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Abstrak 

Latar belakang: Paparan asap rokok dalam jangka panjang dapat meningkatkan pembentukan spesies oksigen reaktif 
(ROS), yang memicu stres oksidatif dan peroksidasi lipid pada jaringan paru-paru. Salah satu biomarker yang sering 
digunakan untuk menilai kerusakan oksidatif adalah malondialdehida (MDA). Bawang putih (Allium sativum L.) 
mengandung senyawa organosulfur yang dilaporkan memiliki aktivitas antioksidan dan antiinflamasi. Namun, efektivitas 
ekstrak bawang putih dalam kondisi paparan asap rokok dalam jangka panjang masih terbatas. Tujuan: Penelitian ini 

bertujuan untuk mengevaluasi pengaruh pemberian ekstrak bawang putih terhadap kadar MDA serum pada tikus Wistar 
jantan yang terpapar asap rokok dalam jangka panjang. Metode: Penelitian ini menggunakan desain eksperimental sejati 
dengan kelompok kontrol posttest-only, melibatkan 30 tikus jantan Wistar yang dibagi menjadi kelompok normal, kelompok 
paparan asap rokok, kelompok vitamin C, kelompok ekstrak bawang putih 50 mg/kg berat badan, kelompok ekstrak bawang 
putih 100 mg/kg berat badan, dan kelompok kombinasi ekstrak bawang putih–vitamin C. Hasil: Paparan asap rokok 
dilakukan selama 21 hari berturut-turut. Kadar MDA serum dianalisis menggunakan metode Thiobarbituric Acid Reactive 
Substances (TBARS). Studi ini menunjukkan bahwa paparan asap rokok meningkatkan kadar MDA serum. Sementara itu, 
pemberian vitamin C secara signifikan menurunkan kadar MDA tersebut. Kesimpulan:  ekstrak bawang putih belum 
terbukti memiliki efek antioksidan terhadap stres oksidatif yang disebabkan oleh paparan asap rokok dalam jangka waktu 

lama. 

Kata kunci: Paparan asap rokok; Allium sativum L; Malondialdehida; Stres Oksidatif; Antioksidan. 

Abstract 

Background: Prolonged exposure to cigarette smoke can increase the formation of reactive oxygen species (ROS), which 
trigger oxidative stress and lipid peroxidation in lung tissue. One biomarker frequently used to assess oxidative damage is 
malondialdehyde (MDA). Garlic (Allium sativum L.) contains organosulfur compounds that have been reported to possess 
antioxidant and anti-inflammatory activities. However, the effectiveness of garlic extract in conditions of prolonged 
cigarette smoke exposure remains limited. Aim: This study aims to evaluate the effect of garlic extract administration on 
serum MDA levels in male Wistar rats exposed to prolonged cigarette smoke. Methods: This study used a true experimental 
posttest-only control group design with 30 male Wistar rats divided into the normal group, the cigarette smoke exposure 
group, the vitamin C group, the 50 mg/kg body weight garlic extract group, the 100 mg/kg body weight garlic extract group, 

and the garlic extract–vitamin C combination group. Cigarette smoke exposure was conducted for 21 consecutive days. 
Serum MDA levels were analyzed using the Thiobarbituric Acid Reactive Substances (TBARS) method. Result: This study 
showed that cigarette smoke exposure increased serum MDA levels. Meanwhile, vitamin C administration significantly 
reduced these MDA levels. However, administration of garlic extract at doses of 50 mg/kg body weight or 100 mg/kg body 
weight, either alone or in combination with vitamin C, did not result in a reduction in serum MDA levels. Conclusion: garlic 
extract has not yet been shown to provide an antioxidant effect against oxidative stress caused by prolonged exposure to 
cigarette smoke. 
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1.  INTRODUCTION 

Exposure to cigarette smoke is significantly linked to the onset of chronic diseases affecting several organ 

systems, especially the respiratory system. Tobacco exposure significantly impacts global morbidity and 

mortality, with the World Health Organization documenting over 8 million annual deaths attributable to tobacco 

consumption and secondhand smoke exposure [1]. The prevalence of smoking-related diseases is particularly 

severe in low- and middle-income nations, where restricted access to healthcare may exacerbate disease 

development and outcomes.  

The detrimental consequences of cigarette smoke are mostly associated with its intricate chemical composition. 

