but their molecular and cellular effects are poorly characterized. We identified
the bioactive compounds in soursop leaf ethanol extract (SLEE). The SLEE substances demonstrated
the total alkaloid and total flavonoid contents. Twelve bioactive compounds profiles were identified
in SLEE classified as alkaloid, flavonol glycoside, and monoterpenoid lactone derivatives. The SLEE
treatments in mice were performed by dividing Swiss Webster mice into five groups, including
negative and positive controls and three experimental groups provided with SLEE (doses 150, 300,
and 600 mg/kg BW) for 14 days. The mice in the experimental groups were treated with alloxan
to induce diabetes. The renal samples were stained for H&E for morphological changes. However,
600 mg/kg of SLEE showed a significant effect (p < 0.05) on the height of the Bowman’s space and
prevented the tubularization of the left kidney’s glomerulus (p < 0.05). Altogether, we report no
significant difference in the glomerular diameter, the thickness of the proximal convoluted tubules,
the height of the Bowman’s space, and the glomerular tubularization after 14 days of treatment
with SLEE.

Keywords: alloxan; Annona muricata; Bowman’s space width; glomerular diameter; glomerular
tubularization; proximal convoluted tubule

1. Introduction

Diabetes mellitus (DM) is a chronic systemic metabolic disorder characterized by hyper-
glycaemia and metabolic alterations [1]. DM is characterized by fasting glucose ≥ 7.0 mmol/L
(126 mg/dL) or random blood glucose levels of ≥11.1 mmol/L (200 mg/dL) [2]. The
International Diabetes Federation estimates that DM affects 415 million people worldwide,
which is expected to increase to 642 million people by 2040 [3].

Renal dysfunction is a common occurrence in DM, and around 44% of new cases
of chronic kidney disease are diagnosed in diabetic patients [4]. The presence of renal
complications in DM patients significantly increases the mortality rates when compared
with DM patients without renal complications [5,6]. However, the precise mechanism by
which the renal dysfunction increases the mortality in diabetic patients remains poorly
characterized [7].

Hyperglycaemia in DM can induce pathophysiological changes in the kidneys, includ-
ing dysfunction of cellular responses to high glucose levels, alterations in renal vasculature,
and surrounding tissues including glomeruli and podocytes [8]. Excess glucose can lead to
advanced formation of glycation end (AGE) products [9,10], which bind to the basement
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membrane and induce the release of pro-inflammatory cytokines, resulting in interstitial
fibrosis and glomerulosclerosis [11,12]. AGE can also cause hypertrophy and excessive
proliferation of cells, leading to an increase in the number and size of tubular and glomeru-
lar epithelial cells [13]. In general, DM leads to an increase in glomerular volume [14,15],
along with characteristic vascular changes such as hyalinosis of the afferent and efferent
arterioles and thickening of the walls of the renal arteries [16].

Currently, the management strategies of DM involve standard treatments such as
insulin therapy and antidiabetic drugs [17–19]. However, these treatments have certain
drawbacks, such as reduced effectiveness with oral administration, relatively short storage
time, fatal side effects of hypoglycaemia due to overdosing, and discomfort due to injection
needles [20]. Standard drugs also carry several other adverse side effects resulting in poor
compliance by the patients [20].

Annona muricata, also known as soursop leaf, is known for its antidiabetic effects [21–24].
A. muricata is a plant that comes from the Annonaceae family [25]. The leaf, seed, and
fruit extracts of A. muricata are often used in herbal medicine [26]. Those extracts from this
plant inhibit glucose absorption by suppressing hydrolytic enzymes such as α-amylase and
α-glucosidase [21]. Several studies have shown antihypertensive, vasodilator, anticancer,
and antidepressant effects from this plant [27–29]. Moreover, Agbai and co-workers demon-
strated the effect of A. muricata extract on the lipid profile, kidney, and liver function in a
mouse model of DM induced with Streptozotocin [30]. In that study, there was a significant
increase in HDL cholesterol, a reduction in serum creatinine indicating improved renal
function, and reduced serum AST and ALT enzymes indicating enhanced liver function
following the administration of A. muricata plant extract [31]. Another study by Agu et al.
also showed that A. muricata leaf extract had an inhibitory effect on α-amylase and α-
glucosidase, which outperformed the current standard antidiabetic drugs, namely acarbose
and metformin [21].

