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Abstract 

Atherosclerosis is a chronic inflammatory disease involving hyperlipidemia, inflammation, and oxidative stress as 

the main mechanisms. Standard therapies such as statins are not fully effective in preventing the development of 

atherosclerosis, so additional therapies are still needed. Allium ascalonicum L extract contains quercetin, kaempferol, and 

allicin, which have antioxidant potential. Objective: To analyze the therapy of Allium ascalonicum L extract variety Bima, 

sourced from local farmers in Brebes, Central Java, Indonesia combined with atorvastatin, which has not been specifically 

studied in a rat model of atherosclerosis, the duration of long-term therapy (12 weeks), and to analyze complete and 

integrated molecular variables. This study simultaneously analyzed oxidative stress and histopathology variables, 

including serum Nrf2, tissue Nrf2, SOD, and coronary artery histopathology, which are potential therapeutic targets in 

atherosclerosis, and assessed the correlation between serum Nrf2 and tissue Nrf2, which has not been done in previous 

studies. Methods: The in vivo experimental study was conducted using rat fed an atherogenic diet to induce atherosclerosis. 

Treatment groups received Allium ascalonicum L extract and/or atorvastatin for 12 weeks. Results: Allium ascalonicum 

L extract therapy significantly increased serum Nrf2, tissue Nrf2, and SOD levels (p < 0.05), and histopathology showed 

a decrease in the degree of atherosclerosis and coronary artery wall thickness. The best effect of Allium ascalonicum L 

extract was seen in group P3, which was induced with an atherogenic diet and given combination therapy with 500 

mg/kgBW of Allium ascalonicum L extract and 0.9 mg/kgBW of atorvastatin. A very strong correlation was found 

between serum Nrf2 and tissue Nrf2 (r: 0.865). In conclusion, Allium ascalonicum L extract has been proven effective as 

a preventive therapy in reducing oxidative stress and improving coronary artery histopathology in rat models of 

atherosclerosis. Serum Nrf2 marker can be proposed as a marker for monitoring atherosclerosis therapy. 
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Introduction 

 Atherosclerosis is a chronic inflammatory disease 

involving lipids, thrombosis, vascular walls, and  

 

immune cells. It is the primary cause of hardening and 

narrowing of the arteries, leading to cardiovascular 
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disease. The global prevalence of atherosclerosis is 

estimated to be around 1.4% of the adult population, and 

its prevalence increases with age, accounting for about 

31% of deaths. The World Health Organization (WHO) 

estimates that atherosclerosis by 2030 will be the cause 

of the most morbidity and mortality, especially in 

developed countries due to unhealthy lifestyle changes, 

so atherosclerosis is a major public health problem [1]. 

The pathogenesis of atherosclerosis involves 

multiple complex systems, including hyperlipidemia, 

chronic inflammation, oxidative stress, and endothelial 

dysfunction [2]. Oxidative stress, which results from an 

imbalance between free radical production and the 

antioxidant defense system, plays a key role in cellular 

and vascular tissue damage [3]. Nuclear factor erythroid 

2-related factor 2 (Nrf2) and superoxide dismutase 

(SOD) are important components in the antioxidant 

defense system that play a role in protecting cells from 

oxidative stress. Atherosclerosis causes 

histopathological changes of the coronary artery, which 

are key parameters in evaluating the development of 

atherosclerosis and the effectiveness of therapy [4].  

Allium ascalonicum L extract has a high content of 

flavonoids and phenolics, especially quercetin and 

kaempferol, also containing organosulfur such as allicin. 

Feng et al. [5] researched the effect of kaempferol on 

lipid profile, oxidative stress, and inflammation in 

atherosclerosis. Research by Liu et al. [6] and Yang et al. 

[7] examines the effect of allicin on lipid profiles, 

oxidative stress, apoptosis, and plaque size in 

atherosclerosis. 

