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 Allium cepa L. (Bima Brebes variety) is a prolific source of quercetin-type flavonols and 
organosulfur compounds, recognized for their potent anti-inflammatory and antioxidant 
activities.  Topical herbal liniments offer a practical approach to manage localized 
inflammation while minimizing systemic exposure. This study aimed to evaluate the anti-
inflammatory activity of a topical liniment formulated with a 70% ethanolic extract of A. cepa. 
LC–MS/MS (UHPLC Vanquish Tandem Q) had identified ten secondary metabolites putatively 
linked to anti-inflammatory effects. Anti-inflammatory efficacy was evaluated in vivo using a 
carrageenan-induced paw oedema model in male mice. Oedema inhibition was recorded at 
18% in the negative control, 47% in the positive control, and 38%, 42%, and 44% for the 2 g, 
3 g, and 5 g formulations, respectively. One-way ANOVA revealed significant differences 
among groups (p = 0.001). These findings suggested that A. cepa-based liniment formulations 
may serve as promising candidates as natural topical anti-inflammatory agents. 
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 Allium cepa L. (varietas Bima Brebes) merupakan sumber yang melimpah akan flavonol tipe 
kuersetin dan senyawa organosulfur dengan aktivitas antiinflamasi serta antioksidan yang 
poten. Penggunaan linimen herbal topikal menawarkan strategi praktis dalam manajemen 
inflamasi lokal guna meminimalkan paparan sistemik. Penelitian ini mengevaluasi aktivitas 
antiinflamasi linimen yang diformulasikan dengan ekstrak etanol 70% A. cepa. Karakterisasi 
fitokimia menggunakan LC-MS/MS (UHPLC Vanquish Tandem Q) mengidentifikasi sepuluh 
metabolit sekunder yang berkontribusi pada aktivitas biologis tersebut. Efek antiinflamasi 
diuji secara in vivo melalui model edema pada kaki mencit jantan yang dinduksi karagenan. 
Hasil menunjukkan inhibisi edema sebesar 18% pada kontrol negatif, 47% pada kontrol 
positif, serta 38%, 42%, dan 44% berturut-turut untuk formulasi 2 g, 3 g, dan 5 g. Analisis 
One-way ANOVA mengonfirmasi perbedaan signifikan antar kelompok (p = 0.001). Temuan 
ini menegaskan potensi sediaan linimen A. cepa sebagai agen terapeutik topikal alami yang 
menjanjikan dalam mengatasi inflamasi lokal.  
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1. INTRODUCTION 
Medicinal plants, commonly referred to as biofarmaka, are plant-
derived materials containing bioactive constituents that exert 
therapeutic effects either individually or synergistically. Among 
these, red onion (Allium cepa L.) is widely reported to contain 
quercetin, flavonoids, and sulphur-containing compounds with 
anti-inflammatory, antioxidant, immunomodulatory, and 
analgesic activities (Soemarie, 2016; Sarno, 2019; Marefati et al., 
2021; Jose & Vinod, 2024). Mechanistically, A. cepa and its 
constituents have demonstrated modulation of inflammatory 
responses through multiple pathways, including inhibition of 
cyclooxygenase enzymes and suppression of the JAK–STAT 
signaling pathway in lipopolysaccharide-stimulated macrophages 
(Tuuk et al., 2020; Lee et al., 2023). These findings support the 
potential of A. cepa as a natural source of anti-inflammatory 
agents. 

Topical liniments are considered an effective dosage form for self-
medication due to their ease of application and localized action. 
Virgin Coconut Oil (VCO) has often been used as a liniment base 
owing to its favorable physicochemical properties and reported 
anti-inflammatory, analgesic, and antipyretic effects (Intahphuak 
et al., 2010; Indriyani et al., 2021). Several liniment-based 
formulations derived from natural products have shown 
significant anti-inflammatory efficacy. For example, Huangbai 
Liniment was reported to reduce skin inflammation and 
proinflammatory cytokine expression in atopic dermatitis models 
(Zheng et al., 2021), while Polygonum minus liniment 
(Lineminus™) demonstrated potent anti-inflammatory activity in 
both in vitro and in vivo studies (George et al., 2014). These 
studies indicate highlight the effectiveness of bioactive plant-
extract-based liniments in topical anti-inflammatory therapy. 

