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Abstract. Diabetes mellitus is a chronic metabolic disorder
characterized by hyperglycemia and oxidative stress-related organ
damage, including liver injury. This study evaluated the
antihyperglycemic activity and liver histopathological effects of a
nanoemulsion containing methanolic extract of Annona muricata L.
leaves in alloxan-induced rats. The nanoemulsion exhibited an
average droplet size of 13.96 nm and a polydispersity index of 0.216.
Thirty-five male rats were divided into seven groups: normal control,
negative control, positive control (glibenclamide), nanoemulsion-
treated groups (140 and 280 mg/kg body weight), and conventional
extract-treated groups at the same dose. Blood glucose levels were
measured on days 0, 3, and 17, while liver histopathology was
evaluated using hematoxylin-eosin staining. Alloxan induction caused
severe hyperglycemia and liver damage characterized by congestion,
inflammatory cell infiltration, vacuolization, fatty degeneration, and
necrosis. Both nanoemulsion and conventional extract treatments
significantly reduced blood glucose levels compared with the negative
control. Nanoemulsion at 280 mg/kg body weight produced the
greatest antihyperglycemic effect, reducing blood glucose levels by
79.8%, whereas the conventional extract reduced them by 77.1% at
the same dose. Histopathological findings also demonstrated
improved liver structure and reduced tissue damage, particularly in
nanoemulsion-treated animals. These results suggest enhanced

biological performance and therapeutic potential.
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1. Introduction

Non-communicable diseases (NCDs) continue to be a significant global health issue, Diabetes Mellitus
(DM) being one of the primary contributors to morbidity and mortality worldwide, including
Indonesia [1]. Diabetes mellitus (DM) is a chronic metabolic disorder caused by deficiency in insulin
secretion, decreased insulin sensitivity, or both, resulting in a persistent state of hyperglycemia. This
condition not only affects glucose metabolism, but also contributes to damage to various target organs
through the mechanisms of oxidative stress and chronic inflammation. Uncontrolled hyperglycemia
triggers serious complications, such as microvascular (retinopathy, nephropathy, neuropathy) and
macrovascular (cardiovascular diseases), which are the leading cause of death in patients with diabetes
[2-3]. Among the affected organs, the liver plays a central role in glucose regulation through
gluconeogenesis and glycogenolysis; thus, secondary liver damage from hyperglycemia further
exacerbates metabolic dysfunction. The multifactorial complexity of DM and its complications makes
the development of more effective, safe, and accessible therapeutic strategies an ongoing clinical
priority [4].

In recent decades, the use of medicinal plants as complementary therapy for diabetes mellitus has
gained increasing attention. Natural products are widely studied due to their abundant availability and
potential biological activities, although their effectiveness and safety still depend on the type of active
compounds and the dosage used [5-6]. One plant that has been empirically used is Daun Sirsak (4.
muricata L.), which are known to contain various secondary metabolites such as flavonoids, alkaloids,
saponins, tannins, and steroids. These compounds have been reported to have activities related to
lowering blood glucose levels through various mechanisms, including increasing insulin sensitivity
and modulating glucose metabolism [7-8]. The synergistic contribution of these phytochemicals
supports the antihyperglycemic potential of A. muricata leaf extract as a whole-plant formulation.

However, the effectiveness of bioactive compounds from plants is often limited by their low water
solubility, poor stability, and limited bioavailability after oral administration. These limitations can
impact optimal therapeutic effects, necessitating formulation approaches that enhance the
performance of these active compounds. One of the developing approaches is the nanoemulsion
system, namely a dispersion system with droplet sizes in the nano range (20—200 nm) which is reported
to increase the solubility and stability of several bioactive compounds and has the potential to improve
absorption in biological systems [8-9]. Several studies have shown that nanoemulsion formulations
can provide better biological responses than conventional extract forms, including in hyperglycemia
models [10-11]. In addition to increasing bioavailability, the nanoemulsion system also has the
potential to provide a more controlled release of active compounds and increase more even
distribution to target tissues. This is relevant in DM therapy, considering that long-term treatment is
often associated with limited drug absorption, fluctuations in glucose levels, and the risk of side effects
such as hepatotoxicity and hypoglycemia due to the use of certain synthetic drugs [12-13].

