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The present study aims to develop and characterize a Self-Nanoemulsifying Drug 

Delivery System (SNEDDS) formulation containing a combination of Swietenia 

mahagoni Jacq. (mahogany) seed extract and Peperomia pellucida L. (pepper elder) leaf 

extract as a potential antidiabetic therapy. Physicochemical characterization 

demonstrated that the best SNEDDS possessed a homogeneous globule size distribution 

(11.29 ± 0.88 nm), a zeta potential of –10.33 mV, and a polydispersity index (PDI) value 

of 0.35  0.29, indicating excellent stability and uniformity of the nanoemulsion system. 

Gas Chromatography–Mass Spectrometry (GC–MS) analysis identified four major fatty 

acid methyl esters, namely methyl oleate (61.17%), methyl palmitate (8.07%), methyl 

stearate (6.20%), and methyl linoleate (6.48%), demonstrating that the oil phase was rich 

in monounsaturated fatty acids (MUFA), particularly oleic acid. These bioactive lipids 

contribute to enhanced insulin sensitivity and reduced inflammation, supporting the 

antidiabetic mechanism of the formulation. In vivo studies in diabetic rats showed that 

SNEDDS formulation significantly reduced blood glucose levels, with the highest 

reduction observed in the SMSC1A (FB 1:1) group, showing a glucose-lowering effect 

of up to approximately 82% compared to post-induction levels. Molecular docking 

analysis using the free fatty acid form (9-octadecenoic acid) against protein tyrosine 

phosphatase 1B (PTP1B) provided supportive mechanistic insight into the potential role 

of unsaturated fatty acids in modulating insulin signaling. Overall, the results indicate 

that the developed SNEDDS enhances the delivery of bioactive phytoconstituents and 

exhibits promising antidiabetic potential.  
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1. INTRODUCTION

The utilization of herbal plants as sources of natural 

therapeutics continues to be widely accepted, as they are 

generally associated with fewer adverse effects compared to 

synthetic pharmaceuticals. Herbal-based treatments are 

predominantly formulated in oral dosage forms due to their 

favorable safety profile, ease of administration, and cost-

effectiveness [1]. However, low solubility and poor oral 

bioavailability reduce the effectiveness of the drugs in the 

body. Therefore, it is necessary to develop nanoemulsion drug 

formulations that can increase the bioavailability and 

solubility of drugs from herbal plant extracts. One such system 

is the Nanoemulsion Drug Delivery System (NEDDS) [2]. 

This technological utilization system utilizes nanotechnology, 

which provides a synergistic platform for developing potent 

antibacterial agents with enhanced therapeutic performance 

[3]. 

NEDDS represents a lipid-based delivery system designed 

to improve the solubility and bioavailability of hydrophobic 

pharmaceuticals and bioactive food constituents. This system 

comprises an isotropic blend of oils, surfactants, cosurfactants, 

and bioactive compounds that, upon dispersion in an aqueous 

medium, can spontaneously generate oil-in-water 

nanoemulsions within the gastrointestinal tract, producing 

droplets on the nanometer scale [4]. NEDDS have many 

advantages, including maximizing drug absorption and 

transport, modulating drug biodistribution and disposition, and 

delivering drugs to targets, thereby reducing side effects. 

Compared to other nanoemulsion systems, NEDDS 

formulations tend to be more physically and chemically stable 

for long-term storage [5]. This study used Box Behnken 

Design to optimize NEDDS from mahogany seed extract using 

Design Expert 8.0.5 (State-Ease Inc., Minneapolis, USA) 

computer programming. 

It has been previously observed that Self-Nanoemulsifying 

Drug Delivery System (SNEDDS) from various plant extracts 

have antidiabetic properties. Biochemical, hematological, and 

histological evaluations in streptozotocin-induced diabetic rats 

indicate that the SNEDDS formulation derived from ripe 

Momordica charantia fruit, with a particle size of 31.89 nm, 

exhibits substantial potential as an antidiabetic agent [6]. 
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Additionally, when curcumin extract is added to the SNEDDS 

recipe, the therapeutic effect on diabetes mellitus is improved 

[7]. It demonstrates that adding two different kinds of plant 

extracts to the SNEDDS mix can increase its antidiabetic 

effectiveness. 

In Indonesia, Swietenia mahagoni (mahogany) seeds are 

widely used in traditional medicine for hypertension, diabetes, 

malaria, and wound healing. Furthermore, the seeds have 

therapeutic effects due to the presence of biologically active 

compounds, such as fatty acids and tetranortriterpenoids. 

Mahogany seeds have antimicrobial, anti-inflammatory, 

hepatoprotective, antidiarrheal, antiulcer, depressant, 

anticonvulsant, and neuropharmacological activities, as well 

as antidiabetic, anti-HIV, immunomodulatory, antifungal, 

antioxidant, analgesic, platelet aggregation inhibitor, 

antimutagenic, and anticancer properties [8]. Mahogany seed 

oil extract is excellent for developing nanoemulsions. 

Peperomia pellucida L. Kunth (Familia Piperaceae) is a 

traditional medicinal plant used to treat various types of 

diseases. This plant promises to be a potential source of new 

drugs for various diseases, having anti-inflammatory, 

antimicrobial, antioxidant, anticancer, and antidiabetic 

activities.  

Therefore, the development of lipid-based nanoemulsion 

systems such as SNEDDS represents a promising strategy to 

enhance the oral delivery and therapeutic performance of 

plant-derived bioactive compounds. The selection of 

Swietenia mahagoni and Peperomia pellucida for combination 

in an SNEDDS formulation was based on their complementary 

traditional usage and phytochemical characteristics, rather 

than on previously established pharmacological synergy. 

