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This study aimed to develop and characterize a nanophytosome
system containing combined extracts of bay leaf (Syzygium
polyanthum) and binahong leaf (Anredera cordifolia), and to
evaluate its wound healing activity through in vivo study. The
extracts were prepared by maceration using 96% ethanol and
characterized through phytochemical screening and LC-MS/MS
analysis. Nanophytosomes were formulated using phospholipid
complexes with variations of surfactants, followed by
homogenization and sonication. The formulations were evaluated
for particle size, polydispersity index, zeta potential, and
entrapment efficiency. The results showed that particle size ranged
from 16.30 to 927.18 nm, with the smallest size observed in Tween
80-based formulation. The polydispersity index ranged from 0.20 to
0.86, indicating better homogeneity in Tween 80 systems. Zeta
potential values were in the range of -6 to —17 mV, suggesting
moderate stability. Entrapment efficiency was high in all
formulations (92.5-97.3%), with the highest value observed in
Cremophor-based formulation. In vivo evaluation demonstrated
that the nanophytosome significantly accelerated wound healing
compared to control groups, as indicated by faster wound
contraction and improved tissue regeneration. In conclusion, the
nanophytosome system enhanced the physicochemical properties
and delivery of bioactive compounds, showing potential as an
effective therapeutic approach for wound healing.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disease characterized by hyperglycemia resulting
from impaired insulin secretion, insulin action, or a combination of both. Persistent hyperglycemia
can lead to damage in various organs, including the kidneys, nerves, blood vessels, and heart (H.
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Sun et al., 2022). Globally, the prevalence of diabetes continues to rise and has become a major
health concern with significant impacts on patients' quality of life(IDF, 2025).

One of the serious complications of diabetes mellitus is diabetic foot ulcer (DFU), a chronic
wound in the lower extremities caused by peripheral neuropathy, vascular disorders, and
infection. The wound healing process in this condition tends to be prolonged due to impaired
tissue perfusion, increased oxidative stress, and a sustained inflammatory response (Armstrong et
al., 2023). Therefore, therapeutic approaches are needed that not only reduce blood glucose levels
but also accelerate wound healing.

The use of natural products as alternative therapies has gained increasing attention due to
their bioactive compounds with potential antioxidant and anti-inflammatory properties. Bay leaves
(Syzygium polyanthum) are known to contain major flavonoids such as quercetin, which exhibits
strong antioxidant activity and plays a role in reducing oxidative stress and improving insulin
sensitivity (Alwie et al.,, 2021). Quercetin has also been reported to accelerate wound healing
through modulation of inflammatory responses and enhancement of cell proliferation (Firdaus et
al., 2022).

Despite their significant therapeutic potential, the application of quercetin and kaempferol
is still limited by major challenges such as poor solubility, limited stability, and low bioavailability.
Therefore, an effective drug delivery system is required to enhance the stability and bioavailability
of these compounds.

Nanotechnology in the pharmaceutical field has been developed as an advanced drug
delivery approach, as nanoscale particles can increase surface area, enhance solubility, improve
penetration ability, and protect active compounds from degradation (Jafar et al., 2022). One of the
emerging approaches is the use of nanophytosome systems. Nanophytosomes are drug delivery
systems based on complexes between phytochemical compounds and phospholipids, forming
structures similar to cell membranes, thus improving compatibility with biological systems. Unlike
conventional nanoparticles, nanophytosomes can directly bind to active compounds through
hydrophobic interactions and hydrogen bonding, which enhances stability and protects the
compounds from degradation(Kumar et al., 2020).

Furthermore, the nanoscale size of nanophytosomes offers advantages such as increased
surface area and diffusion efficiency, which enhances penetration through biological membranes,
including the skin. This system can also improve the permeability of active compounds by
facilitating their transport through lipid bilayers, significantly increasing the bioavailability of
compounds such as quercetin and kaempferol (Kumar et al., 2020).

Another advantage of nanophytosomes is their ability to provide controlled and sustained
drug release, allowing drug concentrations to be maintained within the therapeutic range for a
longer period. This is particularly important in the healing process of diabetic wounds, which
requires continuous exposure to active compounds to overcome oxidative stress and chronic
inflammation (Cheng et al., 2023). In addition, nanophytosome systems have been shown to
enhance the chemical stability of flavonoid compounds against environmental factors such as pH,
light, and oxidation, which are the main causes of active compound degradation (Yusuf et al.,
2023).

