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ARTICLEINFO ABSTRACT

Article Type:

Introduction: The extract of Solanum xanthocarpum fruit has antidiabetic activity. This
Original Article

research aims to formulate nanoliposomes containing ethyl acetate extracts of S. xanthocarpum
selected from multilevel extraction, evaluate their physical stability and antidiabetic activity,
and compare them with the extract.

Methods: The extracts were prepared using n-hexane, ethyl acetate, ethanol, and water as
solvents, and their antidiabetic activities were evaluated to select the extract most effective in
lowering blood sugar levels in rats. That extract was formulated into three nanoliposomes using
varying amounts of phospholipid, cholesterol, and Span 60, i.e., F1 (40 mmol), F2 (50 mmol),
and F3 (60 mmol). Various sonication times ranging from 10 to 30 minutes were evaluated
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entrapment efficiency (92.981% + 0.35%) with a sonication time of 30 minutes and was
significantly different from F1 and F3 (P<0.05). The highest percentage reduction in blood
sugar levels was with F2 at 74.57% and significantly differed (P<0.05) from the ethyl acetate
extract of S. xanthocarpum at 73.98% and the positive control rat group.

Conclusion: The results show the potential uses of the prepared nanoparticles, especially the F2
formulation, as an antidiabetic formula.

Implication for health policy/practice/research/medical education:

The article reports the formulation and pharmacological effects from nanoliposomes containing an ethyl acetat extract of
Solanum xanthocarpum fruits. The findings of this study show the potential of these nanoparticles as an alternative treatment for
diabetes disease. However, clinical and toxicological studies are needed to confirm this.
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Introduction alkaloids, flavonoids, tannins, saponins, steroids/
Solanum xanthocarpum is a Solanaceae family plant that triterpenoids, glycosides, and phenolic compounds
contains secondary metabolite components, including (1). The fruits of S. xanthocarpum contain [-sitosterol
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and stigmasterol (2), solasodine (3), solanocarpidine,
carpesterol,  glycoalkaloid, and  a-solamargine
(4). S. xanthocarpum fruit has antibacterial (5),
antihyperlipidemic (6), analgesic, anti-inflammatory,
antioxidant (7), antiurolithic (8), antidiabetic (9), and
estrogenic activities (10).

The total flavonoid contents in ethyl acetate extracts
of S. xanthocarpum were 162.49+0.15 pg quercetin
equivalents/mg extract (11). Numerous pharmacological
activities have been reported as evidence of the health
benefits of quercetin, which include antioxidant, anti-
inflammatory, anti-cancer, antidiabetic, antihypertensive,
antihyperlipidemic, antibacterial, antiviral, antiallergy,
anti-inflammatory, and anti-hyperuricemic activities (12-
14). Quercetin has limited water solubility, low level of
oral bioavailability and therapeutic action as a medication
(15).

Liposomes are effective carrier systems for delivering
herbal extracts with improved therapeutic effects by
enhancing their solubility, stability, and bioavailability
(16). Liposomes are considered excellent drug carriers
due to their advantages in improving solubility and
penetrating compounds with poor solubility (17). They
are elastic, allowing them to be carriers for hydrophilic,
lipophilic, or amphiphilic pharmaceuticals (18). In this
study, a combination method of thin-film hydration and
ultrasonication was used for 10, 20, and 30 minutes to
prepare nanoliposome. It is an easy and quick method
to perform with inexpensive instruments (19). This
approach generates hydrated films with bilayers, such
as multi-lamellar vesicles (MLV) and giant unilamellar
vesicles (GULV); however, the particle sizes (PSs) are
large. Size reduction is required to increase uniformity
(20). Liposome particles of MLVs are >0.5 um, and GULV's
are >1 um (21).

Ultrasonication is a method for reducing PS (22).
Ultrasonication is the application of high-frequency
sound waves that can decrease the size of the particles. The
duration and frequency of the ultrasonic process influence
the resulting nanoliposome diameter. The longer the
ultrasound duration, the smaller and more homogeneous
the PS (23). However, longer ultrasonication will cause the
particles to become too small; the nanoliposome particles
will agglomerate with each other, increasing the PS that
can be measured using a particle size analyzer (PSA) (24).