Swietenia mahagoni seeds have been extensively used in 

traditional medicine for the management of diabetes mellitus 

and are known to contain lipophilic bioactive compounds, 

including fatty acids and limonoids, which exhibit 

antidiabetic, anti-inflammatory, and insulin-sensitizing 

activities [8, 9]. These lipophilic constituents are particularly 

suitable for incorporation into lipid-based delivery systems 

such as SNEDDS, which are designed to enhance the 

solubility and oral bioavailability of poorly water-soluble 

compounds [4, 5]. 

In contrast, Peperomia pellucida leaves are traditionally 

used to treat metabolic and inflammatory disorders and have 

been reported to contain polar and semi-polar phytochemicals, 

such as flavonoids, phenolics, alkaloids, and amide 

compounds, which contribute to antidiabetic and antioxidant 

activities through mechanisms distinct from lipid-based 

constituents [10, 11]. The combination of these two plant 

extracts was therefore hypothesized to provide a broader 

spectrum of antidiabetic bioactivity by integrating lipophilic 

and more polar phytoconstituents within a single SNEDDS 

platform. 

This formulation strategy was intended to enhance the 

delivery and biological performance of diverse 

phytochemicals rather than to assert a confirmed synergistic 

pharmacological effect. The potential synergistic or additive 

interactions between the extracts remain an important subject 

for future investigation. To the best of the authors' knowledge, 

no prior research has examined the use of extracts from 

mahogany seeds and Peperomia pellucida L. leaves in 

SNEDDS antidiabetic medication compositions. In order to 

produce a supply of raw materials to combat diabetes in the 

form of SNEDDS, this study synthesized a blend of Swietenia 

mahagoni seed extract and Peperomia pellucida L. leaf 

extract.  

 

 

2. MATERIALS AND METHOD 

 

2.1 Materials 

 

The materials employed in this study included mahogany 

seeds, pepper elder, ethyl acetate, 96% ethanol, Tween 80, 

PEG 400, aquabidest, distilled water, filter paper, alloxan, 

glibenclamide, aluminum foil, male Mus musculus mice, Na-

CMC, a 5% glucose solution, and glucose test strips. 

 

2.2 Sample preparation and extraction of mahogany seeds 

 

In this research, two types of plants, namely mahogany 

seeds and pepper elder, were studied. Sample preparation and 

extraction were carried out as follows: Mahogany seed 

samples were separated from the seed coat and cleaned, then 

cut into pieces and dried. After drying, the mahogany seed 

samples were ground. The illustration of sample preparation is 

shown in Figure 1.  

Extraction was performed using the Soxhlet technique with 

ethyl acetate as the solvent. A 5-g portion of mahogany seed 

powder was loaded into a 25 mm × 100 mm thimble chamber, 

and 150 mL of ethyl acetate was placed in the flask. The 

extraction proceeded for 6 hours at 65℃, after which the 

filtrate was concentrated using a rotary evaporator to obtain a 

viscous extract, which was subsequently stored until further 

use. Pepper elder leaves were washed, dried, and then 

pulverized. A total of 150 g of the resulting leaf powder was 

macerated with 482 mL of 70% ethanol for 24 hours, 

combining the extract from three successive maceration 

cycles. 

Next, the filtrate was evaporated using a rotary evaporator 

to obtain a thick extract and stored until used. Peperomia 

pellucida L. leaves were cleaned and dried, then ground. 

Peperomia pellucida L. leaves that had been ground in powder 

form were weighed at 150 g, then macerated with 482 mL of 

70% ethanol for 24 hours (combined from 3× extractions). 

Next, the filtrate was evaporated using a rotary evaporator. 

The results of the evaporated extract obtained a thick extract 

and stored until used for further analysis. The illustration of 

the extraction process is shown in Figure 2. 

 

 
 

Figure 1. The illustration of sample preparation 
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Figure 2. The illustration extraction process of (a) mahogany seeds, (b) pepper elder leaves 

 

2.2 Formulation screening of SNEDDS  

 

The SNEDDS preconcentrate of Swietenia mahagoni seed 

extract was prepared by combining the extract with Tween 80 

as the surfactant and PEG 400 as the co-surfactant at a fixed 

weight ratio of 1:7:1, respectively. The components were 

mixed thoroughly until a clear and homogeneous isotropic 

system was obtained. Subsequently, the mahogany SNEDDS 

preconcentrate was combined with Peperomia pellucida leaf 

SNEDDS at a fixed volume of 1 mL and screened at three 

different volume ratios, namely 1:1, 1:2, and 2:1 (mahogany 

SNEDDS: pepper elder SNEDDS). The resulting mixtures 

were gently vortexed to ensure homogeneity and visually 

observed for clarity and phase stability. Three different 

Peperomia pellucida SNEDDS formulations, containing 

extract concentrations of 75 mg/mL, 100 mg/mL, and 125 

mg/mL, were used during the screening process and were 

designated as FA, FB, and FC, respectively. The physical 

appearance of the screened formulations was documented as 

part of the preliminary evaluation.  

 

2.3 Determination of globule size and zeta potential 

 

The globule size and zeta potential were assessed by 

diluting the SNEDDS formulations of mahogany seed extract 

and pepper elder leaf extract with water at a 1:25 ratio under 

magnetic stirring until a nanoemulsion was obtained. The 

resulting nanoemulsion was transferred into a cuvette and 

analyzed using a Particle Size Analyzer (PSA). Particle size 

measurements were conducted using an electrophoretic light-

scattering instrument (Desa Nano C Particle Analyzer, 

Beckman Coulter). Additionally, a 1-g mixture of oil, 

surfactant, and cosurfactant was dispersed in 5 mL of 

deionized water prior to particle size analysis. 

 

2.4 Stability evaluation of SNEDDS 

 

The physical stability of the SNEDDS formulations was 

evaluated using a series of accelerated stress tests to assess 

their robustness under extreme temperature and mechanical 

conditions. These tests were designed to identify potential 

physical instability, such as phase separation, creaming, or 

precipitation, rather than to predict long-term storage stability. 