RESEARCH METHOD

Instrument

The instruments used in this study included an analytical balance (Ohaus), a magnetic
stirrer (IKA), a reflux apparatus set, a desiccator, a probe sonicator (Sonics Vibra Cell), and a
particle size analyzer based on dynamic light scattering (Malvern Zetasizer) for measuring particle
size, polydispersity index, and zeta potential. A Transmission Electron Microscope (TEM) (JEOL)
was used to observe nanoparticle morphology. All instruments were calibrated prior to use to
ensure accuracy and reliability of the measurements.
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Material

The materials used in this study included thick extracts of bay leaves (Syzygium
polyanthum) and binahong leaves (Anredera cordifolia) as active ingredients, phospholipids such
as Phospholipon 90G, surfactants including Cremophor RH 40 and Tween 80, and 96% ethanol as
the solvent. Additional materials for in vivo testing included rats, Sanoskin gel as a comparator,
and alloxan monohydrate as a diabetes inducer. All materials were of pharmaceutical or pro-
analysis grade and were obtained from reliable chemical suppliers.

Research Procedures

a. Preparation of Plant Raw Materials, binahong leaves were washed with running water and
dried in an oven at 50°C for 72 hours. The dried samples were then ground into a
homogeneous simplicia powder and stored in a closed container protected from light and
moisture. Extraction was carried out using the maceration method with 96% ethanol at a ratio
of 1:10 (w/v) for 3 days with occasional stirring. The filtrate was filtered using Whatman No. 1
filter paper and the process was repeated three times. The combined filtrates were then
evaporated using a rotary evaporator to obtain a thick extract (Raaf et al., 2024).

b. Formulation of Nanophytosome Combination Extract, nanophytosomes of the combined
binahong and bay leaf extracts were prepared using the reflux method. Initially, the thick
binahong extract and surfactants were dissolved in 96% ethanol, while the phospholipids
were dissolved in hot water. All solutions were mixed in a beaker and stirred until
homogeneous. The mixture was then transferred into a round-bottom flask and refluxed at
50°C for 1 hour. Afterwards, the solution was placed in a desiccator for 1 hour to remove
residual solvent. The mixture was then hydrated using a magnetic stirrer at 750 rpm and 50°C
for 30 minutes. Finally, particle size reduction was performed using ultrasonication for 30
minutes until a clear and stable nanophytosome system was formed (Jafar et al., 2022).

c. Characterization of Nanophytosome Combination Extract, characterization of
nanophytosomes included measurement of particle size, polydispersity index (PDI), zeta
potential, entrapment efficiency (%EE), and particle morphology. Particle size and PDI were
analyzed using a Malvern ZSP Zetasizer at 25°C after diluting the sample to 10 mL, where a
particle size of <1000 nm indicates a good nanoparticle system and a PDI value <0.5 indicates
a homogeneous size distribution. Zeta potential was measured using the same instrument
with an electrode cuvette to evaluate system stability, where values greater than +30 mV or
less than -30 mV indicate good stability. Entrapment efficiency (%EE) was determined using a
centrifugation method at 12,000 rpm for 60 minutes, followed by analysis of free compounds
in the supernatant using a UV-Vis spectrophotometer, calculated based on the ratio of total
active compound to free active compound. Particle morphology was observed using TEM
after sample dispersion, placement on a grid, staining with uranyl acetate, and drying prior to
observation (Jafar et al., 2022).

d. In Vivo Test of Diabetic Wound Healing Activity in Mice, the experimental animals used were
rats that had received ethical approval prior to the study. The rats were acclimatized for
approximately 7 days at a temperature of around 24°C with ad libitum access to food and
water, followed by initial body weight measurement (Anjani et al.,, 2021). The animals were
divided into five groups: normal group (wound without induction and treatment), negative
control (diabetic wound without treatment), positive control (diabetic wound treated with
Sanoskin), and treatment groups receiving nanophytosome combination extract and crude
combination extract. Diabetes was induced by intraperitoneal injection of alloxan until blood
glucose levels exceeded 200 mg/dL. Subsequently, a linear incision wound (+3 cm depth) was
made on the dorsal area using sterile instruments. The wound was cleaned with 70% ethanol
and treated according to group allocation daily for 14-21 days. Wound healing was observed
ondays 1, 3, 5, 7, and 14 using a digital caliper (Panigrahi et al., 2025).
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RESULTS AND DISCUSSIONS

Preparation of Plant Raw Materials

The extraction process of binahong leaf (Anredera cordifolia) and bay leaf (Syzygium
polyanthum) simplicia was carried out using the maceration method with 96% ethanol as the
solvent. After the extraction and concentration processes, yield calculations were performed to
determine the efficiency of compound extraction from each material. The yield value was
calculated based on the ratio of the obtained thick extract weight to the initial weight of the
simplicia. The results of the extract yield calculation are presented in Table 1.