Quercetin and kaempferol are natural flavonoid 

components that have pharmacological mechanisms as 

strong anti-cholesterol, anti-inflammatory, and powerful 

antioxidants, so that they can prevent atherosclerosis [8] 

Quercetin and kaempferol can activate the Nrf2-

antioxidant element response (ARE) pathway so that 

they can activate a series of antioxidant enzymes such as 

superoxide dismutase (SOD), the most important 

antioxidant in cardiomyocytes [9,10] Quercetin and 

kaempferol play a role in inhibiting the activity of NFkB 

transcription factors so that they can reduce pro-

inflammatory cytokines, such as IL-1β, also act as 

antioxidants, inhibit the COX2 enzyme and regulate the 

MAPK pathway [11] Allicin is the main organosulfur in 

Allium ascalonicum L extract which functions as an anti-

cholesterol, improves endothelial function, anti-platelet, 

and reduces oxidative stress by lowering 

malondialdehyde (MDA) levels, increasing SOD levels, 

nitric oxide (NO), endothelial nitric oxide synthase 

(eNOS), Nrf2 and heme oxygenase-1 ( HO-1) [12].  

In addition to using standard therapy, additional 

therapies are also needed to prevent atherosclerosis from 

using standard therapies that play a role in the various 

stages of atherosclerosis pathogenesis. The role of 

Allium ascalonicum L extract in the prevention of 

atherosclerosis has not been widely researched, and it is 

still unclear to understand its molecular mechanisms, 

especially against oxidative stress in coronary arterial 

atherosclerosis. This study aimed to determine whether 

Allium ascalonicum L extract plays a role in the 

pathogenesis of oxidative stress in coronary artery 

atherosclerosis. 

 

Materials and methods 

Research design and research samples 

This study was an in vivo experimental study using 

36 male Sprague-Dawley rat divided into 6 groups, 

using a randomization. The rat were induced with an 

atherogenic diet and simultaneously given therapy for 

12 weeks with Allium ascalonicum L extract (500 

mg/KgBW), atorvastatin (0.9 mg/KgBW), or a 

combination of both. Blood samples were taken on day 

0 and week 12 of treatment for serum Nrf2 and SOD 

examinations, and coronary artery tissue samples were 

taken at week 12 for tissue Nrf2 examination and 

histopathology. The animal handling procedure is 

approved by the Research Ethics Committee of the 

Faculty of Veterinary Medicine, Gadjah Mada 

University, Indonesia (approval documents number 

10/EC-FKH/int/2025). 

 

Plant sources and extract preparations 

Raw material Allium ascalonicum L extract variety 

Bima, sourced from local farmers in Brebes, Central 

Java, Indonesia. The material was confirmed to be 

Allium ascalonicum L of the family Amaryllidaceae 

(document number TL.02.04/D.XI.6/347.015/2025). 

Fresh Allium ascalonicum L is dried for 48 h at 40 °C, 

made into a powder, then macerated with a mixture of 

70% ethanol and water solvent for 72 h at room 

temperature. Allium ascalonicum L powder was 

extracted separately with 70% ethanol using 

microwave-assisted extraction for 30 min, followed by 
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filtration and evaporation with a rotary vacuum 

evaporator. The extract was then concentrated using a 

water bath at 70 °C to obtain the final Allium 

ascalonicum L extract [13,14]. 

The dosage and duration of the extract used were 

based on previous studies and preliminary research. 

Studies by Muradabadi et al. (2013) and Tran et al. 

(2020) reported that the effects of Allium ascalonicum L 

extract were most optimal after administration for 8 - 12 

weeks, at doses of 250 and 500 mg/kgBW/day. The 

researchers conducted preliminary studies to determine 

the optimal dose of Allium ascalonicum L extract by 

assessing the effects of the extract at doses of 250, 500, 

and 750 mg/kgBW in rat models of atherosclerosis 

induced by an atherogenic diet. The assessment of the 

optimal dose of Allium ascalonicum L using laboratory 

and histopathological parameters showed that at a dose 

of 500 mg/kgBW for 12 weeks, the lipid profile was the 

best and the SOD level was the highest. 

Histopathological examination also showed a lower 

degree of atherosclerosis and coronary artery wall 

thickness compared to the other dose groups. 