In 2011, Poongothai et al studied a methanol extract of
S. xanthocarpum, which could reduce blood glucose levels
by 47.130% at 100 mg/kg BW and 61.40% at 200 mg/
kg BW rats (25). Therefore, nanoliposome preparations
were used in the current study. Nanoliposomes, or
bilayer phospholipid vesicles measuring in nanometers,
are a promising encapsulation technology. Some of the
advantages offered by nanoliposome technology are the
protection of sensitive compound molecules, storage
stability, high loading capacity, increased bioavailability,
increased solubility of otherwise insoluble drugs, such

Solanum xanthocarpum extract nanoliposomes

as secondary metabolites contained in extracts from
plants, and a sustained release mechanism that improves
antidiabetic effectiveness. This research aimed to formulate
and evaluate the antidiabetic activity of nanoliposomes
containing S. xanthocarpum fruit extract in rats compared
with the pure extract. The results obtained in this study
are expected to provide a better diabetes treatment for
patients after bioavailability and clinical trials.

Materials and Methods

Plant materials

The plants were collected from North Sumatra province,
Medan, Indonesia. A scientist from the Herbarium
Medanense (MEDA), Jalan Biotechnology Number 1,
University of Sumatera Utara, Medan, recognized the plant
sample and assigned identity number 4618/ MEDA/2019
for the deposited specimen.

Chemical reagents

The chemical reagents utilized in this study included
lipoid S75 (Lipoid GMBH, Germany), lipoid DMPG-
Na (Lipoid GMBH, Germany), cholesterol (Sigma-
Aldrich, Germany), phosphate-buffered saline (Oxoid,
United Kingdom), chloroform Pro Analysis (PA)
(Merck, USA), methanol PA (Merck, USA), distilled
water (Ikapharmindo, Indonesia), nicotinamide (Sigma,
Germany), and streptozotocin (Sigma, Germany).

Instruments

The instruments used in this study included a digital
pH meter (Hanna Instrument, Indonesia), transmission
electron microscope (TEM) (JEOL JEM 1400, Japan),
PSA (Fritsch Analysette 22 nanoTech, Germany), Nano
Particle Analyzer SZ-100 and zeta sizer (Horiba Scientific,
Japan), ultrasonic homogenizer probes (Model 150VT
Biologics, USA), UV-Vis spectrophotometer (Shimadzu
1800, Japan), vortexer (Heidolph, Germany), and rotary
evaporator (Heidolph, Germany).

Preparation of Solanum xanthocarpum fruit powder

Fresh S. xanthocarpum fruits were washed and dried in
a 30 to 40 °C drying cabinet. The dried sample was then
milled into powder and the loss on drying was determined.

Preparation of Solanum xanthocarpum fruit extract using
various solvents

In this study, the extract was prepared using a multilevel
extraction method of n-hexane, ethyl acetate, ethanol,
and water (26). First, 2000 g of S. xanthocarpum fruit
powder was extracted using n-hexane as the solvent. The
extraction process involved adding 5 L of n-hexane to a
vessel, placing the covered vessel in sunshine for 5 days,
and stirring occasionally. The dregs were rinsed with
the balance of the filtered solvent so that the filtrate was
obtained and left for 2 days. The residues were dried at 50
°C in an oven before being extracted with ethyl acetate,
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96% ethanol, and water using the same method. A thick
extract resulted after the filtrate was concentrated using a
rotary evaporator at 50 °C.

Antidiabetic activity of Solanum xanthocarpum extracts
Male Wistar rats weighing 150-200 g were maintained
in laboratory conditions for 14 days after permission was
obtained from the Animal Research Ethics Committee
(AREC), University of Sumatera Utara (0715/KEPH-
FMIPA/2022), before starting the experiment. Each
extract was given orally to diabetic rats induced with a
dose of 230 mg/kg BW of nicotinamide and streptozotocin
at 65 mg/kg BW intraperitoneally (27). The antidiabetic
activity test of the S. xanthocarpum extract was carried
out by administering a test solution to each subject in a
dose of 200 mg/kg BW orally once daily. The percentage
decrease in blood glucose levels was calculated on the day
15 (10).