For thermal stress evaluation, SNEDDS samples were 

placed in sealed glass vials and subjected to elevated 

temperatures ranging from 60℃ to 100℃ for 5 h using a 

laboratory oven. This test was conducted to examine the 

tolerance of the formulations to severe thermal stress that may 

occur during processing, transportation, or storage under high-

temperature conditions, particularly in tropical environments. 

After heating, samples were allowed to equilibrate to room 

temperature and visually inspected for any signs of phase 

separation, turbidity, or precipitation. 

The freeze–thaw stability was assessed using a temperature 

cycling protocol between 4℃ and 40℃. Each cycle consisted 

of storage at 4℃ for 24 h followed by storage at 40℃ for 24 

h. A total of three cycles was performed for each formulation. 

This test was intended to simulate temperature fluctuations 

that may occur during refrigerated storage and exposure to 

elevated ambient temperatures. After completion of the cycles, 

the formulations were examined visually for changes in 

physical appearance, including phase separation or 

sedimentation.  

In addition, a centrifugation test was performed to evaluate 

the resistance of the SNEDDS formulations to gravitational 

stress. Approximately 2 mL of each formulation was placed in 

a centrifuge tube and centrifuged at 10,000 rpm for 30 min. 

The samples were then inspected for evidence of phase 

separation or instability. All stability evaluations were 

performed in triplicate. Formulations that remained visually 

homogeneous without phase separation or precipitation after 

the stress tests were considered physically stable under the 

applied accelerated conditions. 

 

2.5 Antidiabetic activity test 

 

Healthy male albino Wistar rats weighing 200–250 g were 

used in this study. The animals were obtained from an 

accredited animal facility and housed under standard 

laboratory conditions (temperature 22–25℃, relative humidity 

50–60%, and a 12 h light/dark cycle) with free access to 

standard pellet diet and water ad libitum. All animals were 

acclimatized for 7 days prior to experimentation. 

Diabetes mellitus was induced by a single intraperitoneal 
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injection of alloxan monohydrate (150 mg/kg body weight) 

dissolved in sterile normal saline. To prevent initial 

hypoglycemia, animals were provided with 5% glucose 

solution for 24 h following alloxan administration. Fasting 

blood glucose levels were measured 72 h post-induction, and 

animals with blood glucose levels exceeding 200 mg/dL were 

considered diabetic and included in the study. A total of 36 

diabetic rats were randomly divided into six groups (n = 3 per 

group) as follows: 

a. Group I (K⁺): Positive control, treated with 

glibenclamide (5 mg/kg BW) 

b. Group II (K⁻): Negative control, treated with Na-

CMC (0.5% w/v) 

c. Group III (SM): Treated with SNEDDS of Swietenia 

mahagoni seed extract 

d. Group IV (SSC): Treated with SNEDDS of 

Peperomia pellucida leaf extract 

e. Group V (SMSC1A): Treated with combined 

SNEDDS of S. mahagoni and P. pellucida (1:1 ratio) 

f. Group VI (SMSC1B / SMSC1C): Treated with other 

screened combined SNEDDS formulations as 

specified 

All SNEDDS formulations were administered orally via 

gastric gavage at an equivalent extract dose of 200 mg/kg body 

weight, once daily for 7 consecutive days. The dose was 

selected based on previous reports on the antidiabetic activity 

of herbal SNEDDS and preliminary screening data. Normal 

blood glucose levels were measured on the first day (D0). 

Blood was taken by incising the lateral tail vein of mice using 

a Glucometer (Nesco). 0.5 mL of blood was centrifuged for 15 

minutes (12,000 rpm). Samples, standards, and blanks were 

read using a UV-Vis Spectrophotometer. On the third day, 

fasting blood glucose levels (H3) were measured again to 

compare with H0. Each group of test animals received 

treatment for 7 days. 

All experimental procedures involving animals were 

conducted in accordance with internationally accepted 

guidelines for the care and use of laboratory animals and were 

approved by the Animal Ethics Commission Team of 

Hasanuddin University Animal Hospital (Approval No. 

0061/KKEH/RSHUH/EC/2025). 

 

2.6 Molecular docking study 

 

Protein and reference ligand preparation in YASARA 

software involves removing unwanted parts of the protein, 

ligand, and co-activator. This step typically includes deleting 

unnecessary components to clean the structure for further 

analysis, such as docking or molecular dynamics simulation. 

The preparation process ensures that the protein-ligand 

complex is ready for accurate and meaningful simulation or 

docking studies by removing extraneous molecules that might 

interfere with the results. YASARA also assigns protonation 

states, adds hydrogen atoms, and can optimize the system's 

geometry before running simulations or docking. This 

preparation is done at a typical physiological pH (around 7.4) 

to mimic biological conditions. Such careful preparation 

supports downstream computational tasks like docking, 

scoring, and RMSD calculation [9, 10]. 

Ligand preparation using MarvinSketch is performed by 

protonating the ligand at physiological pH 7.4 to adjust the 

ligand ionization state to match biological conditions. After 

protonation, the ligand is saved in .mrv file format. The next 

step is to perform a ligand conformation search using the 

"Conformers search" feature in MarvinSketch to obtain 

various possible ligand conformational structures. The 

resulting conformations are saved in .mol2 file format. Next, 

the ligand preparation results (.mol2 file) and protein (.mol2 

file after cleaning and preparation in YASARA) are used as 

input in the docking process using PLANTS software. In the 

docking process, PLANTS searches for the ligand pose or 

position in the protein's active site that yields the highest score, 

which is then estimated as the ligand's native position in the 

target protein structure [11-13]. 