 

Induction of atherogenic diets and research 

protocols 

Male Sprague-Dawley rat were fed an atherogenic 

diet containing 2% cholesterol, 0.2% cholic acid and 5% 

lard oil daily for 12 weeks. The rat were divided into 6 

groups, namely the normal group (N), the negative 

control group/KN (atherogenic diet), the positive control 

group/KP (atherogenic diet and atorvastatin therapy 0.9 

mg/kgBW), the P1 group (atherogenic diet and Allium 

ascalonicum L extract therapy 500 mg/kgBW), the P2 

group (atherogenic diet and combination therapy of Allium 

ascalonicum L extract 250 mg/kgBW and atorvastatin 

0.45 mg/kgBW), and the P3 group (atherogenic diet and 

combination therapy of Allium ascalonicum L extract 500 

mg/kgBW and atorvastatin 0.9 mg/kgBW).  

 

Sample collection and biochemical analysis 

Nrf2 examination using serum samples and 

coronary artery tissue samples, using the Sandwich-

ELISA method using Rat Nuclear Factor, Erythroid 

Derived 2, Like 2 (NFE2L2) ELISA Kit Reed Biotech 

Ltd. SOD examination using the Water-Soluble 

Tetrazolium Salt-1 (WST-1) method and Biovision Total 

Superoxide dismutase (T-SOD) Activity Assay Kit 

reagent. Histopathological examination of Coronary 

Arteries detects blood vessel damage as a sign of 

atherosclerosis, then assesses the degree of 

atherosclerosis using a scoring system. 

1) Score 0: Normal, no vascular changes, or 

diffuse and uniform thickening of the inner intima. 

2) Score 1: Fat cells accumulate in the deepest part 

of the intima, with macrophages and foam cells present. 

3) Score 2: Smooth muscle proliferation, medial 

lipid infiltration, fibrosis/calcification, and increasingly 

prominent adipocytes. 

4) Score 3: Surface damage in the form of fissures, 

ulcers, hematomas, thrombi, and thick, full adipocytes, 

which may be accompanied by foam cells. 

 

Statistical analysis 

This study used the Shapiro-Wilk normality test 

and Leveneʼs homogeneity test. Statistical analysis of 

the difference between the pretest and posttest groups 

used the Analysis of Variation (ANOVA) test if the data 

distribution was normal and homogeneous, or the 

Kruskall Wallis test if the data distribution was not 

normal and not homogeneous. If the results are 

significant, a post hoc test is performed. Statistical 

analysis of differences within the pretest and posttest 

groups uses the Paired T-Test if the data distribution is 

normal and homogeneous, or the Wilcoxon test if the 

data distribution is not normal and not homogeneous. 

The correlation between serum Nrf2 and tissue Nrf2 is 

assessed using the Pearson correlation test (if the data 

distribution is normal) or the Spearmanʼs rank 

correlation test (if the data distribution is not normal). 

Data analysis uses the Software Package for Social 

Science (SPSS) version 26. 

 

Results and discussion 

Allium ascalonicum L extract on serum Nrf2 

levels 

Post-test serum Nrf2 levels were increased in the 

P1, P2, and P3 groups, with the highest posttest serum 

Nrf2 levels found in the P3 group (Table 1, Figure 1). 

Significant pre-post-test differences were found in all 

groups, except group N. Significant differences were 

found between the six groups. Post-hoc analysis found 

significant differences between posttest serum Nrf levels 

in P1 - P3 and group N with p < 0.001, indicating that 

the treatment did not achieve the same results as group 

N. 
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Table 1 Test of the differences in the effects of Allium ascalonicum L extract on serum Nrf2 levels in rat models of 

atherosclerosis. 

Group 
Nrf2 (pg/mL) 

Pretest 

Nrf2 (pg/mL)  

Post-test 
p - value Delta (Δ) 

N 

KN 

KP 

P1 

P2 

P3 

p - value 

31.92 ± 1.28 

29.15 ± 1.21 

41.52 ± 3.52 

30.32 ± 1.31 

37.52 ± 10.41 

32.09 ± 1.96 

0.002b* 

32.52 ± 6.91 

19.69 ± 2.84 

29.59 ± 4.18 

45.79 ± 4.63 

57.52 ± 5.88 

72.72 ± 0.86 

< 0.001b* 

0.244d 

0.028d* 

0.028d* 

0.028d* 

0.027d* 

0.026d* 

 