Despite reports on the wound-healing potential of A. cepa topical 
preparations (Yunanda & Rinanda, 2016; Puspariki & Suharti, 
2019), studies examining their anti-inflammatory effects remain 
limited. Notably, systematic evaluation of liniments made from 
Bima Brebes A. cepa using a standardized in vivo model is lacking. 
Accordingly, this study aimed to test the hypothesis that liniment 
containing A. cepa extract in a VCO base exerts significant anti-
inflammatory effects. The hypothesis was tested using a 
carrageenan-induced paw oedema model in male mice (Mus 
musculus). 

2. METHODS 
2.1. Materials  

The equipment used included glassware (Iwaki, Jakarta, 
Indonesia), analytical balance (Ohaus, Parsippany, United States), 
hot plate (Thermo Scientific, Waltham, United States), oven 
(Memmert, Schwabach, Germany), rotary evaporator (Heidolph, 
Schwabach, Germany), grinder (Fomac, Jakarta, Indonesia), and 
ultrasonic cleaner (Digital Pro, Jakarta, Indonesia), 
plethysmometer (Orchid, Nashik, India), LC-MS UHPLC Vanquish 
Tandem Q Exactive Plus Orbitrap HRMS (Thermo Fisher Scientific, 

Waltham, United States), SPSS version 26 (IBM Corporation, 
Armonk, United States).  

Materials included Bima Brebes variety of red onions (Allium cepa 
L.) (Bogor, Indonesia), Virgin Coconut Oil (VCO) (Nutrifarm, 
Tangerang, Indonesia), diclofenac sodium ointment (Voltaren 
Emulgel) (PT Glaxo Wellcome Indonesia, Jakarta, Indonesia), 
carrageenan (IndoGum) (PT Gumindo Perkasa Industri, Jakarta, 
Indonesia), 70% ethanol (Pasifik Kimia, Jakarta, Indonesia), 
distilled water (Pasifik Kimia, Jakarta, Indonesia), and male mice 
(Mus musculus) (Jakarta Barat, Indonesia). 

2.2. Plant Determination 

The Bima Brebes variety of red onions (Figure 1) was 
taxonomically verified as Allium cepa L. (No. 35/HB/04/2024) at 
the Faculty of Mathematics and Natural Sciences, Universitas 
Padjadjaran, Jatinangor, Indonesia. 

 
Figure 1. Bima Brebes variety of red onion (Allium cepa L.) 

2.3. Herb dan Extraction 

The preparation of A. cepa extract involved selecting fresh bulbs, 
performing wet sorting, washing, removing outer skins, drying, 
dry sorting, and pulverizing. The resulting powdered herb was 
extracted with 70% ethanol for 5 × 24 hours. The extract was 
then concentrated using a rotary evaporator at 40°C and 80 rpm, 
followed by oven-drying at 40°C until a dry extract was obtained 
(Riskianto et al., 2025). 

2.4. Liquid Chromatography Tandem Mass Spectrometry (LC-
MS/MS)  

A 5 mg sample was dissolved in 1 mL methanol and filtered using 
a 0.2 µm nylon membrane. The analysis was conducted using a 
ThermoScientific LC-MS UHPLC Vanquish Tandem Q Exactive Plus 
Orbitrap HRMS with an Accucore C18 column (100 × 2.1 mm, 
1.5 µm). The flow rate was set to 0.2 mL/min with eluent A (H₂O 
+ 0.1% formic acid) and eluent B (acetonitrile + 0.1% formic 
acid). The gradient program was as follows: 0–1 min (5% B), 1–25 
min (5–95% B), 25–28 min (95% B), and 28–33 min (5% B). The 
column temperature was maintained at 30°C, with an injection 
volume of 2 µL. The mass range was set at 100–1500 m/z in 
positive ionization mode (Audah et al., 2022). Data were 
processed using ChemSpider  (www.chemspider.com) and 
mzCloud (https://www.mzcloud.org/). 