A previously reported nanoemulsion formulation of methanolic A. muricata L. leaf extract (F1)
exhibited favorable physicochemical characteristics, with a mean droplet size of 13.96 nm and a
polydispersity index (PDI) of 0.216, indicating a homogeneous and stable colloidal system [14]. These
parameters suggest that the formulation has a suitable size distribution to support enhanced
bioavailability. However, direct experimental evidence regarding its antihyperglycemic efficacy and
its effects on liver histopathological changes in a diabetes animal model remains limited and has not
been systematically evaluated. Based on this, this study aims to evaluate the antihyperglycemic activity
of a methanolic soursop leaf extract nanoemulsion and its association with changes in blood glucose
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levels and liver histopathology in alloxan-induced mice. The results are expected to contribute to the
development of a natural nanoemulsion-based delivery system as an alternative approach to diabetes
therapy.

2. Research Method

2.1. Materials

In this study, the materials used were: Daun Sirsak (Annona muricata L), Methanol 96% (Merck),
Agquadest (one lab), HC1 32% (merck), Mg powder (merck), H,SO4 2N, reagent Dragendroff, reagent
Meyer and reagent Wagner, FeCls 1%, CH3COOH. The tools used are sample preparation: blenders,
measuring flasks, measuring cups, rotary evaporators, dark glass bottles, filter paper, glass funnels,
vials, analytical scales, spatulas, stirring rods, dropper pipettes, micropipettes, syringes 1 cc, oral
feeding needles, Particle Size Analyzer (PSA) and light microscopes.

2.2. Preparation of Plant Extract and Nanoemulsion
Extract and nanoemulsion were obtained from previously optimized formulations and used without
further modification [15].

2.3. Phytochemical Screening

Phytochemical screening was performed qualitatively to identify classes of secondary metabolites in
the extract [15]. Flavonoid identification was performed using the Mg-HCl test, which is characterized
by a color change from yellow to red. The alkaloids were tested using Dragendorff’s, Mayer’s, and
Bouchardat’s reagents, which yielded positive results through the formation of a white precipitate.
Saponins were identified based on the formation of a stable foam after shaking and the addition of 2
N HCI. Tannins were tested using 1% FeCls, with a color change to green, blue, purple, or black
serving as an indicator. Meanwhile, the identification of steroids and triterpenoids is performed using
the Liebermann—Burchard reagent after extraction with n-hexane, characterized by a green color
change for steroids and a red or purple color change for triterpenoids.

2.4. Antihyperglicemic Activity
This study used 35 male mice, which were divided into 7 groups, acclimated for 1 week in the
laboratory, and fed a standard diet. The test animals were fasted for approximately 16 hours on day
0, after which their body weight was measured and their blood glucose levels were determined. Groups
II-VII were administered an intraperitoneal injection of alloxan at a dose of 210 mg/Kg body weight.
Subsequently, blood glucose levels were measured on day 3; animals with glucose levels > 200 mg/dL
were selected as test animals. The test animals were divided into several treatment groups, each
consisting of five animals, and all treatments were administered orally.

