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Abstract 
Penelitian ini bertujuan untuk mengevaluasi efektivitas ekstrak daun nimba (Azadirachta indica) 

hasil green extraction menggunakan minyak kelapa murni (Virgin Coconut Oil, VCO) sebagai agen 
antiacne alami. Metode ekstraksi dilakukan dengan teknik maserasi menggunakan pelarut VCO 
pada tiga variasi konsentrasi (5%, 10%, dan 20%). Uji aktivitas antibakteri in vivo dilakukan pada 
mencit yang diinduksi bakteri Cutibacterium acnes untuk menimbulkan lesi menyerupai jerawat. 
Evaluasi dilakukan pada hari ke-5, ke-10, dan ke-15 dengan menilai jenis serta jumlah lesi 
(komedo, papula, dan pustula). Selain itu, analisis in silico dilakukan untuk memprediksi interaksi 
senyawa aktif non-polar daun nimba (gedunin, nimbin, dan nimbiloide) terhadap protein target C. 
acnes (PDB ID: 6KHM) menggunakan perangkat lunak PyRx, UCSF Chimera, dan Discovery Studio. 
Hasil uji in vivo menunjukkan bahwa kombinasi ekstrak VCO–daun nimba pada konsentrasi 10% dan 
20% mampu menghilangkan lesi jerawat secara signifikan, setara dengan efektivitas klindamisin 
sebagai kontrol positif. Hasil in silico memperlihatkan bahwa nimbiloide memiliki afinitas ikatan 
terkuat (–8,2 kcal/mol) dengan residu asam amino GLY178 dan ALA180, mirip dengan mekanisme 
klindamisin. Secara keseluruhan, kombinasi VCO dan daun nimba menunjukkan aktivitas 
antibakteri sinergis terhadap C. acnes, sehingga berpotensi dikembangkan sebagai bahan aktif 
alami yang ramah lingkungan untuk formulasi dermokosmetik antiacne. 
Keywords : Azadirachta indica, Virgin Coconut Oil, green extraction, Cutibacterium acnes, 

antiacne 

Abstrak 

This study aimed to evaluate the effectiveness of neem (Azadirachta indica) leaf extract obtained 
through a green extraction process using Virgin Coconut Oil (VCO) as a natural anti-acne agent. 
The extraction was carried out using the maceration method with VCO as the solvent at three 
different concentrations (5%, 10%, and 20%). The in vivo antibacterial test was conducted on mice 
induced with Cutibacterium acnes to develop acne-like lesions. Evaluations were performed on 
days 5, 10, and 15 by assessing the number and types of lesions (comedones, papules, and 

pustules). Additionally, in silico analysis was conducted to predict the interaction of non-polar 
active compounds from neem leaves (gedunin, nimbin, and nimbiloide) with the C. acnes target 
protein (PDB ID: 6KHM) using PyRx, UCSF Chimera, and Discovery Studio software. The in vivo 
results showed that VCO–neem leaf extract at concentrations of 10% and 20% significantly 
eliminated acne lesions, demonstrating comparable efficacy to clindamycin as a positive control. 
The in silico results revealed that nimbiloide exhibited the strongest binding affinity (–8.2 
kcal/mol) with amino acid residues GLY178 and ALA180, similar to clindamycin’s binding pattern. 
Overall, the combination of VCO and neem leaf extract exhibited synergistic antibacterial activity 
against C. acnes, indicating its potential as an eco-friendly natural active ingredient for anti-acne 
dermocosmetic formulations. 
Key words : Neem leaf, Azadirachta indica, Virgin Coconut Oil, green extraction, Cutibacterium 

acnes, anti-acne 
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Acne is one of the most common dermatological disorders worldwide and 

can have significant psychological and social impacts on affected individuals. This 

condition arises from chronic inflammation of the pilosebaceous unit due to 

increased sebum production, follicular blockage, Cutibacterium acnes (C. acnes) 

colonization, and immune responses (Niedźwiedzka et al., 2024). Acne affects 

approximately 9.4% of the global population, making it one of the most prevalent 

skin disorders (Guguluș et al., 2025). Although acne is typically associated with 

adolescence, its incidence among adults—particularly women—has been 

increasing due to hormonal changes, stress, and the use of unsuitable cosmetic 

products (Kim & Kim, 2024).Conventional acne treatments often rely on topical 

or systemic antibiotics such as clindamycin and erythromycin (Amuzescu et al., 

2024). However, long-term antibiotic use can lead to bacterial resistance, skin 

irritation, allergic reactions, and disruption of the normal skin microbiota (Ellis et 

al., 2024) (Dessinioti & Katsambas, 2022). These issues have driven the need for 

alternative therapeutic agents that are safe, natural, and environmentally 

friendly, while maintaining comparable antibacterial efficacy. 