0.80 ± 6.33 

‒9.44 ± 2.47 

‒11.00 ± 5.06 

15.47 ± 5.49 

19.40 ± 6.44 

40.70 ± 2.26 

< 0.001* 

Note: N: Normal; KN: Negative control (atherogenic diet); KP: Positive control (atherogenic diet and administration of 

atorvastain 0.9 mg/KgBW); P1: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 500 

mg/KgBW; P2: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 250 mg/kgBW and 

atorvastatin 0.45 mg/KgBW; P3: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 500 

mg/KgBW and atorvastatin 0.9 mg/KgBW; *: Significant at p < 0.05; b: Kruskal Wallis Test; d: Wilcoxon Test. 

 

 

 
Figure 1 Bar graphs of mean serum Nrf2 values. 

Note: *: Significant at p < 0.05; **: Significant at p < 0.001. 
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Tabel 2 Post hoc test of posttest serum Nrf2 levels. 

(I) Group (J) Group Mean Difference (I - J) p - value 

N 

KN 13.03333* <0.001** 

KP 3.13333 0.253 

P1 ‒13.06667* <0.001** 

P2 ‒25.00000* <0.001** 

P3 ‒40.06667* <0.001** 

KN 

KP ‒9.90000* 0.001* 

P1 ‒26.10000* <0.001** 

P2 ‒38.03333* <0.001** 

P3 ‒53.10000* <0.001** 

KP 

P1 ‒16.20000* <0.001** 

P2 ‒28.13333* <0.001** 

P3 ‒43.20000* <0.001** 

P1 
P2 ‒11.93333* <0.001** 

P3 ‒27.00000* <0.001** 

P2 P3 ‒15.06667* <0.001** 

Note: N: normal; KN: Negative control (atherogenic diet); KP: Positive control (atherogenic diet and administration of 

atorvastain 0.9 mg/KgBW); P1: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 500 

mg/KgBW; P2: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 250 mg/KgBW and 

atorvastatin 0.45 mg/KgBW; P3: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 500 

mg/KgBW and atorvastatin 0.9 mg/KgBW; *: Significant at p < 0.05; **: Significant at p < 0.001. 

 

 

An atherogenic diet can suppress Nrf2 due to 

chronic oxidative stress. Nuclear factor erythroid 2-

related factor 2 is a key transcription factor in the 

cellular defense against oxidative stress [15,16]. The 

results of this study showed a significant increase in 

serum Nrf2 levels after administration of Allium 

ascalonicum L extract. Nrf2 activation occurs when 

oxidative stress increases, which causes Nrf2 to move 

into the cell nucleus and activates the expression of 

antioxidant genes such as SOD and HO-1 [17]. Allium 

ascalonicum L extract contains quercetin which is an 

active ingredient capable of regulating Nrf2 activation 

through the PI3K/Akt and MAPK pathways [18].  

The increase in serum Nrf2 in this study 

strengthens the evidence that Allium ascalonicum L 

extract, in addition to having a direct antioxidant effect, 

can also activate cellular defense mechanisms through 

Nrf2. The time of atherosclerosis induction greatly 

affects Nrf2 levels. The longer the induction, the lower 

the levels. Nuclear factor erythroid 2-related factor 2 is 

a transcription factor that is predominantly active in the 

cell nucleus. Therefore, its levels in serum are relatively 

low and not always consistently detected. Nuclear factor 

erythroid 2 is related to factor 2, not a primary 

circulating protein. Therefore, its levels are not as high 

as in the tissue. 

 

Allium ascalonicum L extract on tissue Nrf2 

levels 

The highest levels of tissue Nrf2 examination was 

obtained at P3 group (Table 3, Figure 2). The ANOVA 

test yielded significant results between groups (p = 
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0.004). Post hoc test obtained significant differences 

between the N group and KN, P2, P3; the KP group 

against P1 - P3; the KN group against P1 - P3; the P1 

group against P2 and P3; and the P2 group against P3 

(Table 4). In this study, the Spearman Rank correlation 

test for Nrf2 levels in serum and tissue obtained 

significant results (p < 0.001) with a strong correlation 

strength (r = 0.865).