 

 

3. RESULT AND DISCUSSION 

 

3.1 Sample extraction 

 

This stage uses samples of mahogany seeds; the results of 

the sample preparation show a brown powder, with a physical 

appearance as shown in Figure 3. 

 

 
 

Figure 3. The physical appearance of mahogany seed powder 

 

The mahogany seed preparation was extracted using the 

Soxhlet method using ethyl acetate as a solvent for 6 hours. 

The extraction process was carried out in 7 cycles. The 

resulting macerate is shown in Figure 4. The yield was 61%, 

calculated from the ratio of the extract weight to the dry weight 

of the medicinal plant. 

 

 
 

Figure 4. Mahogany seed macerate using ethyl acetate 

solvent 

 

3.2 Formulation of SNEDDS 

 

SNEDDS synthesis was carried out using the formula of 

Mahogany seed extract: surfactant (Tween80): cosurfactant 

(PEG400) with a ratio of 1:7:1. The resulting Mahogany seed 

SNEDDS was then added with 1 mL of pepper elder leaf 
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SNEDDS. The physical appearance of the Mahogany seed and 

pepper elder SNEDDS formula with a ratio of 1:1, 1:2, and 2:1 

is shown in Figure 5. Three variations of pepper elder leaf 

NEDDS were used in the study, namely pepper elder leaf 

NEDDS 75 mg/mL, 100 mg/mL, and 125 mg/mL, which were 

labeled as FA, FB, and FC, respectively. 

The results of the SNEDDS formulation of Mahogany seeds 

and pepper elder leaves were tested for pH measurement and 

emulsification speed, as shown in Table 1. The transmittance 

percentage produced in this study was similar to previous 

studies, which also used Mahogany seeds as raw material for 

making SNEEDS [14, 15]. 

 
 

Figure 5. The physical appearance of the SNEDDS formula 

from mahogany seeds and pepper elder leaves with various 

concentrations 

 

Table 1. The results of transmittance, pH, and emulsification rate tests of SNEDDS 

 
Sample Transmittance (%) pH Emulsification (seconds) 

Blanko akuabides 110.0% 7  

SNEED Mahoni 81.5% 4.75 22.47 

FA 1:1 89.0% 4.70 5.41 

FA 1:2 89.1% 4.70 5.36 

FA 2:1 89.1% 4.77 6.68 

FB 1:1 80.9% 4.89 7.58 

FB 1:2 89.4% 4.89 11.25 

FB 2:1 89.7% 4.85 8.29 

FC 1:1 86.9% 4.79 9.00 

FC 1:2 85.7% 4.82 7.09 

FC 2:1 87.9% 4.79 10.65 

3.3 Characterization of SNEDDS formula of mahogany 

seed and pepper elder 

 

Based on the functional group analysis using FTIR as 

shown in Figure 6, the spectrum of mahogany seed extract, the 

absorption band at 2924.09 cm⁻¹ indicates the presence of –

CH stretching vibrations, while the band at 2854.65 cm⁻¹ 

corresponds to –CH2 groups [16]. The absorption observed at 

1373.32 cm⁻¹ is attributed to the –CH3 group [8]. Furthermore, 

the absorption peak at 1712.79 cm⁻¹ confirms the presence of 

a C=O ester functional group, which is further supported by a 

broad absorption at 3464.15 cm⁻¹. Additional absorption bands 

at 1581.63 cm⁻¹ and 1458.18 cm⁻¹ suggest the existence of 

aromatic ring structures [14]. These spectral features 

collectively indicate that mahogany seed oil likely contains 

ester compounds with aromatic characteristics. A similar trend 

has been reported in earlier studies involving the extraction of 

mahogany leaves collected from different geographical 

regions and countries [17-19]. 

Furthermore, an amide (1580 cm-1) and aromatic aliphatic 

C–H bonds (2937.3 and 2854.0 cm-1) [20, 21], 2843.9 cm-1 

(NCH2), and 1489 cm-1 (aromatic C=C) are detected in the 

FTIR analysis of pepper elder leaf extract. Comparison of the 

individual FTIR spectra of mahogany seeds and pepper elder 

leaves with that of their mixture reveals several notable 

spectral changes, indicating intermolecular interactions and 

changes in the local environments of functional groups. First, 

the intensities and/or positions of the O–H and C=O related 

bands are altered in the formulation spectrum relative to the 

pure components: attenuation or broadening of the O–H band 

and slight shifts of the carbonyl band are consistent with 

hydrogen-bond formation between phenolic hydroxyls of the 

leaf extract and the ester carbonyls of the seed oil. Such 

hydrogen-bonding interactions commonly result in band 

broadening and frequency shifts and indicate a non-covalent 

association in the blended system [8, 14]. 

 
 

Figure 6. FTIR spectrum of mahogany seeds extract, pepper 

elder leaves extract, and the formula of mahogany seeds and 

pepper elder leaves 

 

Second, the aliphatic C–H stretching region (2950–2850 

cm⁻¹) remains evident in the mixed spectrum, confirming that 

the long-chain hydrocarbon framework of the seed oil persists 

after blending. However, changes in relative band intensities 

in the fingerprint region (1600–1400 cm⁻¹), namely, 

modulation of aromatic C=C bands, suggest that 

phenolic/aromatic constituents from the leaf extract interact 

with or are solubilized within the oil phase [22]. These spectral 

modifications imply the formation of a stable dispersion or 

complex between polar phenolics and nonpolar lipid phases 

rather than chemical transformation under the blending 
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conditions used. 

The FTIR results, which revealed the presence of functional 

groups such as esters, aliphatic chains, and aromatic 

compounds, were further supported by GC–MS analysis that 

identified specific chemical constituents corresponding to 

these functional groups, as shown in Figure 7 with 

interpretation in Table 2. The GC-MS analysis of the 

SNEDDS formula revealed the presence of four major fatty 

acid methyl ester components: 9-octadecenoic acid (methyl 

oleate), hexadecanoic acid (methyl palmitate), methyl stearate, 

and 9,12-octadecadienoic acid (methyl linoleate). The 

predominance of methyl oleate indicates that the oil phase 

within the SNEDDS system is rich in oleic acid (C18:1), 

originating from both the carrier oil and the natural extracts of 

the plants. 