Thirty rats were divided into 6 groups, each group
containing 5 rats. Before treatment, the rats fasted for 18
hours (ad libitum). Blood samples were drawn from the
tail of each rat to measure the first blood glucose levels
(baseline). After 48 hours of treatment, blood samples were
drawn from each rat to measure their blood glucose levels.
If the blood glucose levels were greater than 200 mg/dL,
then the rats were considered to have hyperglycemia. The
antidiabetic activity test of the S. xanthocarpum extract
was performed by administering a test solution in a dose
of 200 mg/kg BW orally once daily. The group divisions
were as follows:

e Group 1: Negative control, given a suspension

solution of Na-CMC 0.5% kg BW

e Group 2: Positive control, given a glibenclamide

dose of 0.45 mg/kg BW

e  Group 3: Treatment, given n-hexane extract
Group 4: Treatment, given ethyl acetate extract
Group 5: Treatment, given ethanol extract
Group 6: Treatment, given water extract
o The blood glucose levels were measured by

glucometer on days 0, 6, 12, and 15 (10).

The preparation of nanoliposomes by thin-layer hydration
Nanoliposome preparations were made using the
ethyl acetate extract, which was selected based on the
percentage of glucose reduction in diabetic rats. The
nanoliposome formula consisted of 100 mg of extract
and varying quantities of 95% lipoid S75, 5% DMPG-Na
as a phospholipid material, 5% cholesterol, and 5% Span

60, resulting in three different formulations with various
nanoliposomes components: F1 (40 mmol), F2 (50
mmol), and F3 (60 mmol). The 95% lipoid S75, DMPG-
Na, cholesterol, and Span 60 were combined in the
nanoliposome preparation and referred to as mixture A.
Another mixture (B) was created by dissolving 100 mg of
the extract in a 5:5 mixture of methanol and chloroform.
Subsequently, mixture A was added to mixture B and
homogenized using a vortexer. The resulting mixture was
transferred to a round-bottom flask and subjected to a
rotary evaporator at 50 °C and 420 mBar for 1 hour until
a thin film formed on the walls of the round-bottom flask.
Phosphate buffer saline was then added to reach a volume
of 10 mL (28). The resulting liposomes were further
reduced in size using an ultrasonic homogenizer with
sonication times of 10, 20, and 30 minutes. The resulting
nanoliposomes were characterized, and the formulations
are detailed in Table I.

Characterization of nanoliposomes

Organoleptic observations

Organoleptic observations included the shape, smell, and
color of the nanoliposomes. Visual observations were
applied.

pH
The pH was measured at 25 + 2 °C using a digital pH
meter (29).

Measurement of particle size (PS) and polydispersity index
(PDI)

The PS and PDI were determined using a PSA with
dynamic light scattering (DLS) (30).

Determination of zeta potential
The zeta potential (ZP) of nanoliposomes was evaluated
using a zeta sizer with DLS (31).

Morphology

A morphological analysis of nanoliposomes was
conducted using a JEOL JEM 1400 TEM. TEM analysis
was carried out at the Chemistry Laboratory, Gajah Mada
University, Yogya, Indonesia. TEM analysis examined the
inner morphology and PS of nanoliposome particles (32).

Entrapment efficiency
The entrapment efficiency was determined using 10 mL of
nanoliposomes centrifuged at 12000 rpm for 120 minutes

Table 1. Nanoliposome formulations of Solanum xanthocarpum ethyl acetate extract (10 mL)

Formula Quantity of nanoliposom Lipoid S75 (95%) DMPG-Na (5%) Cholesterol (5%) Span 60 (5%)
Extract (mg)

code components (mmol) (mg) (mg) (mg)