 

Table 3 Test of the differences in the effects of Allium ascalonicum L extract on tissue Nrf2 levels in rat models of 

atherosclerosis.  

Group Tissue Nrf2 (pg/mL) Mean ± SD p - value 

N 

KN 

KP 

P1 

P2 

P3 

371.20 ± 44.75 

205.68 ± 23.12 

320.89 ± 49.14 

407.29 ± 49.29 

506.69 ± 65.99 

645.68 ± 58.68 

0.004a* 

 

 

 

 

 

Note: N: Normal; KN: Negative control (atherogenic diet); KP: Positive control (atherogenic diet and administration of 

atorvastain 0.9 mg/KgBW); P1: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 500 

mg/KgBW; P2: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 250 mg/kgBW and 

atorvastatin 0.45 mg/KgBW; P3: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 500 

mg/KgBW and atorvastatin 0.9 mg/KgBW; *: Significant at p < 0.05; a: ANOVA Test. 

 

 
Figure 2 Bar graphs of the mean value of tissue Nrf2. 

Note: *: Significant at p < 0.05; **: Significant at p < 0.001. 
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Table 4 Post hoc test of tissue Nrf2 levels. 

(I) Group (J) Group Mean Difference (I - J) p - value 

N 

KN 165.52333* <0.001** 

KP 50.30833 0.093 

P1 ‒36.08500 0.224 

P2 ‒135.48833* <0.001** 

P3 ‒274.47333* <0.001** 

KN 

KP ‒115.21500* <0.001** 

P1 ‒201.60833* <0.001** 

P2 ‒301.01167* <0.001** 

P3 ‒439.99667* <0.001** 

KP 

P1 ‒86.39333* 0.006** 

P2 ‒185.79667* <0.001** 

P3 ‒324.78167* <0.001** 

P1 
P2 ‒99.40333* 0.0002* 

P3 ‒238.38833* <0.001** 

P2 P3 ‒138.98500* <0.001** 

Note: N: Normal; KN: Negative control (atherogenic diet); KP: Positive control (atherogenic diet and administration of 

atorvastain 0.9 mg/KgBW); P1: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 500 

mg/KgBW; P2: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 250 mg/KgBW and 

atorvastatin 0.45 mg/KgBW; P3: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 500 

mg/KgBW and atorvastatin 0.9 mg/KgBW; *: Significant at p < 0.05; **: Significant at p < 0.001. 

 

 

Nrf2 levels in the coronary tissue increased 

significantly after administration of Allium ascalonicum 

L extract. These results indicate that the extract not only 

works systemically but also has a local effect on 

atherosclerotic target tissues. Allicin is known to be 

effective in reducing inflammatory markers such as IL-

6 and TNF-α, as well as reducing oxidative stress 

through Nrf2 activation, lowering lipid profiles, and 

improving blood vessel function. A study by Jiang et al. 

[19] also showed that allicin from Allium ascalonicum L 

extract increased the expression of Nrf2 and HO-1 in the 

heart tissue of ApoE-/- rat, improved coronary artery 

histopathology, and reduced plaque size. Local 

activation of Nrf2 plays a major role in preventing 

endothelial cell apoptosis and improving vascular 

function [20]. This local effect strengthens the 

hypothesis that Allium ascalonicum L acts as an anti-

atherosclerotic therapeutic agent not only at the systemic 

level but also directly improves vascular microstructures. 

Increased serum Nrf2 levels, tissue Nrf2, and SOD 

activity indicate an increase in endogenous antioxidant 

capacity, in response to decreased vascular oxidative 

stress. Nrf2 activation occurs through the release of 

KEAP1 and activation of the PI3K/AKT and MAPK 

pathways, according to molecular findings in previous 

studies. 

 

Correlation of serum Nrf2 and tissue Nrf2 

levels 

The method to determine the correlation between 

serum Nrf2 levels and tissue Nrf2 levels is by assessing 

the correlation using the Spearman Rank correlation 

test. The results of the correlation test can be seen in 

Table 5. There was a significant correlation between 
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serum Nrf2 and tissue Nrf2 (p = < 0.001) with a strong 

correlation rate (0.865). These results suggest that serum 

samples could represent coronary artery tissue for Nrf2 

examination, as Nrf2 tissue sampling is invasive and 

difficult to apply in clinical studies. This study is in 

accordance with the research [21], which used blood 

Nrf2 as a biomarker, and the research [22] reported that 

serum Nrf2 levels and Nrf2 expression of kidney tissue 

were both elevated in lupus nephritis.