However, no study has characterized a direct effect of the ethanol extract of A. muricata
leaves on renal morphology, especially related to the proliferation and growth of the
glomerulus, the Bowman’s space, and the proximal tubular convolution, which are among
the sites primarily affected in DM patients. We aimed to fill this gap in the literature by
determining the effect of the ethanol extract of A. muricata leaves on renal histopathology
of Swiss Webster mice with alloxan-induced diabetes.

2. Materials and Methods

The samples of this study were the kidneys of the Swiss Webster mice, which were
divided into 6 groups, as listed in Table 1.

Table 1. Mice groups were treated in determining potential antidiabetic agents and doses.

Group Alloxan Induction Dosage Treatment

Normal - - -
Negative control 40 mg/kg BW - -
Positive control 40 mg/kg BW 0.65 mg/mL/day for 14 days Glibenclamide

LD-SLEE * 40 mg/kg BW 150 mg/kg BW/day for 14 days Soursop leaf extract
MD-SLEE ** 40 mg/kg BW 300 mg/kg BW/day for 14 days Soursop leaf extract
HD-SLEE *** 40 mg/kg BW 600 mg/kg BW/day for 14 days Soursop leaf extract

* LD-SLEE = low-dose ethanol extract of soursop leaf; ** MD-SLEE = medium-dose ethanol extract of soursop leaf;
*** HD-SLEE = high-dose ethanol extract of soursop leaf. BW = body weight.

2.1. Annona Muricata Leaf Extraction

Annona muricata leaf extraction was performed following Handayani et al. method [23].
The samples were washed and dried at room temperature. The dried simplicia of A. muricata
leaves were ground and macerated in 70% ethanol solution overnight. Then the super-
natant was separated from the precipitate and evaporated to obtain a concentrated ethanol
extract of 500 g as a soursop leaf ethanol extract (SLEE). The dried SLEE of 50 mg was
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dissolved in 5 ml of distilled water before it was fed to the mice models. The SLEE was
screened for its phytochemical substituents, which may contribute as antioxidant agents to
promote antidiabetes using qualitative analysis. Total alkaloid and flavonoid contents were
determined by using colorimetric analysis.

2.2. Total Alkaloid Content Determination

The total alkaloid content (TAC) of A. muricata extract was determined using the
method described by Lee et al. [32] with slight modification. The extracted sample was
dissolved in 2 N HCl. Bromocresol green (BCG) solution with a concentration of 1 × 10−4 M
was prepared by mixing 34.9 mg of BCG in 1.5 mL of 2 N sodium hydroxide (NaOH) and
2.5 mL distilled water until thoroughly dissolved and occupying up the volume to 500 mL
with distilled water. The citrate–phosphate buffer (pH 4.7) was immediate prepared by
stirring 2 M of disodium hydrogen phosphate (71.6 g of Na2HPO4 in 1 L of distilled water)
and 0.2 M of citric acid (42.02 g of citric acid in 1 L of distilled water). One mL of the
sample/standard solution was mixed with 5 mL of citrate–phosphate buffer solution and
5 mL of BCG indicator solution. The mixture was shaken, and 5 mL of chloroform was
added then shaken vigorously after mixing. The mixture was kept at ambient temperature
for 30 min. The resulting chloroform layer located in the bottom part of the sample was
collected and the absorbance measured at 420 nm using a UV–vis spectrophotometer
(UV-1800, Shimadzu, Japan) against a blank sample. Standard solutions of atropine in the
concentration range of 0.02 mg/mL to 0.1 mg/mL were used for plotting the calibration
curve y = 0.0073x (R2 = 0.989). All samples were analyzed in triplicate, and the content of
alkaloids was expressed as mg of atropine equivalents (AE)/1 g of extract.