Observations of test animals according to groups were carried out for 14 consecutive days. Blood
glucose levels were measured on days 0, 3, and 17 after induction [16]. The percentage reduction in
blood glukosa levels is calculated as follows:

oD g initial blood glucose level — final blood glucose level % 100%
olecreased = initial blood glucose level ’

In addition, this research stage has also obtained approval from the Ethics Committee of the
Faculty of Medicine and Health Sciences, University of Jambi (project number
1658/UN21.8/PT.01.04/2025).
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Table 1. Treatment Group of Test Animals

Group Treatment
Normal not induced
K- alloxan 210 mg/Kg body weight
K+ alloxan 210 mg/Kg body weight and Glibenclamide 5 mg/Kg body weight
alloxan 210 mg/Kg body weight and nanoemulsion of extract sirsak leaf 140
N1 .
mg/Kg body weight
alloxan 210 mg/Kg body weight and nanoemulsion of extract sirsak leaf 280
N2 .
mg/Kg body weight
El alloxan 210 mg/Kg body weight and extract of sirsak leaf 140 mg/Kg body weight
E2 alloxan 210 mg/Kg body weight and extract of sirsak leaf 280 mg/Kg body weight

Note: K- = Negative control, K+ = Positive Control, N1 = nanoemulsion dosage 140 mg/Kg body
weight. N2 = nanoemulsion dosage 280 mg/Kg body weight, E1 = extract dosage 140 mg/Kg body
weight, E2 = extract dosage 280 mg/Kg body weight.

2.5. Histopathology

Mice were euthanized through cervical dislocation after anesthesia with chloroform until they lost
consciousness and showed no response to stimulation. A necropsy was then performed and the liver
was carefully removed. The liver tissue was immediately placed in 10% Neutral Buffered Formalin
(NBF) for 24 hours for fixation. After fixation, the tissue was cut to a thickness of approximately 0.2—
0.4 cm and placed in a tissue cassette. The dehydration process was carried out in stages using 70%,
80%, 90%, 96%, and 100% ethanol, followed by clearing using xylene. The tissue was then infiltrated
with paraffin and paraffin blocks were created through an embedding process. The paraffin blocks
were cut using a microtome with a thickness of 4—7 um, then the tissue slices were attached to a glass
slide and stained with Hematoxylin-Eosin (H&E) for histopathological observation of the liver under
a light microscope [17]. Then an examination was carried out using a microscope with 100X
magnification and then continued with 400X magnification [18].

2.6. Data Analysis

Blood glucose measurement data were statistically analyzed using One-Way ANOVA (Analysis of
Variance) to determine significant differences between treatment groups. If the ANOVA results
showed a p-value <0.05, then a significant difference was considered, and post-hoc analysis was
conducted using the Least Significant Difference (LSD) Test at a 5% significance level [19].
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Figure 1. Schematic/Flowchart of Research
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3. Results and Discussion

3.1 Phytochemical Screening and Nanoemulsion

Phytochemical screening of the methanol extract of A. muricata L. leaves was carried out qualitatively
to identify the presence of major secondary metabolites. The results of the analysis showed the
presence of flavonoids, alkaloids, saponins, tannins, and steroids (Figure 1). Identification of these
compounds is based on characteristic color changes or the formation of precipitates upon the addition
of specific reagents according to standard methods. However, the biological effectiveness of these
compounds is often limited by their low water solubility and limited oral bioavailability. Therefore,
the extract was formulated into a nanoemulsion system as an approach to improve its physicochemical
characteristics and support its biological performance.

- “ R

(a) (®) - © (d) ©)
Figure 2. Phytochemical Screening Result of 4.muricata L. Methanol Extract; (a) Flavonoids,
(b) Alkaloids with Dragendroff Reagent, (c) Saponins, (d) Tannins, (e) Streoids.

In nanoemulsion formulations, VCO is used as the oil phase due to its good solubility with various
bioactive compounds. Its hydrophobic nature allows the formation of nanoemulsion droplet cores,
which can protect the active compounds from degradation due to environmental factors such as light,
temperature, and digestive enzymes [20]. Tween 80 was chosen as the surfactant due to its excellent
emulsifying capacity and its suitability for oil-in-water nanoemulsion systems. As a nonionic
surfactant with a high hydrophilic-lipophilic balance (HLB = 15), Tween 80 effectively reduces the
interfacial tension between the oil and water phases, thus facilitating the formation of nano-sized
droplets with better physical stability. The steric barrier formed by Tween 80 around the oil droplets
can prevent coalescence and phase separation, thus maintaining the integrity of the nanoemulsion
during storage and gastrointestinal transit [21].