 

 

Table 5 Correlation test of serum Nrf2 levels and tissue Nrf2 levels. 

Variable Correlation coefficient p - value 

Serum Nrf2 levels – Tissue Nrf2 levels 0.865 <0.001e* 

 

Note: * Significant at p < 0.05; e: Spearman Rank Test. 

 

 

Local oxidative stress in the coronary arteries can 

affect biomarkers in circulation. Local oxidative stress 

conditions in atherosclerosis cause significantly 

increased production and translocation of Nrf2, and 

some of the proteins may be released systemically so 

that it is measurable in the blood. The mechanism of 

Nrf2/KEAP1 regulation and antioxidant effects can also 

trigger a systemic response that can increase serum Nrf2 

levels [23].  

 

Allium ascolanicum L extract on SOD levels 

The SOD level test results showed that the P3 

group was able to maintain good SOD levels. (Table 6, 

Figure 3). ANOVA analysis revealed significant 

differences between the pretest and posttest groups. 

Significant intergroup differences in pre-test values 

were observed, except in the P3 group. Post hoc analysis 

(Table 7) demonstrated significant differences between 

post-test groups (p < 0.001), except between P1 and P2.

 

Table 6 Differential test of the effect of Allium ascalonicum L extract on serum SOD levels in rat models of atherosclerosis. 

Group SOD (%) Pretest SOD (%) Posttest p - value Delta (Δ) 

N 

KN 

KP 

P1 

P2 

P3 

p - value 

90.48 ± 4.58 

85.24 ± 3.69 

86.19 ± 4.58 

85.10 ± 3.77 

85.48 ± 4.08 

85.95 ± 5.45 

0.985a 

90.22 ± 4.60 

37.70 ± 2.58 

56.67 ± 5.19 

66.19 ± 3.13 

67.58 ± 1.57 

81.33 ± 3.29 

< 0.001a* 

0.028c* 

0.027c* 

0.028c* 

0.028c* 

0.028c* 

0.173c 

 

‒0.26 ± 0.04 

‒47.54 ± 4.88 

‒29.52 ± 5.28 

‒18.91 ± 5.20 

‒17.90 ± 5.39 

‒4.63 ± 6.32 

< 0.001* 

Note: N: Normal; KN: Negative control (atherogenic diet); KP: Positive control (atherogenic diet and administration of 

atorvastain 0.9 mg/KgBW); P1: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 500 

mg/KgBW; P2: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 250 mg/kgBW and 

atorvastatin 0.45 mg/KgBW; P3: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 500 

mg/KgBW and atorvastatin 0.9 mg/KgBW; *: Significant at p < 0.05; a: ANOVA Test; c: Paired-t test. 
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Figure 3 Bar graphs of the mean value of SOD. 

Note: *: Significant at p < 0.05; **: Significant at p < 0.001. 

 

 

Table 7 Post hoc test of post serum SOD levels. 

(I) Group (J) Group Mean Difference (I - J) (%) p - value 

N 

KN 52.52333* <0.001** 

KP 33.55167* <0.001** 

P1 24.03333* <0.001** 

P2 22.64000* <0.001** 

P3 8.89167* <0.001** 

KN 

KP ‒18.97167* <0.001** 

P1 ‒28.49000* <0.001** 

P2 ‒29.88333* <0.001** 

Pretest 

Posttest 

** 

** 

** 

** 
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(I) Group (J) Group Mean Difference (I - J) (%) p - value 

P3 ‒43.63167* <0.001** 

KP 

P1 ‒9.51833* <0.001** 

P2 ‒10.91167* <0.001** 

P3 ‒24.66000* <0.001** 

P1 
P2 ‒1.39333 0.508 

P3 ‒15.14167* <0.001** 

P2 P3 ‒13.74833* <0.001** 

Note: N: Normal; KN: Negative control (atherogenic diet); KP: Positive control (atherogenic diet and atorvastatin 0.9 

mg/kgBW); P1: Atherogenic diet and Allium ascalonicum L extract 500 mg/kgBW; P2: Atherogenic diet and Allium 

ascalonicum L extract 250 mg/kgBW and atorvastatin 0.45 mg/kgBW; P3: Atherogenic diet and Allium ascalonicum L 

extract 500 mg/kgBW and atorvastatin 0.9 mg/kgBW; *: Significant at p < 0.05; **: Highly significant at p < 0.001. 