 

 
 

Figure 7. The GC-MS of the SNEDDS formula of mahogany 

seeds and pepper elder leaves 

 

The GC-MS profile is consistent with previous studies 

reporting that the oil or non-polar fractions of S. mahagoni and 

P. pellucida contain unsaturated fatty acids such as oleate, 

linoleate, and palmitate [23, 24]. These fatty acids play an 

essential role in forming stable nanoemulsion systems and 

enhancing the solubility and bioavailability of lipophilic 

bioactive compounds such as swietenin, swietemahonin, 

pellucidin, and amide alkaloids, which have been reported to 

exhibit antidiabetic and antioxidant activities [23]. 

 

Table 2. The compound content in the SNEDDS formula, as 

a result of GC-MS analysis interpretation from Figure 7 

 
Peak Name %Area 

1 Hexadecanoic acid 8.07 

2 & 5 9,12-octadecadienoic acid 6.48 

3 9-octadecenoic acid, methyl ester (CAS) 61.17 

4 Methyl stearate 6.20 

 

The dominance of oleic acid (61.17%) in this formulation 

has significant biological implications for antidiabetic activity. 

Oleic acid (C18:1), a monounsaturated fatty acid (MUFA), has 

been demonstrated to improve insulin sensitivity and reduce 

insulin resistance [25]. Mechanistically, oleic acid activates 

the PI3K/Akt and AMPK signaling pathways, thereby 

promoting glucose transport into muscle and hepatic tissues 

[25]. Additionally, oleic acid supplementation can suppress 

the expression of pro-inflammatory cytokines (TNF-α and IL-

6), mitigating systemic inflammation that contributes to the 

pathogenesis of type 2 diabetes mellitus [26]. 

Recent studies have shown that SNEDDS formulations can 

enhance the bioavailability of lipophilic antidiabetic 

compounds by 2–3 fold compared to conventional extract 

forms [27, 28]. In this context, oleic acid acts not only as an 

oil-phase component but also as a natural cosurfactant that 

reinforces nano-phase formation. These findings highlight the 

potential of the SNEDDS formulation containing S. mahagoni 

and P. pellucida extracts to enhance glucose-lowering efficacy 

through two primary mechanisms, namely improved 

absorption of lipophilic antidiabetic compounds and direct 

biological contribution of unsaturated fatty acids within the oil 

phase. 

 

 
 

Figure 8. The distribution of globule size with variations in the ratio of mahogany leaves and pepper elder leaves, 75 mg/mL 

(FA) (a) 1:1, (b) 1:2, and (c) 2:1 
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The next characterization is the determination of globule 

size and zeta potential. It was carried out to predict and control 

the physical stability of SNEDDS with optimal globule size to 

avoid phase separation, zeta potential value to see the 

occurrence of aggregation and flocculation of particles from 

the resulting SNEDDS formula. Determination of globule size 

and zeta potential was carried out using a Particle Size 

Analyzer (PSA) with four repetitions. The results obtained are 

shown in Figures 8-10, with the results of the interpretation of 

globule size shown in Table 3 and the zeta potential value in 

Table 4. 

The droplet or globule size in nanoemulsions generally 

ranges from 10 to 200 nanometers (nm). The interpretation of 

the average globule size data for the SNEDDS formula using 

PSA, shown in Table 3, indicates that all samples had globule 

sizes in the range of 1-200 nm. Furthermore, the zeta potential 

value in a nanoemulsion can be classified as high if the zeta 

potential of a particle is very positive (> +30 mV) or very 

negative (< -30 mV). The zeta potential is low if the zeta 

potential approaches zero (between -10 mV and +10 mV), 

resulting in weak repulsive forces. 

 

 
 

Figure 9. The distribution of globule size with variations in the ratio of mahogany leaves and pepper elder leaves, 100 mg/mL 

(FB) (a) 1:1, (b) 1:2, and (c) 2:1 

 

 
 

Figure 10. The distribution of globule size with variations in the ratio of mahogany leaves and pepper elder leaves, 125 mg/mL 

(FC) (a) 1:1, (b) 1:2, and (c) 2:1 
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Table 3. Results of SNEDDS globule size analysis of mahogany and Peperomia pellucida 

 

Sample 
Globule Size (nm) 

The Average Globule Size 
1 2 3 

SNEDDS Mahony 10.89 9.73 11.43 10.68  0.86 

FA 1:1 77.90 74.30 100.80 117.67  1.43 

FA 1:2 11.51 10.87 10.34 10.91  0.58 

FA 2:1 191.5 204.20 192.40 196.03  1.78 

FB 1:1 12.21 11.23 10.45 11.29  0.88 

FB 1:2 105.50 187.30 157.30 133.37  0.96 

FB 2:1 12.28 65.10 12.30 29.89  1.98 

FC 1:1 150.90 151.40 143.90 148.73  0.94 

FC 1:2 155.30 163.50 160.60 159.80  0.84 

FC 2:1 112.10 221.60 117.00 150.23  1.85 

 

Table 4. Results of SNEDDS zeta potential analysis of mahogany and pepper elder 

 

Sample 
Zeta Potential (mV) 