2.3. Total Flavonoid Content Determination

Determination of flavonoid content followed the well-established method of Zhishen et al.
(1999). The flavonoid in the samples showed a yellow complex formulation with AlCl3
solution. The color intensity was directly proportional to the flavonoid content, determined
the absorbance at 510 nm. In all, 0.5 mL of quercetin solution was dissolved in methanol
with 0.025, 0.050, 0.075, 0.10 and 0.15 mg/mL for 2.5 mL of distilled water, then 0.15 mL
NaNO2 5% was added. The solution was then incubated in 5 min, 0.3 mL of AlCl3 10%
was added, and it was incubated for another 5 min. Finally, 1 mL NaOH 1 M in 0.55 mL
distilled water was added. The absorbance of the solution was determined at 510 nm [33].

2.4. Bioactive Compound Identification Using LC-MS/MS

An LC-MS/MS instrument (Acquity UPLC I-Class with Xevo G2-XF QTof, Waters) was
used to identify the bioactive compounds contained in A. muricata leaf ethanol extract by
injecting a sample (1 g) dissolved in distilled water and filtered by 0.45 µm filter membrane
(Merck Millipore). The chromatographic separation was carried out on an ACQUITY UPLC
HSS T3 column (100 mm × 2.1 mm, 1.8 µm, Waters) at 40 °C and a flow rate of 0.5 mL/min
after injecting 5 µL of SLEE. The mobile phase consisted of solvent A (distilled water and
0.1% formic acid) and solvent B (acetonitrile and 0.1% formic acid). The elution gradient
was set as 97% solvent A for 0–3 min; 3%–100% liner gradient solvent B for 3–6 min;
100%–3% solvent B for 6–10 min; 97% solvent A for 10–14 min. Acetonitrile was used as a
mobile phase, and the process was set within 10–40 V. Data acquisition and analysis relied
on UNIFI V1.71 software (Waters), and the peaks of bioactive compounds separated by LC
system were identified by profiling against the scientific database of UNIFI V1.71 [34].

2.5. Animal Model Characteristics

Mice blood samples were taken from the tails before and after alloxan administration.
Mice blood samples were also taken on day 1, day 7, and day 14 after given the extracts.
In addition, kidney tissue was taken after the euthanasia of all experimental animals.
Renal organ tissue analyzed from 25 male Swiss Webster mice (bodyweight of 20–30 g,
12–14 old weeks) were given alloxan induction. The mice used as the research were adapted
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and treated at the Animal Laboratory of the Indonesian Ministry of Health Research and
Development Center at 25 ◦C with solar lighting for 12 h. All mice were fed and given water
ad libitum. Swiss Webster male mice were treated once a day for 14 days. The mice chosen
were healthy mice that seemed active and had normal blood sugar levels. The data were
obtained from the histopathological observations of the kidneys of Swiss Webster mice.

2.6. Preparation of Histopathological Tissue

Renal tissue was taken at the end of day 14 and euthanasia was performed in mice by
giving them the xylazine 10 mg/kg and ketamine 75–100 mg/kg using a 23–26 G syringe.
The kidney tissue that has been taken was fixed using a buffer solution of 10% formalin
for 24 h at room temperature. The renal tissue was sliced into smaller pieces to be put into
a tissue cassette, thus tissue dehydration can be processed. The dehydration process was
carried out using gradient alcohol concentration, starting from 70%, 80%, 90%, and 96%,
which was administered every 2 h. The renal tissue was cleaned to remove alcohol and
replace it with clearing agent as an intermediate solvent that is fully miscible with both
alcohol and paraffin. The microscope slides were put in xylol to remove paraffin from dried
microscope slides before staining and mounting with a coverslip. Tissue was dipped into
xylol II for 1⁄2-1 h to remove all the dehydration reagent fluid or alcohol from the tissue. The
tissue was then soaked in liquid paraffin for about 1⁄2 h in the oven. Once it was completed,
renal tissue was then immersed in paraffin (paraplast I) for 2 h; then, it was transferred into
paraffin (paraplast II) for 1 h. Next, the tissue was inserted into paraffin (paraplast III) for
2 h [35].

Furthermore, the casting process was carried out by pouring sufficient paraffin liquid
into a mold made of plastic or an L-shaped metal plate (Leuckhart). Then, the heated tissue
was immediately inserted using tweezers so that the paraffin would not freeze. Next, the
tissue was placed into the mold and the paraffin liquid was poured to cover the entire mold.
During the casting process (blocking), a mold made of plastic and metal edges was placed
on the hot plate. The cube pieces of kidney tissue were cut into pieces with a thickness of
3 µm, and paraffin tape was placed on the surface of warm water at 45–50 ◦C.