One of the most promising natural sources with well-documented 

antibacterial properties is Azadirachta indica (neem). Neem leaves contain 

several bioactive compounds such as gedunin, nimbin, and nimbiloide, which 

exhibit antibacterial, anti-inflammatory, and antioxidant properties (Herrera-

Calderon et al., 2019). Neem extracts have demonstrated significant antibacterial 

activity against various bacterial strains, highlighting their potential application 

as active ingredients in dermocosmetic formulations (Baby et al., 2022). 

Nevertheless, most previous studies have employed conventional organic solvents 

such as ethanol, methanol, or ethyl acetate, which may leave toxic residues and 

pose environmental concerns. 

In recent years, the concept of green extraction has emerged as a 

sustainable alternative in natural product research. Green extraction focuses on 

INTRODUCTION 
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the use of eco-friendly solvents and energy-efficient techniques that minimize 

waste and reduce environmental impact while preserving the integrity of 

bioactive compounds (Usman et al., 2023). One of the most promising solvents in 

this approach is Virgin Coconut Oil (VCO). VCO is a natural, non-polar solvent 

capable of efficiently extracting lipophilic compounds(Kok et al., 2021), and it 

also possesses inherent antibacterial activity due to its lauric acid and monolaurin 

content (Nitbani et al., 2022). These fatty acids are known to disrupt bacterial 

membranes and inhibit microbial growth. 

The combination of neem leaf compounds and lauric acid from VCO is 

hypothesized to exert a synergistic antibacterial effect against C. acnes. The non-

polar bioactives of neem may interfere with bacterial enzymatic pathways, while 

lauric acid contributes to the disruption of the bacterial membrane, enhancing 

overall antibacterial efficacy. This research introduces a novel approach by 

applying a VCO-based green extraction method for neem leaves—an extraction 

strategy that has not been widely investigated—and by integrating both in vivo 

and in silico (molecular docking) analyses to evaluate antibacterial activity from 

biological and molecular perspectives. Therefore, this study aims to evaluate the 

antibacterial and anti-acne potential of VCO-based green extracts of neem leaves 

through in vivo and in silico approaches. The findings are expected to contribute 

to the development of natural, eco-friendly anti-acne formulations and provide 

an alternative solution to the increasing problem of antibiotic resistance in acne 

treatment. 

 

Extraction Process 

Neem (Azadirachta indica) leaves were obtained from the plantation area of the 

Taksu Tridatu Foundation, Nusa Penida. The leaves were first dried, ground into 

a fine powder, and then subjected to extraction using the maceration method 

with Virgin Coconut Oil (VCO) as the solvent at three different concentrations: 

5%, 10%, and 20%. The VCO used in this study was sourced from the UMKM Taksu 

  METHOD 
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Tridatu, Nusa Penida. The maceration process was carried out for four days with 

periodic stirring to ensure proper homogenization between the solvent and the 

sample. After maceration, the mixture was filtered using filter paper to obtain a 

clear filtrate, which represented the neem leaf–VCO extract. 

In Vivo Antibacterial Activity Test 

The in vivo antibacterial activity test was conducted using mice that had been 

induced with Cutibacterium acnes (C. acnes) ATCC 11827 to produce inflammatory 

lesions resembling acne. The study consisted of four treatment groups: T0 as the 

control group treated with pure VCO (0%), T1–T3 as treatment groups receiving 

neem leaf–VCO extracts at concentrations of 5%, 10%, and 20%, respectively; C(+) 

as the positive control treated with clindamycin (Cindala®); and C(–) as the 

negative control treated with sterile distilled water (Karta & Burhannuddin, 

2023). Each treatment was topically applied to acne-induced skin areas for 15 

consecutive days. Evaluations were performed every five days by assessing the 

severity of acne lesions based on the following scoring criteria: 0 for no lesion, 1 

for comedones, 2 for papules, and 3 for pustules (Bae et al., 2024). The average 

score was calculated to determine the effectiveness of each treatment in reducing 

acne severity. 