2.5. Formulation of Liniment 70% Ethanol Extract of A. cepa 

The liniment was prepared by mixing the A. cepa extract with VCO 
in ratios of 3:10, 5:10, and 10:10. The mixtures were heated on a 

http://www.chemspider.com/
https://www.mzcloud.org/
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hotplate for 8 hours with continuous stirring. Subsequently, each 
sample underwent maceration at room temperature for 24 hours 
with intermittent stirring. After filtration, the liniments were ready 
for in vivo testing on mice (Pramitha et al., 2023). The liniment 
formulations were evaluated organoleptically for color, odor, 
form, taste, and texture. 

2.6. Liniment Anti-inflammatory Effect Test on Mice (M. 
musculus) 

The anti-inflammatory experiment was conducted following 
ethical approval from the Ethics Committee of the Faculty of 
Health Sciences, Universitas Pelita Harapan (Approval No. 
0019/PE.KEPK-FIKes-UPH/V/2024). Twenty male mice were 
randomly assigned into five groups (n = 4 per group). Group I 
(negative control) received VCO, while Group II (positive control) 
was treated with diclofenac sodium ointment. Groups III, IV, and 
V received liniment formulations I (2 g), II (3 g), and III (5 g), 
respectively. Baseline paw oedema volumes (T0) were measured 
before carrageenan induction. Inflammation was induced via 
intraplantar injection of carrageenan, and oedema volumes were 
measured 30 minutes post-induction (T1). Treatments were 
topically applied, and paw volumes were subsequently measured 
at 30 (T2), 60 (T3), and 90 minutes (T4) post-application using a 
plethysmometer (Juliadi et al., 2019). 

2.7. Data Analysis 

The results of the anti-inflammatory test were analyzed using 
Statistical Package for Social Sciences (SPSS) software version 26. 
A one-way analysis of variance (ANOVA) was conducted with a 
95% confidence level. Tukey’s Honestly Significant Difference 
(HSD) post hoc test was then conducted at a significance level of 
p = 0.05 to identify statistically significant differences in oedema 
volume reduction between the positive control group and the 
groups treated with liniment formulas I, II, and III. 

3. RESULTS AND DISCUSSION 
3.1. Extraction 

The extraction process was conducted using the maceration 
method with 70% ethanol as the solvent. Ethanol was selected due 
to its polarity, which allows it to effectively penetrate plant cell 
walls, promote diffusion, and facilitate the extraction of bioactive 
compounds (Yulianti et al., 2020). Maceration was preferred for 
its simplicity and non-thermal nature, thereby preventing the 
degradation of thermolabile secondary metabolites in the Bima 
Brebes variety of A. cepa. This method facilitated the extraction of 
a broader spectrum of compounds. 

During herb preparation, the weight of the dried material was 286 
grams, with a moisture loss of 16.57% during the drying process. 
During extraction, the pressure differential across cell membranes 
disrupted the cell structure, enabling the release of cytoplasmic 
secondary metabolites into the 70% ethanol solvent (Handini, 
2020).  The process yielded 68.1 grams of extract, resulting in an 
extractive yield of 23.8% (Table 1). A higher yield indicates a 
greater quantity of bioactive compounds successfully extracted.  

Table 1. The results of herb extraction from A. cepa bulbs with 
70% ethanol extract 

Part of Plant 
Weight of 
Herb (g) 

Weight of 
Extract (g) 

Extract 
Yield (%) 

A. cepa bulbs 286 68.1 23.8 

3.2. Liquid Chromatography Tandem Mass Spectrometry (LC-
MS/MS) Analysis 

The extract was analyzed for its secondary metabolite content 
using LC-MS/MS. A total of 66 secondary metabolites were 
detected in the 70% ethanol extract of A. cepa (Figure 2), with ten 
compounds identified as having anti-inflammatory activity based 
on previously published literature (Table 2). 

Table 2. Anti-Inflammatory Compounds in 70% Ethanol Extract of Bima Brebes Red Onion (A. cepa) Identified by LC-MS/MS 

Compound Name Formula 
Annot. 