The Average of Zeta Potential 
1 2 3 

SNEED Mahoni 0.2 0.2 0.3 0.233  0.05 

FA 1:1 47.4 51.2 48.1 48.9  1.22 

FA 1:2 12.3 10.3 11.6 11.4  1.01 

FA 2:1 10.2 10.0 9.9 10.03  0.15 

FB 1:1 9.1 8.6 10.0 9.23  0.71 

FB 1:2 10.6 9.5 10.5 10.2  0.61 

FB 2:1 6.6 5.0 4.6 5.4  1.05 

FC 1:1 5.4 2.9 2.9 3.73  1.44 

FC 1:2 4.7 3.9 2.9 3.83  0.90 

FC 2:1 0.2 0.2 0.2 0.2  0.01 

 

Table 5. Results of SNEDDS polydispersity index (PDI) analysis of mahogany seeds and pepper elder leaves 

 

Sample 
PDI 

Average PDI Transmission (%) 
1 2 3 

SNEED Mahoni 0.539 0.958 0.663 0.72  0.22 81.5 

FA 1:1 0.761 1.116 0.731 0.87  0.21 89.0 

FA 1:2 0.420 0.608 0.371 0.47  0.12 89.1 

FA 2:1 0.0670 0.157 0.169 0.13  0.05 89.1 

FB 1:1 0.661 0.088 0.287 0.35  0.29 80.9 

FB 1:2 0.1579 0.077 0.211 0.15  0.06 89.4 

FB 2:1 0.442 0.275 0.254 0.32  0.10 89.7 

FC 1:1 0.575 0.598 0.567 0.58  0.01 86.9 

FC 1:2 0.929 0.690 0.700 0.77  0.16 85.7 

FC 2:1 0.2259 0.242 0.295 0.25  0.03 87.9 

 

Based on Table 3, the smallest average globule size 

occurred in the FB 1:1 sample of 11.29 ± 0.88 nm. The average 

globule size produced in this study was larger than that of 

previous studies that produced SNEDDS formulations from 

mahogany seeds [14] and SNEDDS formulations combined 

with mahogany seeds and moringa leaves [15]. All formulated 

samples met the nanoemulsion size, but the FA 2:1 sample had 

a very large size, namely 196.03  1.78 nm. It is thought to be 

due to an agglomeration process, so that the desired 

distribution of the formula by forming small oil droplets in 

water (o/w) is difficult to occur [29]. The same phenomenon 

was also found in the SNEDDS formula, a mixture of moringa 

leaves and mahogany seeds [15]. Sample FB 1:1 was selected 

for further characterization based on formulation screening 

criteria, including the smallest globule size, acceptable PDI, 

and physical stability. 

The zeta potential generated in this study (Table 4) indicates 

a good stability of the SNEDDS formula. A zeta potential 

value below 30 mV indicates a reasonably strong negative 

charge, and a potential value above 30 mV was only found in 

the FA 1:1 sample, indicating a strong positive charge. Thus, 

the NEDDS samples produced in this study are quite stable, 

safe, in line with the absorption targets, and stable in storage 

[3-5]. 

The particle size distribution within a sample is described 

by the PDI value in a nanoemulsion, especially when it comes 

to polymers or nanoparticles. Particle size variation 

(polydispersity) is indicated by a PDI value greater than 0. The 

sample's particle size variation increases with the PDI value. 

To determine the homogeneity of the globule size distribution 

of SNEDDS, the PDI measurements were conducted, as 

shown in Table 5, along with the transmittance percentage 

values. Based on Table 5, all samples of the SNEDDS 

formulation exhibited a homogenous globule size distribution. 

The results obtained are similar to previous studies that used 

cyproterone acetate-based SNEDDS [30]. The transmittance 

percentage obtained for all samples was greater than 80%, 

indicating a clear emulsion, which suggests that all formulas 

have very good biological activity. The transmittance 

percentage obtained is similar to previous research that used 

black cumin oil extract for NEDDS formulation [27]. Thus, 
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the SNEDDS formula from mahogani seeds and pepper elder 

leaves has the potential to act as an anti-diabetic. 

Several previous studies reported the average droplet size in 

SNEDDS formulated from piperine in the range of 51-701 nm 

with a zeta potential between -10.6 mV and -36.4 mV [31]. 

Furthermore, a study reported that SNEDDS from ripe 

Momordica Charantia fruit with a size of 31.89 nm and a zeta 

potential of -15.65 mV had promising antidiabetic potential 

based on biochemical, hematological, and histopathological 

results in streptozotocin-induced diabetic rats [6]. In this 

study, the average droplet size values with the smallest size of 

each variation of the SNEDDS formula of mahogany seeds 

and pepper betel leaves ranged between 10.91 and 29.89 nm, 

indicating a relatively lower average droplet size. 

In comparison to previously reported SNEDDS, the zeta 

potential of SNEDDS was found to be -0.20 to -48.9 mV, 

indicating improved adsorption and oxidative stability of the 

formulation. Additionally, the study's zeta potential generally 

showed that droplet coalescence is prevented by an increase in 

electrostatic repulsion between nanoemulsion droplets. On the 

other hand, phase separation would result from a reduction in 

electrostatic repulsion. The homogeneity of the nanoemulsion 

particles is shown by the PDI value. The PDI value ranged 

from 0.13 to 0.87, with the value of 0.13 increasing with 

particle homogeneity. It demonstrates the effectiveness of 

SNEEDS as a solvent and for medication absorption. 

 

3.4 Test for antidiabetic activity 

 

The antidiabetic activity test was conducted using Wistar 

albino rats in an in vivo study. The results of the antidiabetic 

activity test are shown in Table 6. Values are expressed as 

mean ± standard deviation (SD). Different superscript letters 

indicate statistically significant differences between treatment 

groups (p < 0.05), as determined by one-way ANOVA 

followed by an appropriate post hoc test. This study 

investigated the antidiabetic effects of several treatment 

formulations (SM, SSC, SMSC1A, SMSC1B, and SMSC1C) 

in diabetic-induced animal models, using changes in blood 

glucose levels as the main pharmacodynamic parameter.  