Cigarette smoke has thousands of molecules, including hazardous gases, oxidants, and substances that generate 

free radicals, which can disturb normal cellular homeostasis [2,3]. Prolonged contact to these materials can 

result in the overproduction of reactive oxygen species (ROS) and subsequent oxidative imbalance in biological 

tissues. Elevated levels of reactive oxygen species (ROS) damage lipids, proteins and nucleic acids and 

simultaneously activate inflammatory pathways that result in tissue deterioration. Oxidative stress in pulmonary 

tissues is associated with inflammatory cell infiltration, epithelial degradation, and progressive structural 

alterations that are often found in chronic obstructive pulmonary disease (COPD) and other smoking-related 

respiratory diseases. One often utilised biomarker for assessing oxidative stress is malondialdehyde (MDA), a 

byproduct of lipid peroxidation produced during oxidative damage to cellular membranes. Elevated MDA levels 

have often been documented after exposure to cigarette smoke and are regarded as a marker of increased 

oxidative damage. Experimental studies indicate that exposure to cigarette smoke may elevate reactive oxygen 

species (ROS) production beyond the limits of innate antioxidant defence mechanisms, thereby hastening 

inflammatory and oxidative processes [8].  

The interest in natural products as potential modulators of oxidative stress has significantly risen in recent years. 

Numerous medicinal plants possess bioactive chemicals that can provide antioxidant and anti-inflammatory 

properties with comparatively less side effects than synthetic medicines. Garlic (Allium sativum L.) is a 

medicinal plant extensively studied for its substantial concentration of organosulfur compounds, such as allicin, 

diallyl sulphide, diallyl disulphide, and diallyl trisulfide. These chemicals are thought to exhibit antioxidative 

effects via scavenging free radicals and modulating inflammatory signalling pathways.Previous research have 

shown that garlic extract may diminish oxidative stress indicators, such as MDA levels, in experimental models 

subjected to cigarette smoke [11,12].  

While numerous research have assessed the antioxidative capacity of garlic extract, the majority concentrated on 

short-term smoke exposure models lasting around 14 days [13, 14]. There is insufficient evidence concerning 

the impact of garlic extract administration during extended exposure to cigarette smoke, which may more 

accurately reflect persistent oxidative stress and initial pathological alterations linked to chronic lung damage 

[15,16]. This study aimed to assess the impact of garlic extract on blood malondialdehyde (MDA) 

concentrations in male Wistar rats subjected to prolonged exposure to cigarette smoke. 

2.  METHODS 

Experimental design  

This study employed an in vivo experimental design using a true experimental posttest-only control group 

method. A total of 30 male Wistar rats (Rattus norvegicus) were randomly divided into six groups: Normal 

group (A), Cigarette smoke exposure group as a negative control (B), Vitamin C group as a positive control (C), 

Garlic extract group at a dose of 50 mg/kg body weight (D), Garlic extract group at a dose of 100 mg/kg body 

weight (E), and Combination group of garlic extract and vitamin C at a dose of 100 mg/kg body weight (F). 

 

Preparation of garlic extract  

Fresh garlic bulbs were obtained from the traditional market in Jakabaring, South Sumatra. The garlic was 

cleaned and dried in an oven at 40°C for five days. Once dry, the material was ground into a crude powder using 

a blender. Extraction was performed using the maceration method with 70% ethanol at a 1:5 ratio for 48 hours. 

The extraction mixture was stirred periodically, and the solvent was replaced every 24 hours. After the 

maceration process, the solution was filtered to separate the filtrate from the residue, and the extraction process 
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was repeated twice. The filtrate was then concentrated and dried until all the ethanol had evaporated, yielding a 

powdered garlic extract [17, 18]. 

 

Phytochemical analysis 

Phytochemical analysis was conducted to identify secondary metabolites associated with antioxidant activity, 

including flavonoids, alkaloids, saponins, steroids, triterpenoids, quinones, and tannins [19]. 

 

Acclimatisation of experimental animals  

Prior to the intervention, all animals were acclimatized for seven days under controlled laboratory conditions. 

Mice were housed in stainless steel cages at a temperature of 22 ± 1°C, with good ventilation and maintained 

cage sanitation. Food was provided ad libitum, and drinking water was provided twice daily [20]. 

 

Cigarette smoke exposure and treatment administration 

After acclimatization, rats in the intervention group were exposed to cigarette smoke for 21 consecutive days 

using unfiltered kretek cigarettes containing 39 grams of tar and 2.3 grams of nicotine. Exposure was conducted 

using a smoking chamber measuring 54 cm × 36.5 cm × 28.5 cm with six mice per session. A total of 23 

cigarettes were smoked in the chamber over the course of one hour to produce consistent smoke exposure. 

Following cigarette smoke exposure, garlic extract and vitamin C were administered orally via a gastric tube 

according to the treatment group. 

