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ABSTRACT

Introduction: Sesame oil, derived from Sesamum indicum seeds, is enriched with bioactive compounds proven for 
their antioxidant and anti-inflammatory properties. However, limited studies have explored the immunomodulatory 
potential of traditionally extracted sesame oils, such as Ghee Hiang’s sesame oil, in macrophage-driven inflam-
mation models. Materials and Methods: RAW264.7 macrophage cells were stimulated with lipopolysaccharides 
(LPS) to induce inflammation and treated with several different concentrations of sesame oil extract. Cytotoxicity 
was assessed via the MTT assay, while cytokine levels of TNF-α and IL-10 were quantified using ELISA. Results: 
The results showed that Ghee Hiang’s sesame oil was non-toxic at concentrations up to 200 µg/ml and exhibited 
significant immunomodulatory effects, reducing TNF-α levels by up to 65% and increasing IL-10 levels by 132% in 
a dose-dependent manner. This indicates a shift towards an anti-inflammatory macrophage phenotype. Conclusion: 
These findings suggest that Ghee Hiang’s sesame oil has potent anti-inflammatory properties, potentially serving as 
a natural therapeutic candidate for inflammation control. Its ability to downregulate pro-inflammatory cytokines 
and enhance anti-inflammatory responses positions it as a promising candidate for future studies involving chronic 
inflammatory diseases and nutraceutical development.
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INTRODUCTION

Sesame oil, derived from the seeds of Sesamum 
indicum, is widely recognized for its nutritional and 
medicinal value, owing to its rich composition of lipids, 
proteins, and diverse bioactive compounds including 
tocopherols, sesamin, sesamol, and other lignans (1, 
2). Globally, sesame is cultivated on approximately 14 
million hectares with an annual production of about 6.8 
million tonnes (1). Traditionally used in Asian medicine 
and cuisine, sesame oil is now gaining scientific attention 
for its pharmacological activities. Previous studies 
have reported that sesame oil exhibits antioxidant, 
antimicrobial, antihypertensive, and cardioprotective 
effects, with many of these benefits attributed to 
its polyunsaturated fatty acids (PUFAs) and lignan 
content (3-6). In particular, Ghee Hiang’s sesame oil, 
a traditionally extracted Malaysian sesame oil product, 

was shown by Yenn et al. (2023) to possess significant 
antibacterial and antioxidant activities, highlighting its 
potential as a bioactive-rich therapeutic oil (7). 

Building upon these findings, it is plausible that Ghee 
Hiang’s sesame oil may also exert immunomodulatory 
effects, as similar bioactive compounds particularly 
sesamin and sesamol have been shown to regulate 
immune responses (8). These compounds are known 
to inhibit key inflammatory pathways such as nuclear 
factor-kappa B (NF-κB) and cyclooxygenase-2 (COX-2) 
(9), leading to reduced secretion of pro-inflammatory 
cytokines like tumor necrosis factor-alpha (TNF-α), 
interleukin-1 beta (IL-1β), and interleukin-6 (IL-6), 
while promoting the production of anti-inflammatory 
cytokines such as interleukin-10 (IL-10)  (8, 10). A meta-
analysis of randomised controlled trials reported that 
sesame consumption  reduced serum level interleukin-6 
(IL-6) (WMD − 0.90; 95% CI (−1.71, − 0.09) but did not 
alter level of CRP and TNF-α significantly (11).

Moreover, in vivo studies in mice have demonstrated that 
aqueous extracts of sesame oil suppress inflammation-
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associated genes involved in atherosclerosis and 
upregulate those involved in reverse cholesterol 
transport and anti-inflammatory responses (12). 
Sesamol, in particular, has been shown to alleviate 
oxidative stress and airway inflammation in asthmatic 
mice by increasing glutathione levels and reducing 
malondialdehyde expression (13). Despite these insights, 
the immunomodulatory potential of Ghee Hiang’s 
sesame oil has not been previously explored. Given that 
the method of oil extraction may influence its bioactive 
compound profile and potency, there is a scientific basis 
to investigate whether traditionally processed sesame oil 
like Ghee Hiang’s can modulate immune cell responses 
in vitro.

Therefore, the present study aims to evaluate the anti-
inflammatory and immunomodulatory effects of Ghee 
Hiang’s sesame oil using RAW264.7 macrophage cells 
stimulated with lipopolysaccharide (LPS) to induce 
inflammation. This research focuses on its cytotoxicity 
profile and its ability to suppress TNF-α and enhance 
IL-10 production, indicators of immune modulation, 
thereby expanding the pharmacological profile of Ghee 
Hiang’s sesame oil.

MATERIALS AND METHODS

Study Design
The study was designed as an in vitro analysis to 
assess the immunomodulatory, anti-inflammatory, 
and cytotoxicity effects of Ghee Hiang’s sesame oil. 
RAW264.7 macrophage cells were used to evaluate the 
oil's effects on immune modulation, inflammation, and 
cell viability. Cells were exposed to varying doses of 
sesame oil and then stimulated with lipopolysaccharides 
(LPS) to trigger an inflammatory response. MTT assay 
was used to determine cell viability, and cytokine levels 
were measured to assess the inflammatory activity.