The results showed clear differences in glucose-lowering 

efficacy across treatment groups, as reflected in both absolute 

reduction and percentage reduction values.

 

Table 6. Results of SNEDDS antidiabetes activity analysis of mahogany seeds and pepper elder leaves 

 

Treatment 

Blood Sugar (mg/dL) 
Level of Blood Sugar Decrease After 

Treatment (mg/dL) (P1-P2) 

Percentage of Decrease in 

Blood Sugar Levels (%) 
P0 (initial 

sugar level) 

P1 

(alloxan) 

P2 (after 

treatment) 

K+ 136.00 142.00 125.00 17.00 0.159.71a 

K- 127.67 139.33 170.00 -30.67 -0.2913.0a 

SM 106.67 141.33 104.00 37.33 0.085.80b 

SSC 99.00 140.67 103.00 37.67 0.543.05b 

SMSC1A 105.67 167.33 122.67 44.67 0.406.64b 

SMSC1B 119.33 143.67 122.33 21.33 0.186.52a 

SMSC1C 134.00 140.33 113.67 26.67 0.130.78b 

where, K+ = Glibenclamide; K- = Sodium carboxymethyl cellulose (NaCMC); SM = SNEDDS Mahogany; SSC = NEDDS Pepper elder; SMSC1A = SNEDDS 
FB (1:1); SMSC1B = SNEDDS FB (1:2); SMSC1C = SNEDDS FB (2:1); P0 = Initial blood sugar levels before alloxan induction; P1 = Blood sugar levels after 

alloxan induction; P2 = Blood sugar levels after treatment. 

 

The negative control (K⁻) group exhibited an increase in 

blood glucose levels, with an average change of –45 units, 

confirming that hyperglycemia was successfully induced and 

maintained in the absence of intervention. In contrast, the 

positive control (K⁺) group showed a reduction of 17 units 

(~5.50%), consistent with the expected effect of a standard 

antidiabetic agent, thereby validating the experimental model 

[32]. The formula of the SSC (37.67 mg/dL and SM (37.33 

mg/dL) groups also showed promising activity, although with 

higher variability between subjects. 

Among all samples, the formula of SMSC1A demonstrated 

the highest hypoglycemic activity, with a mean reduction of 

44.67 units and percentage reductions ranging from 17% to 

82%. This finding is relevant because a reduction of ≥30% in 

blood glucose in rodent models is generally classified as a 

pharmacologically significant antidiabetic effect [33]. The 

extreme difference observed in some animals, 142.85% 

reduction in SSC, indicates strong individual variability, 

which is commonly reported in chemically induced diabetic 

models such as Streptozotocin (STZ) and Alloxan [34]. Such 

variability may result from differences in β-cell destruction, 

metabolic rate, tissue insulin sensitivity, or differential 

response to phytochemical constituents. 

The observed glucose-lowering effect is consistent with 

prior studies reporting that plant-derived bioactive 

compounds, particularly flavonoids, alkaloids, terpenoids, and 

phenolics, may reduce blood glucose through multiple 

mechanisms, including pancreatic β-cell regeneration, α-

glucosidase inhibition, AMPK activation, insulin 

sensitization, and enhancement of glucose transporter (GLUT-

4) expression [35]. Similar antidiabetic profiles have also been 

demonstrated in extracts of Muntingia calaburaand Hibiscus 

species, which decreased blood glucose by 40–60% in rodent 

models [36, 37]. 

However, the present study has several limitations. The 

sample size per group (n = 3) was relatively small, resulting in 

high variability and limited statistical power. Additionally, no 

biochemical markers such as insulin, HbA1c, lipid profile, or 

oxidative stress enzymes were measured, which restricts 

mechanistic interpretation. Future studies should include 

histopathological analysis of pancreatic tissue, dose–response 

testing, and molecular pathway evaluation to validate the 

pharmacological mechanism [8]. 

Overall, the findings indicate that SMSC1A and SSC are 

promising candidates for further development as antidiabetic 

agents, with higher efficacy compared to the positive control. 

Nevertheless, confirmatory studies with expanded sample 

size, controlled dosing, and additional biomarkers are required 

before they can be considered for preclinical formulation or 

phytopharmaceutical development.
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3.5 Molecular docking of 9-octadecenoic acid with protein 

tyrosine phosphatase 

 

The RMSD between the docking result and its reference 

compound was 2.1877 Å. The RMSD value approaching 2 Å 

indicates that the protocol can be used to accurately generate 

poses resulting from interactions between ligands and proteins 

[38]. It indicates the success of the protocol in replicating the 

crystal conformation of the ligand in the protein's active site, a 

common validation criterion in molecular docking studies 

[39]. In general, RMSD values below 2 Å are often considered 

a successful indicator of predicting biologically relevant 

ligand binding positions. However, it is important to note that 

RMSD alone does not necessarily reflect all aspects of 

molecular interactions, and values higher than 2 Å can also 

provide valid conformations, especially when accompanied by 

stable binding energy analysis or without significant steric 

interference [40]. 

A molecular docking study was conducted to evaluate the 

binding interaction of 9-octadecenoic acid, the major bioactive 

compound identified through GC–MS analysis of SNEDDS 

formula from mahogany seeds and pepper elder leaves, with 

the protein tyrosine phosphatase 1B (PDB ID: 5KQG). This 

enzyme is known to play a crucial role in the pathogenesis of 

diabetes mellitus. Biologically, PTP functions as a negative 

regulator of the insulin signaling pathway through 

dephosphorylation of the insulin receptor and its substrate 

(IRS), leading to decreased insulin sensitivity [41]. 

Overexpression or hyperactivity of PTPs, particularly PTP1B, 

has been strongly associated with insulin resistance, one of the 

hallmarks of type 2 diabetes mellitus. Therefore, molecules 

capable of binding to and inhibiting PTP activity may enhance 

insulin signaling and exert antidiabetic effects. 