Table 1. Extraction yield of bay leaf and binahong leaf extracts

Extraction Plant Sample Extract Extraction
Method Material Weight (g)  Weight (g) Yield (%)
Maceration Binahong 500 72,2616 14.4
leaf
Maceration Bay leaf 500 61.3750 1227

Based on Table 1, the yield of binahong leaf extract (Anredera cordifolia) (14.4%) was
higher than that of bay leaf (Syzygium polyanthum) (12.27%), indicating differences in extraction
efficiency due to the characteristics of the raw materials. The higher yield in binahong is apparently
associated with the presence of secondary metabolites that are more readily soluble in ethanol,
such as flavonoids and polyphenols, as well as tissue structures that facilitate solvent penetration.
These compounds are known to play a role in the wound healing process through their
antioxidant, anti-inflammatory, and tissue regeneration-stimulating activities (Cedillo-Cortezano et
al., 2024). Although the yield of bay leaf extract was lower, both extracts still have potential as
sources of bioactive compounds, considering that extraction efficiency is also influenced by the
nature of the material and the maceration conditions (Vitale et al., 2022).

Table 2. Phytochemical screening of bay leaf and binahong leaf extracts

Phytochemical Compound Test Method Bay Leaf Result BinahongLeaf
Result
M + +
Alkaloids e ® ®
Dragendorff (+) (+)
Flavonoids Mg + HC1 ) )
Quinones NaOH ) )
i FeCls ) )
Tannins .
Gelatin ) )
Saponins Foam test ) )
Liebermann-Burchard
Steroids/ Triterpenoids () ()

The phytochemical screening results (Table 2) showed that both extracts contained
alkaloids, flavonoids, quinones, tannins, and saponins, while steroids/triterpenoids were not
detected. The presence of these secondary metabolites indicates potential biological activities that
contribute to the wound healing process. Flavonoids are known for their antioxidant activity,
which can reduce oxidative stress and help regulate inflammation, thus accelerating the
proliferation and epithelialization phases. In addition, tannins act as astringents that can promote
wound contraction and new tissue formation, while saponins are known to stimulate collagen
synthesis and angiogenesis (Cedillo-Cortezano et al., 2024).

LC-MS/MS (Liquid Chromatography-Tandem Mass Spectrometry) analysis was used to
identify the metabolite profile of plant extracts qualitatively and semi-quantitatively. This
technique combines compound separation based on retention time through liquid chromatography
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with molecular mass detection using mass spectrometry, providing more specific information
regarding the chemical composition of the sample. Through this method, the presence of various
bioactive compounds in the extract can be detected with higher sensitivity and accuracy (Yan et al.,
2022).

e R e e e (b)n
Figure 1. LC-MS chromatograms of plant extracts: (a) bay leaf (syzygium polyanthum) and (b) binahong
leaf (anredera cordifolia)

Based on the chromatograms in Figure 1, the extracts of bay leaf (Syzygium polyanthum)
and binahong leaf (Anredera cordifolia) exhibited complex compound profiles, as indicated by the
presence of multiple peaks at various retention times. The chromatogram of bay leaf (Figure 1a)
showed a more widely distributed peak pattern with varying intensities, whereas binahong leaf
(Figure 1b) displayed several dominant peaks with higher intensities, suggesting the presence of
major compounds in greater quantities. This variation in profiles reflects differences in the
composition of secondary metabolites in both extracts, which are known to contribute to biological
activities, particularly as antioxidants and anti-inflammatory agents in the wound healing process
through the regulation of oxidative stress and stimulation of tissue regeneration (Cedillo-
Cortezano et al., 2024).

Formulations and Characterization of Nanophytosomes

In the formulation process, the reflux method is one of the commonly used techniques to
form nanophytosome complexes. This method involves heating a mixture of active compounds
and phospholipids at specific temperatures and durations to facilitate optimal molecular
interactions. In this study, ten nanophytosome formulations were prepared with varying
composition of phospholipids and surfactants to determine the most optimal formulation. Recent
studies have shown that parameters such as reflux temperature, heating time, and phospholipid
ratio significantly influence particle size, zeta potential, and entrapment efficiency of the resulting
nanophytosomes (Chaerunisaa et al., 2025).