DeltaMass 
[ppm] 

Calc. MW 
RT 

[min] 
ChemSpider 

Results 

mzCloud 
Best 

Match 
Reference 

DL-Arginine C6 H14 N4 O2 -0.76 174,11154 1.012 3 82.4 
(Oyovwi & Atere, 2024; 

Yin et al., 2024) 
gamma-Glutamyl-
gamma-glutamyl-S-
methylcysteine 

C14 H23 N3 O8 S -1.3 393,12007 2.635 1  (Thomas et al., 2015) 

L-(+)-Leucine C6 H13 N O2 0.3 131,09467 1.645 20 97.8 (Hirai et al., 2014) 
DL-Phenylalanine C9 H11 N O2 0.02 165,07898 2.426 19 95.2 (Bai et al., 2024) 
L-gamma-Glutamyl-L-
valine 

C10 H18 N2 O5 -1 246,12132 2.122 12  (Guha et al., 2021) 

DL-Glutamine C5 H10 N2 O3 -0.54 146,06906 1.06 9 95.4 (Kim et al., 2017; Raizel 
et al., 2016) 

L-(-)-Asparagine C4 H8 N2 O3 -0.29 132,05345 1.052 8 70.9 (Vimal & Kumar, 2018; 
Chen et al., 2016) 

N-Acetylcystathionine C9 H16 N2 O5 S -1.51 264,07759 1.543 4  (Uraz et al., 2013; 
Emelda 2022) 

DL-Tyrosine C9 H11 N O3 -0.38 181,07382 1.147 22 97.4 (Andriyono, 2019) 
Tricine C6 H13 N O5 -0.39 179,0793 1.01 12  (Li et al., 2021) 
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LC-MS/MS combines the separation capacity of liquid 
chromatography with the high specificity and sensitivity of mass 
spectrometry. In this technique, sample components are separated 
based on their interactions with the stationary and mobile phases 
and then ionized for detection as charged ions. The method 
enables the identification, structural elucidation, and 
quantification of compounds based on their molecular weights and 
spectral profiles (Mangurana et al., 2019). Ten compounds were 
identified that have been previously reported to exert anti-
inflammatory activity through various molecular mechanisms. 
The mechanisms of action of these compounds are detailed in 
Table 3. 

3.3. Evaluation of the Liniment Formulation 

Three liniment formulations containing 1 g, 2 g, and 3 g of A. cepa 
extract in 50 mL of virgin coconut oil (VCO) were prepared and 
subjected to organoleptic evaluation. The results are summarized 
in Table 4. Anti-inflammatory activity tests revealed oedema 
reduction percentages of 18% (negative control), 47% (positive 
control), 38% (formulation 1/F1), 42% (formulation 2/F2), and 
44% (formulation 3/F3). To optimize the formulation, fresh A. 
cepa was used and extracted via maceration without heating, 
distillation, bleaching, or deodorization steps (Pranata et al., 
2020). Subsequent formulations were prepared using 2 g, 3 g, and 
5 g of fresh Bima Brebes A. cepa extract in 50 mL of VCO. 
Organoleptic evaluation indicated that Formula I was the most 
preferred, primarily due to its clear color. 

 
Figure 2. LC-MS/MS Analysis of 70% Ethanol Extract of A. cepa 

Table 3. Anti-Inflammatory Mechanisms of Compounds in Bima Brebes Red Onion (A. cepa) Extract Based on LC-MS/MS. 
Compound Name Mechanism of Action 
DL-Arginine Involves the enhancement of nitric oxide production, modulation of immune cell activity (regulation of 

macrophages and increased T cell proliferation), regulation of inflammatory signalling pathways 
(inhibition of NF-kB transcription and activation of PPARs), and reduction of oxidative stress (Oyovwi & 
Atere, 2024). 

gamma-Glutamyl-gamma-
glutamyl-S-methylcysteine 

Inhibition of NF-kB, reduction of COX-2, decrease in oxidative stress, inhibition of MAPK, activation of 
PPARs, enhancement of T cell proliferation, and alteration of macrophage polarity (Thomas et al., 2015). 