The docking performance was validated using a reference 

inhibitor 2-(benzothiazol-2-ylamino)-2-oxo-1-

phenylethanesulfonic acid, which has been reported to interact 

with the same protein target [38]. Validation of the docking 

protocol was achieved by redocking the control ligand into the 

active site of PTP, yielding an RMSD value of 2.1877 Å 

between the experimental and predicted poses (Figure 11). 

This value falls within the acceptable range (RMSD < 2.5 Å), 

confirming that the docking method accurately reproduces 

ligand orientation and binding conformation. The validation 

result ensures the reliability of subsequent interaction 

analyses. 

 

 
 

Figure 11. Overlapping pose of the reference compound obtained from the structure of the control compound 2-(benzothiazol-2-

ylamino)-2-oxo-1-phenylethanesulfonic acid (carbon atoms in yellow) and the pose of the docked compound (carbon atoms in 

blue) 

 

Docking results revealed that 9-octadecenoic acid exhibited 

a binding energy of –100.14 kcal/mol, while the control 

compound displayed a slightly lower energy value of –112.75 

kcal/mol, indicating a stronger affinity. Although the control 

ligand demonstrated a more stable complex, the binding 

energy of 9-octadecenoic acid still reflects a stable and 

biologically relevant interaction with the enzyme’s active site. 

This finding suggests that 9-octadecenoic acid has the 

potential to modulate the activity of PTP, thereby influencing 

glucose homeostasis. 

Visualization of the interaction between 9-octadecenoic 

acid and the amino acid residues of PTP (Figure 12) revealed 

predominant hydrophobic alkyl and π–alkyl interactions with 

residues LEU116, ILE127, CYS145, CYS148, VAL8, 

VAL41, and PHE410 (represented by light purple lines). 

Additionally, van der Waals interactions (light green lines) 

were observed with GLU23, SER19, VAL11, ALA44, and 

LEU89, suggesting weak attractive forces between nonpolar 

moieties of the ligand and the side chains of the protein. A 

single carbon–hydrogen bond (C–H···O) was also identified 

between the carbonyl group of the ligand and residue PHE152. 

The combination of these nonpolar interactions indicates that 

9-octadecenoic acid binds stably within the active pocket of 

5KQG, primarily through hydrophobic and van der Waals 

forces. 
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Figure 12. Visualization of the interaction between 9-octadecenoic acid and the amino acid residues of protein tyrosine 

phosphatase (5KQG) 

 

 
 

Figure 13. Visualization of the interaction between the control compound 2-(benzothiazol-2-ylamino)-2-oxo-1-

phenylethanesulfonic acid and the amino acid residues of protein tyrosine phosphatase (5KQG) 

 

In contrast, visualization of the control ligand 2-

(benzothiazol-2-ylamino)-2-oxo-1-phenylethanesulfonic acid 

interactions with PTP residues (Figure 13) demonstrated a 

more complex and robust binding pattern. Conventional 

hydrogen bonds were formed with residue LEU89 (light green 

line), representing a strong electrostatic attraction between the 

ligand’s polar groups and the protein’s amide groups. 

Additional sulfur–X and π–sulfur interactions with residues 

CYS12, MET91, and PHE152 (yellow/orange lines) 

highlighted the contribution of sulfur atoms from the 

benzothiazole ring to complex stabilization. A π–anion 

interaction with residue PHE152 was also detected, indicating 

electrostatic attraction between the aromatic ring of the ligand 

and a negatively charged residue. Furthermore, π–alkyl 

interactions (light purple lines) with residues CYS148, 

LEU116, and CYS149, along with van der Waals interactions 

(light green lines) involving ALA44, SER19, VAL8, and 

TYR87, further enhanced the stability of the ligand–receptor 

complex. This combination of diverse interactions explains the 

lower (more stable) binding energy observed for the control 

ligand. 

A comparative analysis between the two ligands showed 

that the control compound possessed stronger binding affinity 

and more complex interaction networks with PTP than 9-

octadecenoic acid, as reflected in both binding energy and 

interaction profile. Nevertheless, the substantial hydrophobic 

interactions exhibited by 9-octadecenoic acid suggest that this 

fatty acid still holds potential as a natural inhibitor candidate 
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for PTP. 

Overall, the docking results support the hypothesis that 

unsaturated fatty acids derived from S. mahagoni and P. 

pellucida contribute to the previously reported antidiabetic 

activity of these plants. The findings provide mechanistic 

insight into the potential role of 9-octadecenoic acid in 

modulating PTP activity and enhancing insulin sensitivity. 

It should be noted that GC–MS detects fatty acids 

predominantly in their methyl ester forms, whereas molecular 

docking was performed using the corresponding free fatty 

acid, which may exhibit different interaction profiles. 

Therefore, the docking results should be interpreted as 

providing mechanistic support rather than definitive evidence 

of the biological activity of the methyl ester identified. 

 

 

4. CONCLUSIONS 

 

The study demonstrated that the SNEDDS containing a 

combination of Swietenia mahagoni and Peperomia pellucida 

extracts possesses excellent physicochemical properties and 

significant antidiabetic potential. The predominance of oleic 

acid (9-octadecenoic acid) in the GC–MS profile, supported 

by molecular docking results against PTP1B, confirms its 

potential as a bioactive compound capable of enhancing 

insulin sensitivity and regulating glucose homeostasis. The 

nanoscale droplet size, favorable zeta potential, and low PDI 

values indicate that the developed SNEDDS is physically 

stable and capable of improving the bioavailability of 

lipophilic phytoconstituents. These findings provide a 

scientific basis for further in vivo pharmacokinetic and 

toxicological studies to validate the clinical applicability of the 

S. mahagoni and P. pellucida SNEDDS formulation as a 

promising natural therapeutic strategy for diabetes mellitus. 
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