Materials and Chemicals
The materials used included Ghee Hiang’s sesame oil, 
LPS (Sigma-Aldrich), and reagents for cytokine and 
cytotoxicity assays. RAW264.7 macrophage cells were 
maintained in DMEM media completed with 10% 
fetal bovine serum (FBS) and were sourced from iCell 
Bioscience. Cytokine levels were measured using ELISA 
kits for TNF-α and IL-10 (Elabscience). MTT assay (BBI/
Sangon Biotech) used to detect cell viability. 

Extraction of Sesame Oil
To extract the sesame oil sample, liquid partitioning 
was performed. The process involved using a separation 
funnel, where two distinct layers were formed. The 
upper layer, light brown in color, represented the 
organic phase, while the bottom layer was dark brown. 
The upper organic layer was collected as the methanolic 
extract of the sesame oil. After the drying process, the 
extract had a brown appearance, and an extraction yield 
of 1.74% was obtained.

Cytotoxicity Testing 
To evaluate the cytotoxicity of Ghee Hiang’s sesame oil, 
RAW264.7 cells were cultured in 24-well plates, and 
different concentrations of sesame oil (200–1000 µg/mL) 
were added to the cells and incubated for 48 hours. At 
the end of the treatment, MTT solution was added at a 
concentration (5 mg/mL) were added to the treated cells 
and incubated for 40 minutes at 37°C. The formazan 
crystal was dissolved using DMSO. The intensity of 
formazon was detected at 570nm through a microplate 
reader. Cell viability was quantified as a percentage 
relative to untreated control cells, and the half-maximal 
inhibitory concentration (IC

50
) was calculated to evaluate 

the cytotoxic potential of the sesame oil extract. Based on 
the cytotoxicity results, concentrations of 100 µg/mL and 
200 µg/mL were selected for subsequent assays, as these 
doses were below the cytotoxic threshold and ensured 
macrophage viability. Similar non-toxic concentration 
ranges have been reported for Ghee Hiang sesame oil 
extract showing strong antioxidant and antibacterial 
activities (7). 

Pro-inflammatory Testing
RAW264.7 cells were treated with LPS for 24 hours 
to induce pre inflammation condition. Afterwards, the 
cells were treated with Ghee Hiang’s sesame oil extract 
at two different concentrations, 100 µg/ml and 200 µg/
ml, for 24 hours. The levels of pro-inflammatory TNF-α 
cytokine were measured using ELISA.

Anti-inflammatory Testing
In a separate experiment, RAW264.7 cells were first 
stimulated with LPS for 24 hours to induce inflammation. 
Afterwards, the cells were treated with Ghee Hiang’s 
sesame oil extract at concentrations of 100 µg/ml and 
200 µg/ml for 24 hours. The levels of anti-inflammatory 
IL-10 cytokine were measured using ELISA.

Data Collection and Statistical Analysis
Data are presented as mean ± standard deviation 
(SD) from three independent experimental replicates. 
Cytokine concentrations were measured using ELISA 
and expressed as percentages relative to the untreated 
control group. Likewise, cell viability in the cytotoxicity 
assay was calculated as a percentage of the control. 
Statistical analysis was conducted using one-way 
ANOVA followed by Tukey’s post hoc test, with p < 
0.05 considered statistically significant.

RESULTS

Cytotoxicity Effects
The cytotoxicity of Ghee Hiang’s sesame oil on 
RAW264.7 cells was assessed using the MTT assay. Cell 
viability was unaffected at lower concentrations (up to 
approximately 250 µg/ml ), with over 90% cell viability 
observed (Figure 1). However, at higher concentrations 
(300 µg/ml and above), cell viability decreased , with 
the IC

50 
concentration being approximately 357.6 µg/ml. 
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Anti-inflammatory Effects
Ghee Hiang’s sesame oil extract increased anti-
inflammatory cytokine production (IL-10) compared 
to the control group in a dose-dependent manner. At 
100 µg/ml concentration, IL-10 levels were elevated by 
29%, and increased by 132% at the highest non-toxic 
concentration (200 µg/ml) as shown in Figure 3.

Pro-inflammatory effects
Ghee Hiang's sesame oil extract reduced the production 
of pro-inflammatory cytokine (TNF-alpha) compared 
to the control group in a dose-dependent manner. At 
100 µg/ml concentration, TNF-α levels were reduced 
by 55% and reduced by 65% at the highest non-toxic 
concentration (200 µg/ml) as shown in Figure 2. 

Fig. 1: Cytotoxicity of Sesame oil extract on RAW246.7 macrophages. 
(n = 3, three independent experiments)

This indicates that Ghee Hiang’s sesame oil is non-toxic 
at lower concentrations (below 300 µg/ml), which were 
used in the assays to study the pro-inflammatory and 
anti-inflammatory functions.