L-(+)-Leucine Through activation of the mTOR pathway by regulating protein synthesis and inhibiting NF-kB, reducing 
oxidative stress, modulating macrophages, and producing adipokines (Hirai et al., 2014). 

DL-Phenylalanine Inhibits the expression of Tph-1 and SERT, as well as suppresses the expression of MMP-2/-9, TIMP-1/-2, 
interleukin-1β (IL-1β), tumour necrosis factor-α (TNF-α), and intercellular adhesion molecule-1 (ICAM-1) 
(Bai et al., 2024). 

L-gamma-Glutamyl-L-valine Inhibits the activity of cyclooxygenase (COX) or lipoxygenase (LOX), which produce inflammatory 
mediators such as prostaglandins and leukotrienes (Guha et al., 2021). 

DL-Glutamine Inhibits the nuclear factor-κB (NF-κB) signalling pathway (expression of pro-inflammatory genes including 
cytokines, chemokines, and adhesion molecules) and the signal transducers and activators of transcription 
(STAT) pathway (Kim et al., 2017).  

L-(-)-Asparagine Modulates T-cell mediated B-cell responses, inhibiting both humoral and cell-mediated immune responses 
to T-cell dependent immunogens in sheep red blood cells (SRBC) (Vimal & Kumar, 2018).  

N-Acetylcystathionine Inhibits tumour necrosis factor alpha (TNF-α), interleukin-1 beta (IL-1β), interleukin-6 (IL-6), 
myeloperoxidase (MPO), and malondialdehyde (MDA) (Uraz et al., 2013). 

DL-Tyrosine Inhibits NFκB (Andriyono, 2019). 
Tricine It is a commonly used electrophoresis buffer and is also used for resuspending cell pellets (Li et al., 2021).  
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 Table 4. Organoleptic Evaluation of Three Formulations of 70% Ethanol Extract of Bima Brebes Red Onion (A. cepa). 

Formula Weight (g) Observation 
Colour Odor Form Result 

F-I 2 Clear Dominant VCO No Sediment No Sensation of Heat on the Skin 
F-II 3 Slightly Cloudy A. cepa No Sediment Slight Sensation of Heat on the Skin 
F-III 5 Cloudy Dominant 

A. cepa 
No Sediment Sensation of Heat on the Skin 

3.4. Anti-Inflammatory Effect of Liniment on Mice (Mus 
musculus)  

The anti-inflammatory activity was evaluated in vivo using mice 
as experimental subjects. Mice were chosen for their small size, 
rapid reproductive cycle, and genetic similarity to humans, which 
makes them suitable models for studying human-related diseases. 
They are also amenable to genetic modifications, allowing 
researchers to model human pathologies. Additional benefits 
include ease of handling, compact housing requirements, and low 
maintenance costs. Inflammation was induced by intraplantar 

injection of carrageenan, which activates phospholipase enzymes, 
hydrolyzing membrane phospholipids and releasing arachidonic 
acid. The resulting arachidonic acid triggers the release of early-
phase inflammatory mediators, including histamine, serotonin, 
and bradykinin. Prostaglandins (PGs) further contribute by 
increasing vascular permeability, which promotes plasma protein 
extravasation and oedema formation. Carrageenan is 
advantageous experimentally as it causes no permanent tissue 
damage, leaves no residual marks, and produces a more sensitive 
inflammatory response than many other irritants (Zamanabadi, 
2025). 

 
Figure 3. Average Volume of Oedema in the Test Animals Corresponding to the Treatments Administered with Test Samples. T0 = 
Volume of Oedema in the Test Animals Before Carrageenan Induction; T1 = Volume of Oedema in the Test Animals After Carrageenan 
Induction; T2 = Volume of Oedema in the Test Animals After Administration of Test Samples at 30 Minutes; T3 = Volume of Oedema 
in the Test Animals After Administration of Test Samples at 60 Minutes; T4 = Volume of Oedema in the Test Animals After 
Administration of Test Samples at 90 Minutes.   
 