F1 40 100 345.3 9.4 7.7 8.6

F2 50 100 431.7 11.4 9.7 10.8

F3 60 100 518.0 13.6 11.6 12.9

Lipoid S75: lipoid soybean 75; DMPG-Na: Dimyristoylphosphatidylglycerol-Natrium.
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at 4 °C until the supernatant and sediment separated. The
sediment was added to 1 mL of methanol 0.1 ml of 10%
AICL, and 0.1 mL of 10% CH,COONa and measured in a
UV-Vis spectrophotometer at 432 nm. This sediment was
a total flavonoid compound (quercetin), and its absorption
was measured using UV-Vis spectrophotometry at 432 nm.
The amount of quercetin in the supernatant and sediment
was used to determine the total flavonoid content of the
nanoliposomes (33). The entrapment efficiency (% EE)
was calculated using the formula below:

Y% Entrapment efficiency

Total flavonoid content of sediment %100%

" Total flavonoid content of sediment nanoliposomes

Antidiabetic activity of Solanum xanthocarpum extracts
nanoliposomes
Twenty diabetic rats were divided into 4 groups,
containing 5 animals in each group. Before treatment,
the rats fasted for 18 hours (ad libitum). The antidiabetic
activity test of the S. xanthocarpum extract nanoliposomes
was performed by administering a test solution in a dose
of 100 mg/kg BW orally once daily. Groups 1 and 2 were
the control groups, and 3 and 4 were the treatment groups.
The group division was as follows:

e Group 1: Negative control, given a suspension
solution of Na-CMC 0.5% kg BW
Group 2: Positive control, given Glibenclamide dose
of 0.45 mg/kg BW
Group 3: Treatment, given the ethyl acetate extract
Group 4: Treatment, given nanoliposomes of the
ethyl acetate extract

Blood glucose levels were measured by glucometer on
days 0, 6, 12, and 15 (10).

Solanum xanthocarpum extract nanoliposomes

Statistical analysis

The data are presented as the mean + standard deviation
(SD). The data resulting from the percentage reduction
in blood glucose levels in rats were analyzed using one-
way analysis of variance (ANOVA) and the data from the
nanoliposome evaluation were analyzed using two-way
ANOVA. P<0.05 indicated a significant difference.

Results

The S. xanthocarpum fruit powder was brownish-yellow in
color. The loss on drying of the S. xanthocarpum powder
was 7.73%.

The extract yield and water content of the extract from
Solanum xanthocarpum fruit

The results were obtained from 2000 g of powdered
S. xanthocarpum, which was extracted by multilevel
extraction based on the polarity level of the solvent starting
from non-polar, semi-polar, and polar, namely, n-hexane,
ethyl acetate, ethanol, and water. The extract yields and
water contents of the extracts of S. xanthocarpum fruit are
shown in Table 2. Photographs of the fresh fruit, powder,
and S. xanthocarpum extract are presented in Figure 1.

Antidiabetic activity test of Solanum xanthocarpum
extracts

The antidiabetic activity test determined a significant
decrease in blood glucose levels on days 0 (7 hours),
6, 12, and 15 after treatment. The extract with the
highest reduction in glucose levels was formulated into
nanoliposome preparations. The largest blood glucose
decrease on day 15 (72.47%) occurred in rats treated with
the ethyl acetate extract, and the lowest was the water
extract at 52.75%. The reductions in blood glucose levels
are presented in Table 3.

Figure 1. Solanum xanthocarpum fruits: (a) fresh fruit, (b) powder, and (c) ethyl acetate extract.

Table 2. Extraction results of Solanum xanthocarpum fruit

Extraction results (g)

Fruit powder weight (g) Water content (%)
Extract Weight (g) Yield (%)
n-Hexane 46.910 2.3460 5.91
Ethyl acetate 34.950 1.7480 7.99
2000
Ethanol 614.28 30.714 5.95
Water 43.870 2.1940 4.62
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Table 3. The antidiabetic activity test results for Solanum xanthocarpum extract

Percentage of blood glucose decrease + SD

Treatment groups Day 0 Day 6 Day 12 Day 15
Na-CMC 0.5% 0.14+1.87 3.42+0.27 7.72+£0.82 11.19+1.27
Glibenclamide 0.45 mg/kg BW 0.74+2.33 32.02+3.87 60.18 + 7.47 72.38 +4.63
n-Hexane 200 mg/kg BW 0.85+3.51 18.63%" + 3.68 41.84*° + 8.20 54.85** +9.01
Ethyl acetate 200 mg/kg BW 0.90 + 3.06 37.70** £ 7.39 63.70*" £ 6.80 72.47** +3.40
Ethanol 200 mg/kg BW 0.39+3.43 27.67** £5.12 54.34** +5.78 65.23*° £ 5.57
Water 200 mg/kg BW 1.46*+2.56 18.86* + 4.42 41.14*°+ 10.04 52.75** +7.77