 

Venipuncture and serum isolation  

At the conclusion of the intervention period, about 2 ml of blood was extracted from the ocular vein utilising 

microhematocrit tubes. Blood samples were maintained at room temperature for one hour to facilitate clot 

formation, followed by centrifugation at 3,000 rpm for 10 minutes to isolate serum samples [21]. 

 

Quantification of serum malondialdehyde (MDA)  

Serum malondialdehyde (MDA) levels were measured using the thiobarbituric acid reactive substances 

(TBARS) assay. The serum was initially mixed with 1 ml of 0.9% nacl solution, then 100 μl of that mixture was 

centrifuged at 8,000 rpm for 20 min. Then, 550 μl distilled water and 100 μl 20 % trichloroacetic acid (TCA) 

were added to the mixture.  Homogenisation was performed with vortex mixer and 400 μl of 1% thiobarbituric 

acid (TBA) solution was added and centrifuged at 500 rpm for 15 minutes. The supernatant containing the tba–

mda complex was then transferred to a new microtube and heated in a water bath at 100 °C for 30min. The 

absorbance readings were recorded at 535 nm by means of a uv-visible spectrophotometer [22].  

 

Statistical analysis  

Data analysis was performed using statistical program for the social sciences (SPSS) version 27 for windows. 

Data normality was tested using the shapiro-wilk test and variance homogeneity was evaluated using levene’s 

test. Comparative studies were conducted using parametric or nonparametric statistics tests depending on the 

parameters of distribution of data. One-way analysis of variance (ANOVA), independent t test and kruskal–

wallis test were applied with post hoc analysis to differentiate differences between group. 

 

Ethical Consideration 

All research procedures were conducted in accordance with biomedical research ethics standards and approved 

by the Health Research Ethics Committee of the Faculty of Medicine at Sriwijaya University (Protocol No.321-

2025). 

3.  RESULT 

Phytochemical analysis of garlic extract (Table 1) identified six types of secondary metabolites: flavonoids, 

alkaloids, saponins, triterpenoids, steroids, and quinones; tannins were not detected.  
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Table 1. Phytochemical Constituents of Garlic Extract 

Phytochemical compound 

 

Result 

Flavonoids + 

Alkaloids + 

Saponins + 

Triterpenoids + 
Steroids + 

Quinones + 

Tannins - 

 

Based on this study, it was found that there were differences in serum MDA levels among the treatment groups 

(p=0.0001, Table 2). The normal group had the lowest mean serum MDA level, while the cigarette smoke-

exposed group showed an increase in MDA levels to 21.48 ± 1.15. Post hoc analysis showed that there was a 

significant difference in serum MDA levels between the normal group and the cigarette smoke-exposed group 

(p=0.009, Table 3). These results indicate that cigarette smoke exposure increases oxidative stress in Wistar rats.  

 

Vitamin C supplementation was found to significantly reduce the mean serum MDA level compared to the 

cigarette smoke-exposed group (p = 0.009; Table 3). This indicates that vitamin C supplementation can reduce 

serum MDA levels caused by cigarette smoke exposure. However, the group administered garlic extract still 

showed persistently high mean MDA levels (Table 2). The same was observed with the combination of garlic 

extract and vitamin C. Although the mean MDA levels in the garlic extract group (both single and combination) 

appeared higher, the difference was not statistically significant (Table 3). In addition, the vitamin C group 

showed significant differences compared to all garlic extract groups, including the 50 mg/kg body weight dose, 

the 100 mg/kg body weight dose, and the combination with vitamin C (p = 0.008, p = 0.009, and p = 0.009, 

respectively; Table 3). These findings indicate that vitamin C exhibits superior antioxidant activity compared to 

garlic extract under conditions of prolonged exposure to cigarette smoke. 

 

Table 2. Serum MDA Levels Across Experimental Groups 

Group Mean ± SD Median P-value 

A 9.85 ± 6.02 9.16 0.001 

B 21.48 ± 1.15 21.82  

C 12.55 ± 4.32 12.68  

D 21.60 ± 0.23 21.76  

E 22.33 ± 1.46 22.01  

F 21.90 ± 3.30 19.93  

 

Notes: A: Normal; B: Cigarette smoke–induced (negative control); C: Vitamin C (positive control); D: Garlic 

extract 50 mg/kg BW; E: Garlic extract 100 mg/kg BW; F: Garlic extract + vitamin C 100 mg/kg BW. 