2.7. Hematoxylin and Eosin Staining

Renal tissues that had been soaked in formalin solution were cut to a thickness of
0.3–0.5 mm. The tissues were put into a machine to be dehydrated and vacuumed. Liquid
paraffin was poured on top of the tissues. The paraffin blocks or frozen sections were cut
to a thickness of 3–5 µm and placed on an object glass that was smeared with adhesive.
Slides were soaked in xylol (I, II and III) to remove the attached paraffin, followed by
ethanol (90%, 75% and 70% consecutively) to remove the remaining xylol, then rinsed with
water. Slides were stained in hematoxylin solution, rinsed with water, soaked in lithium
carbonate solution, rinsed with water and stained in eosin solution. Slides were dehydrated
by soaking them in ethanol (70%, 75% and 90% consecutively) and xylol (I, II and III). One
drop of adhesive liquid was added and slides were covered with cover glass [22].

2.8. Image Acquisition

Analysis of blinded histopathology for renal tissues was carried out by two patholo-
gists and the results were averaged. Histopathological readings were carried out using a
light microscope directly connected to the camera with a 400× magnification that in turn
was connected to a computer system. Histopathological measurements were performed
using MIimageView software. Each preparation was observed by looking at ten fields of
view. At each field of view, a picture was taken of glomerular diameter, Bowman’s space,
glomerular tubularization, and proximal tubule, with the formula as follow:

Histological score = ∑ pi x i
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2.9. Statistical Analysis

The result data were analyzed using the Shapiro–Wilk test. Furthermore, a homo-
geneity test was carried out using Levene’s test with a p-value < 0.05, indicating that at
least the two groups had significantly different variants. In addition, bivariate analysis was
performed to determine the relationship between the control and test groups on glomeru-
lar diameter, Bowman’s space width, glomerular tubularization, and proximal tubular
thickness of alloxan-induced mice.

Furthermore, the data that have been obtained will be tested using an unpaired
numerical comparative test. If the normal data distribution and variance results were
the same, the bivariate test was a one-way ANOVA with a Bonferroni test. However, if
the results of the normal data distribution and variants are different, then the test used
was a one-way ANOVA with a Tamhane’s test. The post hoc test was only performed if
there was a significant difference (p < 0.05). If ANOVA test did not meet the requirements,
nonparametric analysis was performed using Mann–Whitney test.

3. Results

In this study, we exhibited an ethanolic extraction of A. muricata leaves. Our findings
denoted that the ethanol extract of A. muricata leaf has concentration of alkaloids and
flavonoids were 21.37 ± 3.6 µg atropine eq/mL and 43.15 ± 2.04 µg quercetin eq/mL,
respectively (Figure 1). These results amplify the HPLC-ESI-MS/MS analysis, which
identified various alkaloid and flavonoid compounds in this plant extract (Figure 2 and
Table 2). Some common bioactive compounds were shown in the ethanolic extract, such
as anonaine, chlorogenic acid, coclaurine, isolaureline, isoquercetin, kaempferol, loliolide,
norcorydine, quercetin, reticuline, rutin, and xylopine (Figure 3).
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Figure 1. Alkaloids and flavonoids content in A. muricata leaf ethanol extract.

The diameter of renal glomeruli was significantly higher in the positive controls when
compared to negative controls (p > 0.05, indicated normal data distribution). However, treat-
ment with SLEE significantly reduced the glomerular diameter to the normal distribution
values (Table 3).
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LC-MS/MS analysis.

Table 2. Bioactive compound profiles from A. muricata leaf ethanol extracts identified by LC-MS/MS.