Results are presented as the mean * standard deviation (SD) (n = 5).
2Significantly different from Na-CMC (P < 0.05)
®Significantly different from Glibenclamide (P < 0.05)

Characterization of nanoliposomes

Organoleptic results

The nanoliposomes obtained from S. xanthocarpum fruit
extract formed a brownish-green viscous liquid, had no
odor and taste, and did not experience phase separation.
No organoleptic differences existed between the F1, F2,
and F3 nanoliposomes. The difference in ultrasonication
time during nanoliposome preparation did not affect the
organoleptic results.

Viscosity, PS, PDI, and ZP

The results of the viscosity, PS, PDI, and ZP measurements
can be seen in Table 4. The viscosity of nanoliposomes
increased with an increase in the concentration of
the nanoliposome material (mmol). The higher the
concentration, the greater the viscosity produced. As the
sonication time increased, the viscosity decreased. All
nanoliposome formulations had nanoscale PSs of 100-
200 nm, and the smallest particles were found in F2, with
a sonication time of 30 minutes.

The significance of the viscosity, PS, PDI, and ZP
based on differences in all the nanoliposome parameters
containing the ethyl acetate extract of S. xanthocarpum fruit
was set to P<0.05 using two-way ANOVA. This showed
significant differences (P<0.05) in all formulations and
sonication times.

Figure 2 shows that the particles had a regular shape,

no agglomeration, and an even distribution. The particles
appeared spherical or round and exhibited MLV. The
TEM measurements indicated that F2 had the smallest
average diameters.

Entrapment efficiency

The entrapment efficiency of nanoliposomes was
measured to determine the amount of drug successfully
trapped in the nanoliposomes. Table 5 shows the results
of the average nanoliposome entrapment efficiency
measurements.

The highest percentage of entrapment efficiency of S.
xanthocarpum extract nanoliposomes was 92.981% in F2
(50 mMol) with an ultrasonication time of 30 minutes
(Table 5).

The nanoliposomes made with an ultrasonication time
of 30 minutes were selected for the stability test based on
the viscosity, PS, PDI, and ZP results.

Results of the stability test

Organoleptic results

After 12 weeks of storage at room temperature (25 + 2
°C), there was no change in the color, smell, or taste of the
nanoliposomes; however, two-phase separation occurred
in nanoliposomes F1, F2, and F3 after 4, 12, and 8 weeks,
respectively.

Table 4. Viscosity, particle size (PS), polydispersity index (PDI), and zeta potential (ZP) of nanoliposomes containing ethyl acetate extract of Solanum

xanthocarpum fruits

Sonication time

10 minutes 20 minutes 30 minutes
Formula
Viscosity Viscosity Viscosity

(cPs) PS (nm) PDI ZP (mV) (cPs) PS (nm) PDI ZP (mV) (cPs) PS (nm) PDI ZP (mV)
1 3110+ 167.80+ 0.3+ -27.433+% 2673 162.57 + 0.2+ -22.767 2498 + 162.57 + 0.2+ -42.133

5.57 6.17 0.02 0.84 2.65 3.78 0.05 0.12 5.57° 6.37° 0.02° +0.59°
2 3659 166.73+ 0.2+ -23.333% 3433 + 154.20 + 0.2+ -27.900+ 3261+ 143.97 = 0.2+ -25.367

2.65 4.67 0.09 0.12 3.00 4.39 0.05 0.00 1.73° 0.64° 0.01° +0.40°
3 3717 180.37+ 0.4+ -37.067% 3327% 14990+ 03+ -32.100% 3056 + 15447+ 03+  -53.367

4.58 1.46 0.01 1.45 3.61 2.44 0.02 0.10 3.61° 0.51¢ 0.01° +0.12¢

Results are presented as the mean * standard deviation (SD) (n=3). a, b, and ¢ mean that values with different superscripts in the same column are

significantly different at P < 0.05.
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Figure 2. Transmission electron micrograph (40 000x) of nanoliposomes ethyl acetate extracts of Solanum xanthocarpum. (a) F1 (40 mmol): particle size
diameter 500 nm, (b) F2 (50 mmol): particle size diameter 200 nm, and (c) F3 (60 mmol): particle size diameters 260 nm.