 

Table 3. Post Hoc Mann–Whitney U Test for Serum MDA Levels 
Group A B C D E F 

A  0.009* 0.347 0.008* 0.009* 0.009* 

B   0.009* 0.597 0.465 0.0917 

C    0.008* 0.009* 0.009* 

D     0.459 0.597 

E      0.602 

Notes: A: Normal; B: Cigarette smoke–induced (negative control); C: Vitamin C (positive control); D: Garlic extract 50 
mg/kg BW; E: Garlic extract 100 mg/kg BW; F: Garlic extract + vitamin C 100 mg/kg BW. 
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Figure 1. Comparison of Serum MDA Levels in Wistar Rats 

Notes: A: Normal; B: Cigarette smoke–induced (negative control); C: Vitamin C (positive control); D: Garlic 

extract 50 mg/kg BW; E: Garlic extract 100 mg/kg BW; F: Garlic extract + vitamin C 100 mg/kg BW. 

4.  DISCUSSION 

Garlic contains various bioactive compounds that have the potential to exert antioxidant and anti-inflammatory 

effects. This study confirmed the presence of flavonoids, alkaloids, saponins, steroids, triterpenoids, and 

quinones in garlic ethanol extract through phytochemical analysis. El-Khamissi et al. reported that garlic extract 

contains flavonoids, phenols, saponins, terpenoids, and steroids associated with free radical scavenging activity. 

Meanwhile, Deepa et al. reported that garlic contains organosulfur compounds, flavonoids, and phenols. 

Flavonoids and phenolic compounds are known to donate electrons to stabilize free radicals and inhibit lipid 

peroxidation, whereas organosulfur compounds such as allicin, diallyl sulfide, and diallyl disulfide play a role in 

modulating inflammatory pathways and oxidative stress. The combination of these various bioactive compounds 

is thought to contribute to garlic’s antioxidant activity in reducing oxidative damage caused by ROS [23, 24]. 

In this study, exposure to cigarette smoke was found to increase serum MDA levels, indicating increased 

oxidative stress and lipid peroxidation. These findings are consistent with previous research showing that 

cigarette smoke stimulates excessive ROS production, thereby exceeding the capacity of the endogenous 

antioxidant system. Exposure to cigarette smoke can activate oxidative and inflammatory pathways through 

mitochondrial dysfunction and redox-sensitive signaling pathways, ultimately leading to cellular damage. The 

accumulation of ROS can also trigger the activation of inflammatory cells and NADPH oxidase (NOX) activity, 

thereby exacerbating superoxide formation and oxidative damage in lung tissue [7, 26].  

In this study, vitamin C administration reduced serum MDA levels following repeated exposure to cigarette 

smoke by donating electrons to stabilize reactive molecules and inhibit the oxidative chain reaction that causes 

lipid membrane damage [27, 28]. This is consistent with previous studies showing a reduction in MDA levels 

following vitamin C administration under conditions of oxidative stress. Meanwhile, administration of garlic 

extract at doses of 50 mg/kg body weight and 100 mg/kg body weight failed to reduce MDA levels in mice 

exposed to cigarette smoke. This may be because the prolonged cigarette smoke exposure in this study exceeded 

the antioxidant capacity of the administered garlic extract. Another possible explanation is the dual biological 

activity of certain organosulfur compounds in garlic. Under specific conditions, compounds such as diallyl 

sulfide (DAS), diallyl disulfide (DADS), and diallyl trisulfide (DATS) can act as pro-oxidants through redox-

related reactions that actually increase ROS formation [29, 30]. 

The administration of a combination of garlic extract and vitamin C in this study also did not result in a decrease 

in MDA levels. This is because the interaction between vitamin C and garlic derivatives may affect antioxidant 

activity, thereby reducing the effectiveness of the combination. Khaira et al. (2019) also reported similar results, 

indicating that the combination of garlic extract and vitamin C did not exert a biological effect on Candida 

albicans [30][31]. 

A limitation of this study is the lack of quantitative measurement of active garlic compounds such as allicin and 

alliin, so the relationship between active compound levels and antioxidant activity cannot yet be confirmed [32]. 
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Other markers of oxidative stress and endogenous antioxidant enzymes such as superoxide dismutase (SOD), 

glutathione peroxidase (GPx), and catalase were also not measured. Evaluation of these parameters could 

provide a more comprehensive understanding of the mechanisms of oxidative stress and the antioxidant 

response following exposure to cigarette smoke. 

5.  CONCLUSIONS 

The results of this study indicate that prolonged exposure to cigarette smoke can increase oxidative stress in 

Wistar rats. Administration of antioxidants such as vitamin C can reduce this oxidative stress, particularly under 

conditions of excessive cigarette smoke exposure. However, administration of garlic extract, either alone or in 

combination with vitamin C, has not yet been shown to reduce serum MDA levels. 
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