No. Bioactive
Compound

Molecular
Formula

Retention
Time (min)

Observed
m/z Class *

1 Anonaine C17H15NO2 9.69 2.661.173 AL
2 Chlorogenic acid C16H18O9 8.53 3.551.019 FG
3 Coclaurine C17H19NO3 7.60 2.861.434 AL
4 Isolaureline C19H19NO3 9.19 3.101.433 AL
5 Isoquercetin C21H20O12 10.32 4.651.024 FG
6 Kaempferol C15H10O6 11.42 2.870.547 FG
7 Loliolide C11H16O3 11.80 1.971.172 ML
8 Norcorydine C19H21NO4 8.06 3.281.539 AL
9 Quercetin C15H10O7 9.23 3.030.496 FG
10 Reticuline C19H23NO4 9.11 3.301.696 AL
11 Rutin C27H30O16 8.44 6.111.601 FG
12 Xylopine C18H17NO3 14.24 2.961.279 AL

* AL: alkaloid; FG: flavonol glycoside; ML: monoterpenoid lactone.

Table 3. The overall analysis of the data distribution from all variables of left and right kidneys in the
treatment mice groups.

Variable Treatment Group Mean ± SE ** p-Value

Diameter of the renal glomerulus in the
left kidney

Negative control 594.61 ± 37.58 0.735 *
Positive control 608.93 ± 27.09 0.059 *

LD-SLEE 581.72 ± 35.41 0.971 *
MD-SLEE 578.64 ± 46.44 1.000 *
HD-SLEE 569.35 ± 32.71 0.915 *

Diameter of renal glomerulus in the
right kidney

Negative control 525.45 ± 51.29 0.029
Positive control 531.10 ± 19.31 0.757 *

LD-SLEE 560.22 ± 29.57 0.409 *
MD-SLEE 546.86 ± 36.02 0.964 *
HD-SLEE 528.29 ± 36.15 0.489 *

Left kidney Bowman’s space width

Negative control 41.17 ± 9.29 0.006
Positive control 53.86 ± 4.89 0.641 *

LD-SLEE 36.53 ± 7.39 0.176 *
MD-SLEE 46.97 ± 6.54 0.229 *
HD-SLEE 62.31 ± 5.53 0.447 *
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Table 3. Cont.

Variable Treatment Group Mean ± SE ** p-Value

Right kidney Bowman’s space width

Negative control 37.33 ± 4.02 0.426 *
Positive control 68.57 ± 7.23 0.538 *

LD-SLEE 80.75 ± 16.77 0.540 *
MD-SLEE 93.46 ± 18.89 0.231 *
HD-SLEE 102.60 ± 14.41 0.540 *

Thickness of the proximal convoluted
tubule of left kidney

Negative control 54.32 ± 2.19 0.134 *
Positive control 56.23 ± 4.85 0.826 *

LD-SLEE 64.13 ± 3.19 0.449 *
MD-SLEE 62.24 ± 1.94 0.351 *
HD-SLEE 54.01 ± 3.15 0.718 *

The thickness of the proximal convoluted
tubule of the right kidney

Negative control 59.22 ± 1.55 0.291 *
Positive control 55.37 ± 2.98 0.436 *

LD-SLEE 58.48 ± 1.65 0.268 *
MD-SLEE 52.87 ± 5.82 0.123 *
HD-SLEE 47.33 ± 5.40 0.761 *

Left renal glomerular tubularization

Negative control 23.80 ± 1.77 0.057 *
Positive control 13.20 ± 1.14 0.090 *

LD-SLEE 17.60 ± 1.60 0.377 *
MD-SLEE 15.00 ± 1.81 0.627 *
HD-SLEE 9.20 ± 3.32 0.808 *

Right renal glomerular tubularization

Negative control 26.40 ± 1.40 0.032
Positive control 18.20 ± 3.27 0.363 *

LD-SLEE 24.00 ± 3.42 0.587 *
MD-SLEE 17.80 ± 1.35 0.492 *
HD-SLEE 13.00 ± 5.18 0.283 *

** SE: standard error; * p > 0.05 indicated normal data distribution. LD-SLEE = low-dose ethanol extract of
soursop leaf; MD-SLEE = medium-dose ethanol extract of soursop leaf; HD-SLEE = high-dose ethanol extract of
soursop leaf.

Based on Table 3, the p-value > 0.05 were found in most treatment groups. It indicated
that the experimental data were normally distributed. The p-value of Bowman’s space
width of left kidney were > 0.05 in positive control, low-dose ethanol extract of soursop
leaf (LD-SLEE), medium-dose ethanol extract of soursop leaf (MD-SLEE), and high-dose
ethanol extract of soursop leaf (HD-SLEE) groups. It indicated that these treatment gorups
have a normal data distribution. However, the negative control group had an abnormal
data distribution with a p-value of 0.006 (p < 0.05).