Table 3. Characterization of nanophytosome (particle size, PD], zeta potential, and entrapment efficiency)

NANOPHYTOSOME FORMULA Z-Ave ZP %EE
Code SON BAY PL TWE CRE nm Pdl mV %EE
% % % % %
NFTC F1 0.095 0.095 4 - 13.5 55.01+£16.59 0.47+0.03 -17.03£2.79 97.3
NFTC F2 0.095 0.095 4.25 - 31.75 141.10+34.89 0.73+0.18 -6.49+3.13 94.7
NFTC F3 0.095 0.095 45 - 50 400.38+168.46 0.82+0.17 -9.47+2 51 94.2
NFTC F4 0.095 0.095 4.37 - 40.8 927.18+370.59 0.78+0.17 -14.26+1.92 94.8
NFTC F5 0.095 0.095 412 - 22.26 229.98+83.26 0.86+0.07 -13.50+1.86 95
NFTT F6 0.095 0.095 4 13.5 - 16.30+0.79 0.20+0.02 -11.48+4.62 97.2
NFTT F7 0.095 0.095 4.25 31.75 - 31.90+1.04 0.2610.07 -15.29+0.82 94.1
NFTT F8 0.095 0.095 45 50 - 33.39+4.87 0.25+0.03 -14.29+1.38 94.8
NFTT F9 0.095 0.095 4.37 40.8 - 159.08+113.21 0.3610.01 -13.89+2.11 95
NFTT F10 0.095 0.095 412 22.26 - 46.93 +0.43 0.394£0.15 -15.95+2.16 95.2

Information:
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NFTC: Nanophytosome Chremophore®, NFTT: Nanophytosome Tween 80®, BIN: Binahong, PL:
Phospolipon, TWE: Tween 80®, CRE: Chremophore®, PdI: Polydispersity Index, ZP: Zeta Potential

The characterization results in Table 3 indicate that variations in surfactant type and
phospholipid concentration significantly affect particle size, polydispersity index (PDI), zeta
potential, and entrapment efficiency (EE%) of the nanophytosomes. In formulations using
Cremophor (NFTKC F1-F5), particle size increased from 55.01 nm (F1) to 927.18 nm (F4), which is
likely due to particle aggregation at higher concentrations (Dwivedi et al., 2022). In contrast, the
use of Tween 80 (NFTKT F6-F10) produced smaller particle sizes, with the smallest observed in F6
(16.30 nm), indicating better system stabilization (Khan et al., 2015).

The PDI values for Tween 80 formulations (0.20-0.26) indicate a more homogeneous
particle size distribution compared to Cremophor formulations (up to 0.86). Meanwhile, the zeta
potential of all formulations ranges from —6 to —17 mV, suggests moderate stability, which is still
supported by the steric stabilization provided by non-ionic surfactants (Teli et al., 2024).

The EE% parameter showed that all formulations had high entrapment efficiency, ranging
from 92.5% to 97.3%. The highest value was observed in NFTKC F1 (97.3%), while the lowest was
found in NFTKT F8 (92.5%). The high EE% indicates that the nanophytosome system is capable of
efficiently encapsulating active compounds through interactions between the polar groups of the
compounds and phospholipids. Additionally, increasing phospholipid concentration tends to
increase entrapment capacity, although under certain conditions it may also lead to increased
particle size. This suggests a relationship between formulation composition and the encapsulation
capability of the system (Dwivedi et al., 2025).

Overall, formulations using Tween 80, particularly NFTKT F6, demonstrated the most
optimal characteristics based on small particle size and low PDI, while Cremophor-based
formulations such as NFTKC F1 exhibited the highest EE%. Therefore, the selection of the optimal
formulation should consider a balance between particle size, homogeneity, and entrapment
efficiency.

Furthermore, particle morphology was evaluated using Transmission Electron Microscopy
(TEM). The observations showed that the nanophytosome particles had a spherical shape with a
relatively uniform size distribution. This spherical morphology is a common characteristic of
vesicular systems such as phytosomes, formed through interactions between phospholipids and
active compounds during the reflux process (Jafar, Putriyanti, et al, 2025). The resulting
nanophytosome morphology indicates that the complex formation process occurred effectively,
supporting system stability and enhancing the delivery efficiency of active compounds (Khan et
al.,, 2015). The morphology of the nanophytosome particles is presented in Figure 2.