 

 

Oxidative stress plays a major role in the 

pathogenesis of atherosclerosis through the formation of 

ROS and LDL oxidation. Superoxide dismutase is the 

main defense enzyme against ROS, while Nrf2 acts as a 

major transcription factor that regulates the expression 

of various antioxidant enzymes. Oxidative stress leads 

to endothelial cell damage, accompanied by 

inflammatory processes, thereby triggering endothelial 

dysfunction, which contributes to the initiation and 

progression of atherosclerosis. A high-fat diet reduces 

SOD activity due to chronic oxidative stress, with SOD 

activity in atherosclerosis potentially decreasing by up 

to 40% - 50% compared to controls [24].  

The significant increase in SOD and Nrf2 levels 

after administration of Allium ascalonicum L extract in 

this study indicates the activation of endogenous 

antioxidant pathways. Wang et al. [25] study reported 

that activation of Nrf2 by flavonoids can increase SOD 

expression and inhibit atherosclerotic plaque formation 

in rat. Queretin is also known to activate Nrf2 expression 

through kinase modules such as PI3K/Akt and MAPK 

[26]. This study shows that administration of Allium 

ascalonicum L extract can significantly increase serum 

SOD levels. Administration of Allium ascalonicum L 

extract can restore and increase serum SOD activity to 

near or exceed normal control values, demonstrating its 

protective role against oxidative stress caused by an 

atherogenic diet. Superoxide dismutase can be used as a 

biomarker in oxidative stress because it is the main 

enzymatic antioxidant that functions to neutralize 

superoxide anions into hydrogen peroxide [27]. 

Quercetin and kaempferol in Allium ascalonicum L have 

been shown in many studies to increase SOD both 

through direct activation and through Nrf2 induction 

[26].  

 

Allium ascolanium L extract on coronary artery 

histopathology 

The results showed the most severe degree of 

atherosclerosis in the KN group and the best results in 

the N group. Post intervention found the best degree of 

atherosclerosis in the P3 group. Meanwhile, in the 

coronary artery thickness examination, the best results 

were obtained in the N group and heaviest in the KN 

group. Post intervention found the best results in the P3 

group. On the parameters of the degree of 

atherosclerosis and the thickness of coronary blood 

vessels, similar results were found (Table 8, Figures 4 

and 5). The Kruskall Wallis test found significant results 

in the parameters of the degree of atherosclerosis and the 

thickness of coronary blood vessels. The post hoc test 

(Table 9) was significantly obtained in the N group 

against KN (p < 0.001), KP (p < 0.001), P1 (p = 0.001), 

P2 (p = 0.003); KN group against P1 (p = 0.036), P2 (p 

= 0.010), and P3 (p < 0.001); KP against P2 (p = 0.003); 

P1 versus P3 (p = 0.010); P2 versus P3 (p = 0.036). 
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Table 8 Differential test of the effect of Allium ascalonicum L extract on the degree of coronary artery atherosclerosis in 

rat atherosclerosis model. 

Variable / Group Median Modus Mean±SD p - value 

N 

KN 

KP 

P1 

P2 

P3 

0 

2 

1 

1 

1 

0 

0 

2 

1 

1 

1 

0 

0.00 ± 0.00 

1.83 ± 0.41 

1.33 ± 0.52 

1.17 ± 0.75 

1.00 ± 0.63 

0.33 ± 0.52 

0.002b* 

 

 

 

rat 

 

 

Note: N: Normal; KN: Negative control (atherogenic diet); KP: Positive control (atherogenic diet and administration of 

atorvastain 0.9 mg/KgBW); P1: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 500 

mg/KgBW; P2: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 250 mg/kgBW and 

atorvastatin 0.45 mg/KgBW; P3: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 500 

mg/KgBW and atorvastatin 0.9 mg/KgBW; *: Significant at p < 0.05; b: Kruskal Wallis Test. 