In Silico Analysis 

In silico analysis was performed to predict the interaction between active 

compounds from neem leaves and the C. acnes target protein receptor. Molecular 

docking simulations were conducted using PyRx 0.8, UCSF Chimera (version 1.16), 

and Discovery Studio Visualizer (version 21.1.0.20298). The ligands used included 

non-polar active compounds from neem leaves—gedunin, nimbin, and nimbiloide—

with clindamycin serving as the reference compound (Baby et al., 2022). The 

target receptor was the C. acnes protein with the PDB ID: 6KHM (Pengsawang et 

al., 2025). Docking was performed by setting the grid box at coordinates X: 

56.8421, Y: 60.8931, and Z: 60.6762. The docking results were analyzed based on 

binding affinity values and amino acid residue interactions to determine the 

stability of the ligand–receptor complexes. 
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This study aimed to evaluate the effectiveness of neem (Azadirachta indica) leaf 

extract obtained through a green extraction process using Virgin Coconut Oil 

(VCO) in reducing acne lesions in experimental mice. The observed parameters 

included the number and types of lesions—comedones, papules, and pustules—

following Cutibacterium acnes induction. Evaluations were conducted on days 5, 

10, and 15 (Table 1), and the mean lesion scores from each treatment group 

were subsequently presented graphically as shown in Figure 1. 

Table 1. Results of the In Vivo Anti-Acne Activity Evaluation in Mice 

Treatment 

Observation result 

After 
induction 

Score  Day 5 score Day 10 Score  Day 15 score 

C (-) 

2 pa 4 2 pu  6 1 pa,3 pu 11 4 pu 12 

2 pa 4 2 pu  6 1 co,3 pu 10 3 pu,2 pa 13 

2 pa 4 1 pu,1 pa 5 1 co,3 pu 10 3 pu, 2 co 11 

C (+) 

2 pa 4 1 co,1 pa 3 1 co 1 healed 0 

2 pa 4 1 pa 2 1 co 1 healed 0 

2 pa 4 1 pa 2 healed 0 healed 0 

T0 

2 pa 4 1 pa,1 co 3 2 co 2 1 pa 2 

2 pa 4 1 pu,1 pa 5 1 pa, 1 co 3 2 co 2 

2 pa 4 2 pa 4 1 pa, 1 co 3 3 co 3 

T1 

2 pa 4 2 pa 4 1 pa, 1 co 3 2 co 2 

2 pa 4 1 pu,1pa 4 1 pa, 1 co 3 1 co 1 

2 pa 4 1 pu,1 co 4 1 pa, 1 co 3 1 co 1 

T2 

2 pa 4 1 pu 3 1 pa 2 healed 0 

2 pa 4 1 pa,1 co 3 2 co 2 healed 0 

2 pa 4 1 pa,1 co 3 healed 0 healed 0 

T3 

2 pa 4 1 pa 2 healed 0 healed 0 

2 pa 4 1 pa 2 healed 0 healed 0 

2 pa 4 1 pu 3 2 co 2 healed 0 

1 = comedo (co), 2=papule (pa), 3=pustules (pu), C-: negative control, C+:positive control 
T0 : VCO, T1:5% neem leaf powder-VCO, T1:10% neem leaf powder-VCO, T1:20% neem leaf powder-
VCO 

 

 

 

RESULTS 
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Figure 1. Anti-Acne Activity Profile of Treatments Based on the Average Lesion Severity Scores 

The in silico analysis of the potential non-polar compounds from neem 

(Azadirachta indica) leaves revealed the types of interactions and their 

corresponding binding affinities (Table 2). The docking results were further 

visualized in both two- and three-dimensional representations, as shown in 

Figures 2 and 3. 

Table 2. Docking results of the ligands with the protein target 6KHM 

Ligand 
Binding 
affinity  

(kcal/mol) 

RMSD 
(define 
unit) 

H-bonding 
distance (Å) 

Interacting recidues 

Clindamycin -6.2 1.426 
GLY178 (2.98), 
ALA180(3.97) 

van der Waals: ARG144, ASP177, 
PHE179, TRP192, THR190, VAL172 

Alkyl and Phi-alkyl: PHE176, 
PHE211, DKL900, ALA173  
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Ligand 
Binding 
affinity  

(kcal/mol) 

RMSD 
(define 

unit) 

H-bonding 
distance (Å) 

Interacting recidues 

Gedunin -7.3 1.881 - 

van der Waals:THR190, PRO189, 
ALA180, PHE179, TRP192, PHE176, 
VAL172, ALA173, PHE211, GLY39, 