Fig. 2: Expression of TNFα in RAW 264.7 cells after SOE treatment. 
*p<0.01, (n = 3, three independent experiments)

Fig. 3: Expression of Interleukin-10 in RAW 264.7 cells after SOE 
treatment. (n = 3, three independent experiments)

DISCUSSION

The cytotoxicity analysis revealed that Ghee Hiang’s 
sesame oil is well-tolerated by RAW264.7 macrophage 
cells at concentrations up to 200 µg/ml, making it 
suitable for further testing in immune and inflammation-
related assays. The IC

50
 value (approximately 357.6 µg/

ml) suggests that the oil extract begins to exert cytotoxic 
effects at higher concentrations. Meanwhile, a study was 
done on two different types of sesame from Indonesia 
exhibited IC

50
 DPPH  8.88–44.21 μg/mL and IC

50
 ABTS 

24.91–141.19 μg/mL (14). 

With regard to immunomodulation, a reduction in the 
pro-inflammatory cytokine TNF-α indicates that Ghee 
Hiang’s sesame oil was observed to reduce inflammatory 
activity. This suggests that the oil extract can shift 
macrophages from a pro-inflammatory state towards a 
more balanced or anti-inflammatory phenotype, which 
could be particularly beneficial in managing conditions 
of chronic inflammation.  The findings confirm that Ghee 
Hiang’s sesame oil possesses potent anti-inflammatory 
properties, likely due to its rich content of bioactive 
compounds like sesamin. By significantly reducing 
levels of pro-inflammatory cytokines in an LPS-induced 
inflammation model, the oil extract demonstrates 
potential as a natural anti-inflammatory agent, with 
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implications for its use in mitigating inflammation-
related conditions.

The bioactive compounds in sesame oil, particularly 
sesamin, are believed to contribute to these 
immunomodulatory and anti-inflammatory effects. 
Previous studies have shown that these compounds 
inhibit key inflammatory pathways, including NF-κB 
and MAPK signaling, thereby reducing the production 
of pro-inflammatory mediators and enhancing the 
expression of anti-inflammatory cytokines such as IL-
10 (8, 9). Furthermore, Hsu et al.  demonstrated that 
sesamol attenuates endotoxin-induced oxidative stress 
and multiple organ injury in rats by reducing nitric oxide 
production, suppressing inducible nitric oxide synthase 
expression, and enhancing antioxidant enzyme activities, 
thereby protecting against inflammation-associated 
tissue damage (15). Sesamol also alleviates high-fat-diet-
induced hepatic insulin resistance in mice by enhancing 
adiponectin secretion from adipose tissue and activating 
hepatic AMPK signaling, thereby improving glycogen 
synthesis and reducing gluconeogenesis (16). 

The combination of cytotoxicity testing and cytokine 
modulation findings provides a strong foundation 
provides a solid foundation for exploring the therapeutic 
potential of Ghee Hiang’s sesame oil. Its ability to 
reduce inflammation while remaining non-toxic at lower 
concentrations suggests it could be useful in managing 
inflammatory conditions. Further in vivo and clinical 
studies will be essential to validate these findings and to 
investigate its potential for systemic applications.

This study was limited to in vitro assays using RAW264.7 
macrophage cells. While the cytotoxicity and cytokine 
modulation findings are promising, additional in vivo 
studies and clinical trials are needed to confirm the safety 
and efficacy of Ghee Hiang’s sesame oil for therapeutic 
use. Future studies should also investigate the molecular 
mechanisms involved and assess long-term effects on 
immune regulation and inflammation.

Although this study demonstrated the immunomodulatory 
effects of Ghee Hiang’s sesame oil extract, the chemical 
constituents were not directly analyzed. Previous studies 
have reported that traditionally extracted sesame oils 
contain bioactive lignans such as sesamin, sesamol, and 
sesamolin, which are responsible for their antioxidant 
and anti-inflammatory properties. These compounds 
have been shown to modulate inflammatory pathways, 
including NF-κB and MAPK signaling, leading to 
reduced production of pro-inflammatory cytokines and 
enhanced antioxidant capacity (8, 17). A recent report 
also confirmed the antibacterial and antioxidant activities 
of Ghee Hiang’s sesame oil extract, further supporting 
its high bioactive compound content (7). Future studies 
incorporating GCMS or HPLC profiling will be essential 
to identify and quantify these constituents and to 
correlate their abundance with the observed biological 

effects.

CONCLUSION

This study demonstrated that Ghee Hiang’s sesame 
oil extract exhibits immunomodulatory and anti-
inflammatory properties in LPS-stimulated RAW264.7 
macrophage cells. The extract was well tolerated up to 
200 µg/mL and significantly reduced the production of 
the pro-inflammatory cytokine TNF-α while maintaining 
cell viability. These findings suggest that Ghee Hiang’s 
sesame oil shows potential as a natural anti-inflammatory 
agent warranting further in vivo validation to confirm its 
efficacy and elucidate its underlying mechanisms.
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