Organoleptic observation of nanoliposome after 12 weeks
of storage at low temperatures (4 = 2°C) showed that
the color, smell, and taste did not change, and no phase
separation was observed.

pH

The pH values obtained for formulas F1, F2, and F3 were
5.9+0.06, 6.1 £0.06, and 6.0 £ 0.15 respectively; there was
a slight insignificant decrease after 12 weeks of storage at
room temperature (25 + 2 °C) for each formula, namely
F1 (5.5 +0.06), F2 (5.8 £ 0.06), and F3 (5.5 = 0.15) and for
low temperature (4 £+ 2 °C), F1 (5.5 + 0.06), F2 (5.9 + 0.06),
and F3 (5.7 + 0.15).

Viscosity

The viscosity of nanoliposomes containing ethyl acetate
extract of S. xanthocarpum fruit increased during storage.
The viscosity values of nanoliposomes containing ethyl
acetate extract of S. xanthocarpum fruit for formulas F1,
F2, and F3 were 2498 + 6.56, 3261 + 6.24, and 3056 + 3.61
respectively; there was a slight insignificant increase after
12 weeks of storage at room temperature (25 * 2 °C) for
each formula, namely F1 (3258 £ 6.93), F2 (3421 + 6.08),
and F3 (3522 + 11.14) and for low temperature (4 + 2 °C),

F1 (2612 + 8.72), F2 (3407 + 4.36), and F3 (3255 + 6.08).

Particle size
The nanoliposome PS increased with each observation
after 12 weeks at room and low temperatures, as shown
in Table 6.

Antidiabetic activity of nanoliposomes containing Solanum
xanthocarpum ethyl acetate extract

The antidiabetic activity test was performed by
determining the decrease in blood glucose levels on days
0 (7 hours), 6, 12, and 15 after treatment. The highest
percentage of blood glucose decrease (74.57%) on day 15
occurred in rats treated with the nanoliposomes of ethyl
acetate extract. The percentage decrease in blood glucose
levels is presented in Table 7.

Discussion

Solanum xanthocarpum fruit samples were dried into
powder; the loss on drying met the requirements for
hinderingmicrobialgrowthofherbal powderrequirements.
The loss on drying reflects the water content of the fruit
during the drying process; evaporation of the water occurs
during the extraction process. The extract yield and water

Table 5. Entrapment efficiency of nanoliposomes containing ethyl acetate extract of Solanum xanthocarpum fruit

Entrapment efficiency (%) at variation of sonication time

Formulation 10 minutes 20 minutes 30 minutes

F1 (40 mmol) 73.329+1.18° 81.998 + 2.06° 89.711 +0.87°
F2 (50 mmol) 86.114 + 1.09° 89.555 +0.29° 92.981 +0.35°
F3 (60 mmol) 78.733 £ 2.44¢ 86.441+ 0.16¢ 90.670 +0.10¢

Results are given as mean * standard deviation (SD) (n= 3).

Values with different superscript letters (a, b, and c) in the same column are significantly different at P<0.05.