ALA213, GLY212 
Alkyl and Phi-alkyl: DKL900, LEU38 

Phi-sulfur : MET215  

Nimbin -6.9 1.842 TRP192 (5.28) 

van der Waals:ASP177, PHE176, 
VAL172, GLY212, MET215, ALA213, 
DKL900, PHE211, THR190, PRO189, 

ALA180, PHE179 
Alkyl: ALA173  

Nimbiloide -8.2 1.066 
GLY178(3.45), 
ALA180(3.82), 

PHE179 

van der Waals:ASP177, ALA173, 
PRO189, THR190, GLU169, VAL172, 

TRP192, PHE176 
Alkyl: DKL900 

 

 

 

 

 

 

 

 

Figure 2. Binding Position of the Ligands within the Receptor Structure (PDB ID: 6KHM) 
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Figure 3. Three-Dimensional and Two-Dimensional Visualization of the Binding Interactions 

between the Ligands and the 6KHM Receptor 
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This study evaluated the antibacterial and healing effects of neem 

(Azadirachta indica) leaves extracted using Virgin Coconut Oil (VCO) as a green 

solvent against acne lesions in experimental mice. Observations were made on 

days 5, 10, and 15 after bacterial induction (Table 1). The negative control group 

(C−), which received only distilled water, showed a progressive increase in lesion 

numbers from 4 to 12–13, indicating the worsening of infection and inflammation 

without treatment. In contrast, the positive control group (C+) treated with 

Clindamycin (Cindala®) exhibited a complete reduction of lesions by day 15, 

confirming its high antibacterial efficacy. This consistent with the findings of 

Courdurié et al. (2022) who reported that Clindamycin remains a standard topical 

antibiotic for acne caused by C.acnes. Treatment with pure VCO (T0) resulted in 

mild improvement, reducing lesions to 2–3 by day 15, suggesting moderate 

antibacterial and wound-healing properties (Wilan Krisna et al., 2024). Medium-

chain fatty acids in VCO, such as lauric and capric acids, possess antibacterial 

activity against P. acnes and S. aureus (Nitbani et al., 2022). 

Better outcomes were obtained in the treatment groups combining neem 

leaf extract with VCO, particularly at concentrations of 10% (T2) and 20% (T3), 

both of which completely eliminated acne lesions by day 15 (Figure 1). The T1 

(5%) treatment showed moderate improvement but some comedones remained. 

Both T2 and T3 exhibited antibacterial and healing effects comparable to the 

positive control, with T3 showing the strongest response and T2 considered the 

most optimal due to its lower concentration and stable activity. These findings 

are in agreement with Wylie & Merrell (2022) and Ahmed et al. (2023), who 

reported that neem contains bioactive compounds which have strong 

antibacterial, anti-inflammatory, and biofilm-inhibiting properties. Furthermore, 

VCO as a natural green solvent enhances the solubility and penetration of 

bioactive compounds in herbal formulations (Prasanna et al., 2024)(Yara-Varón et 

al., 2017). Overall, the combination of neem leaf extract and VCO at 10–20% 

concentrations effectively inhibited acne-causing bacteria, promoted lesion 

DISCUSSION 
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healing, and provided results comparable to synthetic antibiotics, supporting its 

potential as a safe, natural, and eco-friendly alternative for topical acne therapy. 

The molecular docking analysis was performed to evaluate the binding 

affinity and interaction profiles of non-polar compounds from neem (A. indica) 

leaves against the target protein 6KHM (Table 2, Figure 2, Figure 3). Clindamycin 

was used as a positive control to compare the binding activity of the tested 

compounds. The docking results indicated that all ligands exhibited relatively 

strong binding affinities, suggesting potential antibacterial activity against C. 

acnes. Among the tested ligands, nimbiloide showed the strongest binding affinity 

(–8.2 kcal/mol), which was higher than that of clindamycin (–6.2 kcal/mol). This 

result implies that the nimbiloide–protein complex is more stable. Interaction 

analysis revealed that nimbiloide formed hydrogen bonds with the amino acid 

residues GLY178 and ALA180, similar to those observed in clindamycin, indicating 

a comparable mechanism of action. In addition, nimbiloide established several 

van der Waals and alkyl interactions with key residues such as ASP177, ALA173, 

PRO189, and TRP192, further enhancing the stability of the ligand–receptor 

complex. 