The histopathology analyses of renal glomerular diameters, Bowman’s space width,
the thickness of proximal convoluted tubule, and renal glomerular tubularization of both
left and right kidneys were performed by Hematoxylin and Eosin (H&E) staining at 400×
magnification under light microscopy, as depicted in Figure 4.

The analysis of the data distribution using Shapiro–Wilk test showed a p-value > 0.05
in each treatment group of Bowman’s space width of the right kidney. It showed that the
distribution of data in each group of Bowman’s space width of right kidney is normally
distributed (Table 4).

Levene’s test was used to perform data variant homogeneity of a diameter of renal
glomerulus in left kidney had a p-value of 0.794 (p > 0.05), indicating that the data variant
was homogeneous. The results of Kruskal–Wallis test from right kidney glomerular diame-
ter had a p-value of 0.917 (p > 0.05), showing no significant difference in the mean between
treatment groups. Therefore, Mann–Whitney post hoc test was not performed.

The results of Kruskal–Wallis test from Bowman’s space width of left kidney had a
p-value of 0.072 (p > 0.05), which showed no significant difference in the mean between
the treatment groups. Thus, Mann–Whitney post hoc test was not performed. Meanwhile,
Levene’s test results from Bowman’s space width of right kidney had a p-value of 0.319
(p > 0.05) in each treatment group, showing that data variance in each treatment group
was homogeneous.
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Figure 4. Histopathology profiles: the renal glomerular diameters, the Bowman’s space width, the
renal proximal convoluted tubule and the renal glomerular tubularization of the left kidney. All
figures were prepared by Hematoxylin and Eosin (H&E) staining at 400× magnification in each
group of: (a). Negative control; (b). Positive control; (c). Low-dose ethanol extract of soursop leaf
(LD-SLEE) group 150 mg/kg BW; (d). Medium-dose ethanol extract of soursop leaf (MD-SLEE) group
300 mg/kg BW; (e). High-dose ethanol extract of soursop leaf (HD-SLEE) group 600 mg/kg BW.
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Table 4. The homogeneity test results of data variants with Levene’s test and Kruskal–Wallis test
from all left and right kidneys variables in the treatment mice groups.

Variable Statistical Test Statistical Value p-Value

Diameter of renal glomerulus in the left kidney Levene’s test 0.418 0.794 *
Diameter of renal glomerulus in the right kidney Kruskal–Wallis test 0.953 0.917 **

Left kidney Bowman’s space width Kruskal–Wallis test 8.603 0.072 **
Right kidney Bowman’s space width Levene’s test 1.259 0.319 *

Thickness of the proximal convoluted tubule of left kidney Levene’s test 1.765 0.175 *
Thickness of the proximal convoluted tubule of right kidney Levene’s test 7.184 0.001

Left renal glomerular tubularization Levene’s test 2.551 0.071 *
Right renal glomerular tubularization Kruskal–Wallis test 8.191 0.085 **

* p > 0.05 showed a homogeneous data variant in Levene’s test, and ** p > 0.05 indicated no significant difference
in Kruskal–Wallis test.

An analysis using Levene’s test of the variable of the thickness of proximal convoluted
tubule of left kidney showed a p-value of 0.175 (p > 0.05). Thus, the data variants in the
treatment group were homogeneous. On the other hand, Levene’s test of the thickness of
proximal convoluted tubule of right kidney variable had a p-value of 0.001 (p < 0.05) in each
treatment group. It was confirmed that the data variants of proximal convoluted tubule’s
thickness were significantly different from the thickness of proximal convoluted tubule of
right kidney.

The data variant analysis of left renal glomerular tubularization variable using Lev-
ene’s test showed a p-value was 0.071 (p > 0.05). It indicated that the data variant of each
treatment group was homogeneous. Moreover, the data variant analysis of right renal
glomerular tubularization variable using Kruskal–Wallis test showed a p-value was 0.085
(p > 0.05), performing no significant difference among the treatment groups. Therefore,
Mann–Whitney post hoc test was unnecessary.