@) (b)
Figure 2. Morphology ofNanophytosomedroplets observed by Transmission Electron Microscopy (TEM): (a)
blank nanoemulsion and (b) nanoemulsion containing combined extracts of bay leaf and binahong leaf

In Vivo Test of Diabetic Wound Healing Activity in Mice
Based on macroscopic observations of wounds in the in vivo Diabetic Foot Ulcer (DFU)
model, significant differences in the speed and quality of wound healing between treatment
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groups were observed during the observation period (day 1 to day 14). Observed parameters
included wound contraction, granulation tissue formation, and the epithelialization process.

Table 4. Macroscopic observation of wound healing progression in diabetic foot ulcer (DFU)
rat model across treatment groups

Information:
Group 1: Normal Control, Group 2: Negative Control, Group 3: Positive Control (Sanoskin Gel), Group 4:
Nanophytosome Treatment, Group 5: Extract Treatment

In the normal group, wounds showed a progressive healing process, characterized by a
narrowing of the wound size from day 3 (T3) and almost complete closure by day 14 (T14). This
reflects the optimal progress of wound healing, which includes the hemostasis, inflammation,
proliferation, and remodeling phases. This process involves complex interactions between
fibroblasts, keratinocytes, and endothelial cells in the formation of new tissue and angiogenesis (Li
et al., 2024).

In contrast, in the diabetes group without therapy, the wound healing process was slower,
characterized by wounds that remained open until day 14. This condition is related to impaired
wound healing in diabetes caused by chronic hyperglycemia, prolonged inflammation, and
increased oxidative stress. Furthermore, dysfunctional angiogenesis and decreased cell
proliferation also slow the re-epithelialization process and new tissue formation (Emad et al., 2024;
Shi et al., 2024).

In the positive control group (Sanoskin), an increase in wound healing rate was observed
compared to the untreated diabetic group. Wounds contracted more quickly and showed better
tissue repair at the end of the observation period. This indicates that topical therapy can create an
optimal wound environment, such as maintaining wound moisture and supporting cell migration,
which are important factors in chronic wound healing (X. Sun et al., 2024).

In the nanophytosome (NFT) group, results showed a more significant acceleration in
wound healing compared to the conventional extract group. Wounds contracted faster and showed
better epithelialization on day 14. This effectiveness may be attributed to the use of a
nanotechnology-based delivery system that can improve penetration, stability, and bioavailability
of the active compound. The nanovesicle system is known to accelerate diabetic wound healing by
increasing angiogenesis, reducing inflammation, and stimulating skin cell proliferation (Shi et al.,
2024; X. Sun et al., 2024).

Arip Saifurrohman, Nanophytosome delivery system and in vivo test of combination of binahong leaf extract
(Andredera cordifolia) and bay leaf (Syzygium polyanthum) as a diabetic wound healer



150 7 ISSN 2086-7689 (Print) | 2721-9453 (Online)

Additionally, lipid-based systems such as nanophytosomes have a high affinity for
biological membranes, thereby enhancing the delivery of phytochemical compounds to target
tissues. This contributes to increased collagen synthesis and accelerated re-epithelialization, which
are important factors in wound tissue repair (Chettupalli et al., 2025).

Meanwhile, the binahong (Anredera cordifolia) and bay leaf (Syzygium polyanthum)
extract groups showed better wound healing activity compared to the untreated diabetes group,
although not as optimal as the nanophytosome group. This effect likely stems from the presence of
bioactive compounds such as flavonoids and polyphenols, which have antioxidant and anti-
inflammatory activity. These compounds are known to reduce oxidative stress, increase fibroblast
proliferation, and accelerate granulation tissue formation (Emad et al., 2024; Nastiti et al., 2024).

Overall, the results of this study indicate that diabetes significantly inhibits the wound
healing process. However, therapy, whether in the form of a positive control, herbal extract, or
nanotechnology-based delivery system, can accelerate wound healing. Among all treatments, the
nanophytosome system demonstrated the greatest potential, likely due to increased penetration
and effectiveness of the active compounds in wound tissue.

CONCLUSION

A nanophytosome system containing a combination of bay leaf (Syzygium polyanthum) and
binahong leaf (Anredera cordifolia) extracts was successfully formulated and has good
characteristics such as particle size, Pdl, Zeta Potential and % EE and has a spherical shape. In
addition, the results of in vivo tests showed that nanophytosomes were able to accelerate the
wound healing process compared to the control group. Thus, the nanophytosome system has the
potential to be developed as an effective drug delivery system for natural-based wound healing
therapy.
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