Before experimentation, the mice were acclimatized through 
appropriate group housing, ad libitum access to food and water, 
regular cage cleaning, and maintenance of optimal environmental 
conditions. The mice were randomly divided into five groups (n 
= 4 per group). Group I (negative control) received VCO, 
commonly used as a liniment base. Group II (positive control) 
received diclofenac sodium ointment, a potent COX inhibitor with 
anti-inflammatory, antipyretic, and analgesic effects. Groups III, 
IV, and V received liniment formulations I (2 g), II (3 g), and III (5 

g), respectively. The mean oedema volumes recorded for each 
treatment group were as follows. As shown in Figure 3, oedema 
volume increased after carrageenan induction (T1), confirming 
inflammation in all groups. Subsequent measurements at 30, 60, 
and 90 minutes showed a reduction in oedema volume in all 
treated groups, indicating an anti-inflammatory effect. 

As presented in Figure 4, the oedema reduction percentages were: 
negative control (18%), positive control (47%), Formula I (38%), 
Formula II (42%), and Formula III (44%). Interestingly, the 
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negative control group treated with VCO also exhibited anti-
inflammatory effects. Prior research has reported that VCO at 
doses of 4 g/kg and 8 g/kg body weight reduced oedema by 2.47% 

and 4.17%, respectively, between 180 and 300 minutes post-
induction, with 8 g/kg being the optimal dose. 

 
Figure 4. Anti-inflammatory effect (%) of topical liniment formulations in carrageenan-induced paw oedema in mice. Bars represent 
mean ± SD. Different superscript letters indicate significant differences among groups based on Tukey’s HSD test at p < 0.05. 

VCO contains bioactive constituents such as unsaturated fatty 
acids (oleic and linoleic acid) and flavonoids, which contribute to 
its anti-inflammatory properties. PUFAs exert anti-inflammatory 
effects by suppressing eicosanoid synthesis, reducing pro-
inflammatory cytokine production, and inhibiting reactive oxygen 
species (ROS) formation. Flavonoids inhibit key enzymes involved 
in eicosanoid biosynthesis—such as phospholipase A2, 
cyclooxygenase, and lipoxygenase—thereby decreasing 
prostanoid and leukotriene levels. They also modulate 
transcription factors and inhibit histamine release, 
phosphodiesterase activity, and protein kinase functions (Nevin & 
Rajamohan, 2010).  

Statistical analysis using one-way ANOVA revealed significant 
differences among the treatment groups (p < 0.05). Tukey’s HSD 
test further indicated that the positive control group (diclofenac) 
showed a significantly higher anti-inflammatory effect compared 
to the negative control (VCO) (p < 0.05), but not significantly 
different from Formulas II and III. Formula I was statistically 
different from the negative control (p < 0.05), but not from the 
positive control. These results suggest that higher doses of A. cepa 
extract (3 g and 5 g) produced anti-inflammatory effects 
comparable to diclofenac. Taken together, the results indicate that 
the A. cepa extract-based liniment, especially at higher doses, 
exhibits significant anti-inflammatory activity and may serve as a 
promising natural alternative for topical anti-inflammatory 
therapy. 

4. CONCLUSION 
This study identified ten anti-inflammatory secondary metabolites 
in the 70% ethanol extract of Bima Brebes red onion through LC-
MS/MS analysis. Topical liniments formulated with this extract in 
Virgin Coconut Oil (VCO) significantly reduced carrageenan-
induced paw oedema in mice, with all doses (2 g, 3 g, and 5 g) 
showing notable anti-inflammatory effects. Although higher doses 
exhibited slightly greater efficacy, statistical analysis revealed no 
significant difference among the liniment groups, suggesting that 
even the lowest concentration (2 g) provided meaningful 
therapeutic benefits. The observed effects likely result from the 
combined action of flavonoids, organosulfur compounds, and 
VCO’s bioactive constituents. These findings support the 
development of A. cepa-based liniments as cost-effective, natural 
alternatives for topical inflammation management and warrant 
further investigation into their long-term safety, mechanisms, and 
broader clinical potential. 
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