Statistical analysis using the one-way ANOVA test was carried out to determine the
optimal dose of soursop leaf ethanol extract (Annona muricata) against renal histopatho-
logical changes, particularly the thickness in right Bowman’s space width and left renal
glomerular diameter of alloxan-induced mice. The one-way ANOVA statistical analysis of
Bowman’s space width of right kidney and glomerular diameter of left kidney is shown in
Figure 5.

Based on the one-way ANOVA test results, the thickness of left renal had a p-value of
0.947 (p > 0.05). It exhibited that the mean of thickness of left kidney glomerulus between
treatment groups was not significantly different.

The one-way ANOVA test for the thickness of Bowman’s space width of right kidney
had a p-value of 0.025 (p < 0.05). Furthermore, Bonferroni post hoc test was carried out, and
there was a significant difference between the high-dose SLEE (HD-SLEE) group and the
negative control group (Figure 2). Therefore, it was concluded that the mean of Bowman’s
space width of right kidney in each group was significantly different.

The one-way ANOVA test from the thickness of proximal convoluted tubule of left
kidney variable showed that a p-value was 0.119 (p > 0.05) and exhibited no significant
difference. In contrast, the results of one-way ANOVA test for the thickness of proximal
convoluted tubule of right kidney had a p-value of 0.239 (p > 0.05). Thus, it can be suggested
that the mean of the thickness of proximal convoluted tubule of right kidney in each group
was not significantly different.

The results of the data distribution that were normally distributed and the variants
of the homogeneous data in each treatment group had fulfilled the one-way ANOVA test
requirements. Left renal glomerular tubularization variable showed a p-value of 0.001
(p < 0.05), which was significantly different.
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Figure 5. One-way ANOVA test results from some variables of left and right kidneys in the treatment
mice groups. * p < 0.05 indicated significantly different results. LD-SLEE = low-dose ethanol extract
of soursop leaf; MD-SLEE = medium-dose ethanol extract of soursop leaf; HD-SLEE = high-dose
ethanol extract of soursop leaf.

4. Discussion

To our knowledge, no study has previously revealed the effect of soursop leaf ethanol
extract (Annona muricata) on the glomerular diameter in a Swiss Webster mice model of DM.
We compared the effects of A. muricata leaf aqueous extract on the glomerular diameter in
Wistar rats induced by a diet of high-fat and high-fructose (dyslipidemia condition). In
contrast to our findings, Nurhardiyanti reported a reduction in the glomerular diameter
of the right kidney following the administration of water extract of A. muricata leaves
(200 mg/kg BW and 400 mg/kg BW) in Wistar rats with DM [36]. Dyslipidemia is a
lipid metabolism disorder characterized by increased total cholesterol, LDL, triglycerides,
and reduced HDL levels. DM is a common cause of dyslipidemia [37]. Our findings are
different from the research conducted by Handani et al., which examined the effects of
other herbs, cowpea (Vigna unguiculata), on the microscopic features of diabetic kidneys.
They found an improvement in the diameter of the glomerulus in diabetic mice. These
effects may partly be due to antioxidant activities of vitamins C and E, which are also found
in A. muricata [38].

The antioxidant effect in A. muricata leaves can neutralize cellular oxidative stress in
DM, which may lead to improved renal morphology [39,40]. Thus, the increased oxidative
stress in renal cells in DM can pathologically expand glomerular diameter [25,41].

We examined several changes in renal morphology, including Bowman’s space width
of Swiss Webster mice with DM, following the administration of ethanol extract of A. muricata
leaves. Previous studies show that the ethanol extract of A. muricata leaf has antidiabetes
potential [24,42]. The alterations in renal morphology, in particular a narrowing of Bow-
man’s space width and a decrease in the necrotized renal glomerular in DM rats, are a
sign of kidney structure refinement [43]. Treatment with ethanolic extract of A. muricata
showed improvement in diabetic rats. A. muricata leaf ethanolic extract is considered a



Appl. Sci. 2022, 12, 9141 12 of 15

source of bioactive compounds with potential health benefits. The alkaloid compound
derivatives such as anonaine, coclaurine, isolaureline, norcorydune, reticuline, and xylop-
ine may contribute as antioxidants. Similarly, flavonoid derivatives such as clorogenic acid,
isoquercetin, kaempferol, quercetin and rutin may have potential antioxidant acitivites.
Terpene derivatives of some parts of soursop plants are effective as an antioxidant. It is
also known to have antimicrobial and antitumor activities [28].