Gedunin and nimbin also exhibited favorable binding affinities (–7.3 and –

6.9 kcal/mol, respectively), supported by hydrophobic and van der Waals 

interactions with several active-site residues. These interactions contribute to the 

potential inhibitory effect of the compounds on the bacterial target protein. The 

relatively low RMSD values (<2.0 Å) observed for all ligands indicate that the 

docking poses were conformationally stable and reliable. Overall, these findings 

suggest that the non-polar compounds of neem, particularly nimbiloide, have 

strong binding interactions with the C. acnes target protein, comparable to 

clindamycin. This highlights the potential of neem leaf extracts as promising 

bioactive agents for use in dermocosmetic formulations aimed at managing acne-

related bacterial infections. 
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Figure 4. Mechanism of Action of VCO–Neem Leaf Extract as an Antibacterial Agent 

The synergistic antibacterial mechanism between neem (Azadirachta 

indica) leaf extract and virgin coconut oil (VCO) is primarily attributed to the 

interaction of their non-polar compounds with the bacterial plasma membrane 

(Figure 4). Neem extract contains several non-polar bioactive compounds, such 

as terpenoids, limonoids, and fatty acid derivatives (Baby et al., 2022), which 

are highly soluble in the lipid fraction of VCO. VCO, rich in lauric acid and other 

medium-chain fatty acids, acts as an efficient non-polar solvent and carrier 

system that enhances the solubility, stability, and permeability of neem-

derived hydrophobic compounds. This lipid-based medium facilitates the 

diffusion of active molecules through the bacterial cell envelope, promoting 

their accumulation at the membrane interface where critical interactions occur 

(Nitbani et al., 2022). 

Once in contact with the bacterial membrane, the non-polar compounds 

exhibit strong lipophilic interactions with the lipid bilayer. These interactions 

destabilize the membrane’s structural integrity by altering lipid packing, 
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increasing membrane fluidity, and disrupting the balance between hydrophilic 

and hydrophobic regions. Consequently, the permeability of the bacterial 

membrane increases, leading to leakage of cytoplasmic contents such as ions, 

nucleotides, and proteins, ultimately causing cell lysis and death. Transmission 

electron microscopy studies of neem nanoemulsions have shown clear evidence 

of membrane rupture and cytoplasmic leakage after treatment, confirming this 

disruptive effect (Kumar et al., 2022).  

Beyond membrane disruption, neem-derived compounds also interfere 

with bacterial cellular functions by inhibiting key enzymes and interfering with 

biofilm formation. Previous reports have shown that neem extracts alter the 

hydrophobicity of bacterial cell surfaces, reduce cell adhesion, and suppress 

extracellular polysaccharide synthesis, thereby impairing biofilm maturation. 

This multifaceted action, when combined with the membrane-penetrating 

property of lauric acid in VCO, enhances the overall antibacterial performance 

through a synergistic mechanism. VCO facilitates deeper membrane 

penetration of neem compounds, while lauric acid itself possesses intrinsic 

antimicrobial activity by forming monolaurin, a compound known to 

disintegrate bacterial lipid bilayers (Nitbani et al., 2022). The combination of 

neem leaf extract and VCO provides a dual mechanism involving 

physicochemical membrane disruption and biochemical inhibition of bacterial 

growth. The lipid–lipid affinity between non-polar neem compounds and VCO 

constituents enhances the delivery and activity of bioactive molecules against 

Cutibacterium acnes. This synergy makes the neem–VCO formulation a 

promising natural antibacterial agent suitable for dermocosmetic applications 

aimed at acne prevention and treatment. 

 

This study demonstrated that neem (Azadirachta indica) leaf extract obtained 

through a green extraction process using Virgin Coconut Oil (VCO) exhibited 

effective antibacterial activity against Cutibacterium acnes, as confirmed by both 

in vivo and in silico analyses. The in vivo results showed that VCO–neem leaf 

CONCLUSION 
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extracts at concentrations of 10% and 20% significantly reduced acne lesions, with 

comparable efficacy to clindamycin, the positive control. The in silico findings 

revealed that nimbiloide displayed the strongest binding affinity to the C. acnes 

target protein (PDB ID: 6KHM), forming interactions similar to those of 

clindamycin, suggesting a similar antibacterial mechanism. The synergistic 

interaction between neem’s non-polar compounds and lauric acid from VCO 

enhances antibacterial activity through dual mechanisms involving membrane 

disruption and enzyme inhibition. Therefore, VCO-based neem leaf extract 

formulations hold promise as natural, eco-friendly active ingredients for the 

development of dermocosmetic anti-acne products. 
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