The nanoemulsion used in this study (F1) is a formulation that has been optimized in previous
research [15]. The formulation had an average droplet size of 13.96 nm with a polydispersity index
(PDI) of 0.216, indicating a relatively homogeneous and stable particle size distribution. This system
is an oil-in-water (O/W) type and did not exhibit phase separation during storage, indicating good
physical stability.

The small droplet size and low PDI values allow for increased surface area and interaction with
biological membranes. This is thought to contribute to the differences in antihyperglycemic responses
observed between the nanoemulsion and conventional extract groups in this study, although the
underlying mechanisms require further study.

3.2 Antihyperglicemic Activity
Measurement of blood glucose levels (Table 2; Figure 2) showed significant differences between
groups on days 0, 3, and 17 (p<0.05). In the normal group, glucose levels gradually increased
throughout the observation period, but remained within physiological limits (<200 mg/dL). This
reflects that glucose homeostasis is maintained well without alloxan induction through normal
metabolic regulation.

In contrast, the negative control group (K—) showed a very high increase in glucose levels reaching
490.33+189.9 mg/dL on day 17. This condition clearly indicates the occurrence of severe
hyperglycemia due to alloxan induction. This is in accordance with the mechanism of alloxan which

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta
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can damage pancreatic 3 cells through the formation of free radicals, thereby significantly reducing
insulin secretion [20].

Table 2. One-Way ANOVA Post Hoc Duncan Test of Decreased Blood Glucose in Mice
Blood Glucosa Levels in Mice

Treatment Group

HO H3 H17

Normal 88,33+20,4° 111,00%11,5° 156,66%17,9°
K+ 138,33+18, 7" 325,00+120,5" 132,33429,3
K- 157,33434,4° 265,33+75,7% 490,33+189,9°
N1 131,00+1,0% 377,33+186,7° 173,00+80,5
N2 138,66+5,0 564,33+50,1¢ 114,00+21,6°
El 112,33+10,4% 336,00+67,5 139,33+47,7°
E2 126,33421,7% 583,00427,7¢ 133,66+45,5°
Sig. 0,016 0,000 0,001

In the positive control group (K+), blood glucose levels increased on day 3, then decreased on day
17 to approach the normal range. This pattern indicates an improvement response after the initial
hyperglycemic phase, reflecting the effectiveness of the therapeutic agent in suppressing the increase
in glucose levels.

( N
700 -

583+27,7c

(o))

o

o
1

564,3350,1c
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U

o

o
1

W H+0 (mg/dL)
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Blood Glucose Levels (mg/dL)

Normal  Glibenclamide Alloxan 210 Nanoemulsion Nanoemulsion soursop leaf soursop leaf
control 5 mg/Kg mg/Kg 140mg/kg 250 mg/kg  extract 140  extract 250

K /K
\_ Treatment Group me/ke merme )

Figure 3. Diagram of Activity Methanol Extract on Blood Glucose Levels of Alloxan-Induced
Mice. Different Letter Notations Indicate Differences Between Treatments Based on
Duncan's Extended Test.

Treatment groups N1, N2, E1, and E2 showed a similar trend, namely a spike in glucose levels on
the 3rd day which was then followed by a decrease on the 17th day. Even though there was a fairly
high increase, the value at the end of the observation was not significantly different from the normal
group, but was significantly different compared to K-. Treatment group N2 and E2 showed a more
consistent decrease in glucose levels on day 17, indicating a trend towards a better response at higher
doses. However, because this study did not use advanced pharmacodynamic analysis, the dose-
response relationship can only be concluded as a trend. The antihyperglycemic effect observed in the

Antihyperglycemic Effect of Nanoemulsified Methanolic Extract of Annona muricata L.
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treatment group is thought to be related to the presence of bioactive compounds such as flavonoids,
alkaloids, tannins, and saponins. Flavonoids have antioxidant and anti-inflammatory activities that
play a role in reducing oxidative stress and modulating insulin signaling pathways such as PI3K/ Akt
and AMPK [21-22]. In addition, flavonoids can also inhibit the enzymes a-amylase and a-glucosidase,
thereby reducing glucose absorption in the intestine [23].