Table 6. The particle sizes (PSs) of nanoliposomes containing ethyl acetate extract of Solanum xanthocarpum fruit storage at low temperature (4 + 2 °C) and

room temperature (25 + 2 °C)

PS (nm)
Formula 0 week 4 weeks 8 weeks 12 weeks
LT and RT LT RT LT RT LT RT
F1 (40 mmol) 162.57 244.29 355.98 261.73 1041.9 264.67 1432.7
F2 (50 mmol) 143.97 144.54 154.21 147.78 322.81 153.67 388.98
F3(60 mmol) 154.47 164.21 233.84 211.45 492.45 221.54 611.95

LT: Low temperature; RT: Room temperature.
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Table 7. The percentage decrease in blood glucose levels of each group of rats

Decreased blood sugar levels (%)

Group of rats

Day 0 Day 6 Day 12 Day 15
Na-CMC 0.5% 0.50+0.20 1.28+0.16 2.34+0.32 2.78+0.28
Glibenclamide (0.45 mg/kg) 1.58+0.02 27.65+ 1.52 66.67+1.39 70.89+ 1.21
Ethyl acetate extract (100 mg/kg) 1.42+ 0.24% 24.91+0.22%° 58.76+1.59% 73.08+ 0.922°
Nanoliposome of ethyl acetate extract (100 mg/kg BW) 6.18+0.43%b¢ 72.11+0.552b¢ 74.31£0.59%P¢ 74.57+0.1720¢

Results are presented as the mean * standard deviation (SD) (n = 5).
2Significantly different from Na-CMC (P < 0.05)

®Significantly different from Glibenclamide (P < 0.05).

<Significantly different from extract (P < 0.05).

content met that the qualified water content was <10%.
The extract yield and water content were measured for
each solvent used and related to the purity and presence
of contaminants in the powder. Hence, reducing the water
content to a certain amount helps extend the durability of
the material during storage. In addition, excessive water
content in the extract will accelerate microbial growth.
It can also facilitate hydrolysis of the chemical content,
decreasing the quality of traditional medicines (34).
From the four extracts obtained in this study, the highest
yield was obtained from the ethanol extract, but the
highest decrease in the blood glucose levels of the rats
was obtained from the ethyl acetate extract. The high
reduction in blood glucose levels in diabetic rats tested
on ethyl acetate extract of S. xanthocarpum fruit was due
to the flavonoid content, which was higher than that of
the n-hexane, ethanol, and water extracts (11). Flavonoids
have antioxidant activity, so they can regenerate the
pancreas cells damaged by the formation of reactive
oxygen, which can cause diabetes mellitus (10). Some
tannins and saponins act as inhibitors of a-glucosidase
in ethyl acetate, which is beneficial because it can delay
glucose absorption after a meal, preventing postprandial
hyperglycemia conditions (35).

The preparation of nanoliposomes containing the ethyl
acetate extract of S. xanthocarpum fruit required Lipoid
S75 and Lipoid DMPG-Na that act as phospholipids,
components of nanoliposomes, cholesterol that interacts
with the phospholipids to reduce porosity or leakage
in the nanoliposome membrane, and Span 60, which
increases the flexibility of the nanoliposome preparation
(36). The thin-layer hydration method of the dry lipid
phase can also increase the encapsulation efficiency of the
liposomes in the form of MLVs (19). However, MLV can
have poor size homogeneity, so PS reduction is needed
to homogenize them. Hence, PS needs to be considered
when making liposomes.

One method of reducing PS is ultrasonication (22). The
longer the ultrasonication duration, the more energy
the particles receive, the more evenly distributed they
are within the solution, and the resulting PSs will be
more homogeneous (20). Ultrasonic vibrations during
the sonication process lead to collisions between
nanoliposome particles and shatter large liposomes into

smaller ones. PS is a physical property parameter that
must be considered when making nanoliposomes (37).
Longer sonication times can reduce PS by destroying
the membrane and causing the PS to become smaller,
as occurred in formulations F1 and F2. However, F3,
sonicated for 30 minutes, had a larger PS. This was caused
by the longer ultrasonication duration, which caused the
PS to become too small. In response, the nanoliposome
particles agglomerated and increased the PS (24).

In this research, cholesterol was added to the
nanoliposomes. The stability of a given liposome
can be significantly influenced by physicochemical
characteristics, including bilayer membrane composition,
size, stiffness, and charge (38). Another critical factor
influencing liposome stability is lipid composition (39).
Cholesterol is an organic sterol molecule with amphiphilic
properties. Structurally, this molecule has a hydroxyl
group that can form hydrogen bonds with phospholipids.
Various essential roles have been attributed to cholesterol,
including regulating membrane permeability, elasticity,
stiffness, and strength. Cholesterol is the most widely
sterol used in liposome formulations, which can prevent
liposome aggregation and increase liposome membrane
stability (40-41).