Hyperglycemia relates to an overproduction of ROS, which damages the mitochondria,
causing cell death [39]. Oxidative stress due to excessive production of ROS can induce
pathological alterations in renal morphology by narrowing Bowman’s space width [44].
The SLEE treatment showed a reduction of Bowman’s space width and this treatment
dose is potential for repairing the damage in diabetic-induced mice. Some studies showed
that a dose-dependent manner of A. muricata extract enhanced the repairment of diabetic
rodents [45–47]. This is due to the role of antioxidant substances in A. muricata extracts,
such as catalase and superoxide dismutase, and non-enzymatic antioxidants such as vita-
mins C and vitamin E [25,41]. The antioxidant activity of A. muricata can suppress ROS
formation [25,41,44]. Therefore, A. muricata leaf extract is expected to prevent complications
of DM, in particular renal damage as in diabetic nephropathy, which is characterized by
changes in kidney morphology, including narrowing of Bowman’s space width [25,41,44].

Proximal convoluted tubule (PCT) plays a role in the reabsorption of urine. Under
normal conditions, approximately 97% of glucose is reabsorbed in the PCT [48]. The
administration of a dose-dependent manner of A. muricata extract in alloxan-induced mice
performed a refinement on the thickness of the PCT of left and right renal in this study.
A study conducted on knock-out mice found that the sodium-glucose co-transporter 2
(SGLT2) is responsible for glucose reabsorption, especially in the initial segment of the
PCT. In addition, sodium-glucose co-transporter1 (SGLT1) was responsible for glucose
reabsorption of approximately 40% in subsequent segments in the PCT. Studies conducted
on Zucker rats (in obesity-induced diabetes) found an increase in the expression of SGLT1
and SGLT2, which are primarily responsible for glucose reabsorption in the proximal
tubular convolution [48]. The early onset of DM is characterized by cellular proliferation,
hypertrophy, and aging of tubular cells in the PCT. The hyperglycemia condition in DM
also induces structural changes in the PCT, including the thickening of the PCT due to an
increase in the reabsorption capacity of proximal contours [49,50].

A normal distribution of left renal glomerular tubularization was reported in this
study. This is a novel finding since no studies have previously examined the effect of
ethanol extract of A. muricata leaves on glomerular tubularization in Swiss Webster mice
treated with alloxan. Glomerular tubularization is a critical indicator for determining the
severity of kidney damage [51]. Glomerular tubularization is the retrograde growth or
proliferation of PCT cells around Bowman’s luminal surface [52].

The ethanol extract of A. muricata leaves is expected to prevent glomerular tubulariza-
tion in DM, as this extract lowered the blood glucose and lipid levels in alloxan-induced
Wistar rats [53]. The ethanol extract of A. muricata leaves contains several active substances
that have the antidiabetes and antioxidant potential. A. muricata leaves contain phenolics,
catechine, epicatechin, routine, other flavonoid glycosides, and chlorogenic acid, which
are known to have antioxidant effects. The antioxidant activity of A. muricata leaves can
suppress the production of ROS and reduce oxidative stress, which is a major cause of
the renal damage in DM characterized by alterations in renal morphology and glomerular
tubularization [25,39,41,44].

5. Conclusions

Altogether, we reported that soursop leaf ethanol extracts (SLEE) have substances
of total alkaloid and total flavonoid contents. Twelve bioactive compounds profiles were
identified in the SLEE classified as alkaloid, flavonol glycoside, and monoterpenoid lactone
derivatives, which have an antioxidant effect that scavenges the excessive reactive oxygen
species (ROS). There is a significant difference in Bowman’s space width of alloxan-induced
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mice after administration of the SLEE. Renal glomerular tubularization of alloxan-induced
mice was reduced following the administration of the SLEE at a dose-dependent manner.
Taken together, our results indicate a therapeutic potential of A. muricata in kidney restora-
tion in DM. Further studies are required to dissect the molecular, cellular, and functional
effects of A. muricata on diabetic kidneys.
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