Alkaloids are reported to have antihyperglycemic activity through inhibition of carbohydrate
digestive enzymes and increased regulation of glucose metabolism [24]. Meanwhile, tannins can
reduce glucose absorption through inhibition of digestive enzymes, and saponins play a role in
stimulating insulin secretion and regulating lipid and glucose metabolism [24-25].

The superior effectiveness of nanoemulsions compared to conventional extracts is thought to be
related to their physicochemical characteristics, particularly their extremely small droplet size (13.96
nm) and relatively homogeneous particle size distribution (PDI 0.216). The nanometer-scale droplet
size results in a significantly larger specific surface area compared to conventional extracts. This
increased surface area allows for more intensive contact between bioactive compounds and
gastrointestinal fluids and epithelial membranes, thereby accelerating the intestinal dissolution process
and increasing the amount of active compounds available for absorption.

At the molecular level, this increased bioavailability can increase the concentration of active
compounds reaching the systemic circulation. By increasing the absorption of active compounds
through the nanoemulsion interaction system, the bioactive compounds are thought to be more
optimally linked to their target molecules compared to conventional extracts.

Furthermore, oil-in-water nanoemulsion systems can help maintain the stability of bioactive
compounds during digestion and protect them from degradation due to pH changes and enzymatic
activity in the digestive tract. Nanodroplets also have the potential to increase intestinal membrane
permeability through better interaction with the mucosal layer, thereby increasing the fraction of
compounds that can pass through the intestinal epithelium. This mechanism can explain why the
nanoemulsion group, especially the 280 mg/Kg body weight dose (N2), showed a greater reduction
in blood glucose levels compared to the conventional extract at the same dose.

These mechanisms collectively explain the trend of decreased blood glucose levels observed in the
treatment group. Furthermore, these improvements in biochemical parameters were accompanied by
qualitative improvements in liver histopathology, indicating reduced necrosis and inflammation
compared to the negative control group. Overall, the reduction in blood glucose levels in the treatment
group was the result of the synergistic contribution of these various bioactive compounds. However,
because no direct molecular mechanisms were tested, this explanation is interpretive based on the
supporting literature.

3.3 Histopathology

In this study, histopathological observations used hematoxylin-eosin (HE) staining (Table 3). Using
hematoxylin-eosin (HE) staining, it is possible to clearly identify changes in tissue morphology, where
the cell nucleus is stained blue and the cytoplasm is red to orange [26]. In the normal group, liver tissue
exhibited intact lobular architecture with a central vein located in the center of the lobule. Hepatocytes
appeared radially arranged, forming cords or plates of cells that led from the central vein to the portal
area. Hepatocytes had round, distinct nuclei, and sinusoids were seen arranged regularly between the
cords. This histological arrangement indicated that the liver structure and function were in normal
physiological condition without any signs of tissue damage [27].

Alloxan induction triggered significant changes in both biochemical and histological parameters.
The high blood glucose levels in the negative control group (K-) up to day 17 correlated with liver
structural damage characterized by congestion, inflammatory cell infiltration, vacuolation, and
necrosis. This condition indicates that hyperglycemia plays a role in increasing oxidative stress that
causes hepatocyte cell damage. This mechanism is related to alloxan's ability to produce free radicals
that damage cell membranes and organelles, thus disrupting cellular function [21].

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta
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The positive control group (K+) showed a decrease in blood glucose levels on day 17, followed by
improvement in histopathology, although mild damage was still found. This indicates that glucose
control directly contributes to the reduction in liver tissue damage. Treatment groups N1, N2, E1, and
E2 showed a pattern of increased blood glucose levels in the initial phase followed by a decrease at
the end of the observation. These changes occurred in conjunction with improvements in liver
histology, characterized by reduced necrosis, inflammation, and congestion compared to the K- group.
Fatty degeneration and vacuolation were still found in some groups, indicating that the tissue recovery
process was not yet fully optimal.