All of the nanoliposomes in this study were more
stable during storage at low temperatures than at room
temperature. The increase in PS was greater at room
temperature (25 £ 2 °C) than at low temperature (4 +
2 °C) because physical processes, such as aggregation
or flocculation, affect PS. Aggregation can accelerate
coalescence or fusion, where new colloidal structures
will be formed. Coalescence or fusion can be caused
by Brownian motion, which causes intense collisions
between particles; the new colloid that is formed will be
challenging to redistribute (42).

All nanoliposome formulations in this study met the ZP
value requirements and had good stability (43). The ZP
can indicate the stability of colloidal dispersion systems
during storage, specifically the possibility of aggregate
formation in charged particles. The ZP values are generally
used to determine the particle charge and nanoparticle
stability (43); all formulations had good ZP values (22 to
—-53 mV). Particles with ZPs greater than +25 mV or more
negative than —25 mV are considered stable (44).
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All formulations met the PDI value requirement for
PS distribution. A PDI value less than 0.3 is considered
acceptable and indicates the uniform size of the
phospholipid vesicle population (45). A PDI value near
zero suggests a uniform distribution of particles, whereas
a PDI value of more than 0.5 indicates that the particles are
very heterogeneous (46). A PDI value of 0.3-0.5 suggests
a homogeneous population of phospholipid vesicles (34).
The tendency of the particles to agglomerate to create
larger particle aggregates might cause non-uniform PS.
The PDI is affected by sonication duration, as ultrasonic
waves can shatter large liposomes into smaller particles,
rendering the size distribution homogeneous. Increasing
sonication time still showed an acceptable PDI value (47).
The pH indicates the stability of the nanoliposome. A
decrease in pH during storage is caused by chemical
reactions such as fat oxidation (48). All the nanoliposome
formulations in this study experienced changes in pH when
they were stored for 12 weeks at both room temperature
(25 + 2 °C) and low temperature (4 * 2 °C) but still met the
pH requirements for oral dosage, 4.5-5.5. When stored at
low temperatures, the pH decreased slightly compared to
room temperature (49).

Nanoliposome formula F3 showed the highest viscosity,
this is due to the higher lipid component content. The
viscosity value increased slightly after 12 weeks of storage
at room temperature and low temperature.

Formulation F2 (50 mmol) had the highest entrapment
efficiency. Entrapment efficiency was influenced by
adding cholesterol to the nanoliposome preparation.
Cholesterol in the nanoliposome formulation can reduce
porosity or leakage through the bilayer membrane. Too
much cholesterol will cause the liposome vesicles to be
too stiff; too little can cause leakage in the nanoliposome
preparation because the liposomes will be too elastic and
trap too little quercetin in the extract (18). The amount
of cholesterol in F2 (50 mmol) is the optimum amount
to produce a high entrapment efficiency. The sonication
time affected entrapment efficiency. The longer the
sonication time, the smaller the PS, the larger the surface
area, and the more dispersed the drug, increasing the drug
entrapment (50).

The rat group given nanoliposomes containing ethyl
acetate extract of S. xanthocarpum showed a higher
reduction in blood sugar levels compared to other groups
of rats; this was because the nanoliposome preparation
had a smaller PS, which increased the solubility of the
active ingredient, quercetin. Quercetin has low solubility,
resulting in limited effects on bioavailability and
absorption processes. Thus, nanoliposome preparations
increase the solubility of quercetin, thereby increasing
bioavailability and enhancing absorption and antidiabetic
effectiveness (51).

Conclusion
Formula F2 of nanoliposomes containing an ethyl acetate

Solanum xanthocarpum extract nanoliposomes

extract of S. xanthocarpum fruit were stable at low
temperatures (4 £ 2 °C) and unstable at room temperature
(25 £ 2 °C) for 12 weeks of storage the antidiabetic
activity was greater than the ethyl acetate extract of S.
xanthocarpum fruit. However clinical and toxicological
studies are needed to confirm this.
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