A Detter response was seen in the N2 and E2 groups, which showed a more significant decrease in
blood glucose levels on day 17. This condition is consistent with the relatively better histopathological
picture compared to the other treatment groups, thus indicating a stronger protective effect. This can
be attributed to the characteristics of the preparation used, where the optimized nanoemulsion
formulation allows for better dispersion of the active compounds and enhances interaction with
biological systems. The association between improved blood glucose levels and tissue structure
suggests that modulation of glucose metabolism plays a crucial role in maintaining hepatocyte
integrity. This histopathological improvement is likely related to reduced oxidative stress due to the
activity of bioactive compounds, particularly flavonoids and polyphenols, which have been reported
to have protective effects on tissue through antioxidant and anti-inflammatory mechanisms [28-29].
However, because the histopathological analysis in this study is qualitative, the conclusions that can
be drawn are still limited to observations of tissue morphology. In line with these findings, there was
a consistent relationship between improvements in blood glucose levels and improvements in liver
histological structure in the treatment group, indicating that glycemic control contributes to the
restoration of liver tissue integrity.

The improvement in liver histopathology observed in the nanoemulsion treatment group,
particularly reduced necrosis, inflammatory cell infiltration, and congestion, is thought to be mediated
by the antioxidant and anti-inflammatory activity of bioactive compounds in A. muricata extract. This
is supported by Zeweil et al [30] who demonstrated that A. muricata extract was able to suppress TNF-
a and IL-1 mRNA expression and improve the immunohistochemical structure of damaged tissue.
This mechanism involves the role of flavonoids and acetogenins in inhibiting inflammatory pathways,
increasing endogenous antioxidant capacity, and maintaining cell membrane integrity from damage
due to oxidative stress.

Antihyperglycemic Effect of Nanoemulsified Methanolic Extract of Annona muricata L.
Leaves in Alloxan-Induced Mice
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Table 3. Representative Histopathological Images of Liver Tissue in Experimental Groups (H&E Staining; 100x and 400X Magnification)
Groups Normal K+ K- N1
100x : e : ‘ ‘ I o
magnification

400x%
magnification

Groups
100x
magnification

400%
magnification

Notes: Normal group shows preserved hepatic architecture. Negative control (K—) exhibits severe cellular damage, including necrosis and inflammatory infiltration.
Positive control (K+) and treatment groups (N1, N2, E1, E2) demonstrate varying degrees of cellular improvement, indicated by reduced necrosis and better structural
organization. Black arrow (—) = Necrosis, Green arrow (—) = Congestion, Red arrow (—) = Imflammatory cell infiltration, Blue arrow (—) = Vacuolization, yellow
arrow (—) = fatty degeneration or abnormal accumulation of fat.
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4. Conclusion

Methanol extract of soursop leaves (Annona muricata L.) contains various bioactive compounds that
potentially contribute to antihyperglycemic activity. Alloxan induction in mice causes an increase in
blood glucose levels accompanied by liver histopathological changes in the form of congestion,
inflammatory cell infiltration, vacuolation, and necrosis. Administration of soursop leaf extract
nanoemulsion at doses of 140 and 280 mg/Kg body weight showed a significant decrease in blood
glucose levels compared to the negative control, and was followed by qualitative improvement in liver
histology. Compared with conventional extracts, the nanoemulsion formulation showed a tendency
to provide a more consistent response to reduce blood glucose levels. These findings indicate that
soursop leaf extract nanoemulsion has potential as a candidate for a natural-based antihyperglycemic
agent with protective effects on liver tissue. However, further research with a quantitative approach
and additional biochemical parameters is needed to confirm its mechanism and effectiveness more
comprehensively.
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