 

 

 
Figure 4 Bar graphs of the mean value of atherosclerosis degree. 

Note: *: Significant at p < 0.05; **: Significant at p < 0.001. 
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Table 9 Post hoc test of atherosclerosis degree. 

(I) Group (J) Group Mean Difference (I - J) p - value 

N 

KN ‒1.833* <0.001** 

KP ‒1.333* <0.001** 

P1 ‒1.167* 0.001* 

P2 ‒1.000* 0.003* 

P3 ‒0.333 0.282 

KN 

KP 0.500 0.111 

P1 0.667* 0.036* 

P2 0.833* 0.010* 

P3 1.500* <0.001** 

KP 

P1 0.167 0.588 

P2 0.333 0.282 

P3 1.000* 0.003* 

P1 

 

P2 0.167 0.588 

P3 0.833* 0.010* 

P2 P3 0.667* 0.036* 

Note: N: Normal; KN: Negative control (atherogenic diet); KP: Positive control (atherogenic diet and administration of 

atorvastain 0.9 mg/KgBW); P1: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 500 

mg/KgBW; P2: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 250 mg/KgBW and 

atorvastatin 0.45 mg/KgBW; P3: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 500 

mg/KgBW and atorvastatin 0.9 mg/KgBW; *: Significant at p < 0.05; **: Significant at p < 0.001. 

 

 Histopathological examination results showed that 

rat treated with Allium ascalonicum L extract had 

significantly lower coronary artery wall thickness and 

atherosclerotic lesion severity compared to the positive 

control group. These results of this study are in 

accordance with a study conducted by Yu et al. [28], 

which reported a decrease in cardiomyocyte 

hypertrophy, perivascular fibrosis, and interstitial 

fibrosis after quercetin administration [28]. 

Atherosclerotic plaques are characterized by thickening 

of the intima, lipid infiltration, migration of smooth 

muscle cells, and necrotic core formation. Quercetin can 

suppress vascular smooth muscle cell migration and 

prevent proliferation by suppressing ROS and the 

PI3K/Akt pathway [11,29]. Another study also reported 

that kaempferol improved intima-media thickness and 

inhibited arterial inflammation through the 

PI3K/Akt/Nrf2 pathway, supporting the 

histopathological findings in this study. Allicin can also 

increase Nrf2, and increased Nrf2 in tissues will enhance 

the protective effect against vascular damage [30]. 

Atherosclerosis causes changes in blood vessel 

walls, ranging from minor thickening to stenosis, which 

can lead to hemodynamic disturbances. The results of 

this study indicate that the greatest decrease in intimal 

thickness was found in coronary arteries in group P3 (p 

= 0.003). This is consistent with previous research [31] 

which states that quercetin administration will 

significantly reduce the area of atherosclerotic plaque, 

lipid accumulation and total cholesterol levels, and 

increase collagen fibers in atherosclerotic plaque. 

Quercetin is able to alleviate atherosclerotic lesions both 

in vivo and in vitro through the mechanisms of reducing 

cellular apoptosis and increasing mitochondrial 

membrane potential and simultaneously reducing free 

radicals or ROS. Increasing the dose of quercetin can 

significantly reduce the thickness of the intima layer of 

coronary blood vessels [29]. Tissue examination showed 

a reduction in the degree of atherosclerosis and coronary 
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artery wall thickness especially in the atherogenic diet 

group and combination therapy of Allium ascalonicum 

L extract 500 mg/KgBW and atorvastatin 0.9 mg/KgBW.

 

 

Table 10 Test of the differences in the effect of Allium ascalonicum L extract on the coronary artery thickness in rat 

models of atherosclerosis. 

Variable/ Group Coronary artery thickness (µm) Mean±SD p - value 

N 

KN 

KP 

P1 

P2 

P3 

134.74 ± 9.56 

268.29 ± 57.63 

210.58 ± 22.25 

164.09 ± 20.10 

158.32 ± 9.65 

139.68 ± 6.12 

<0.001b* 

 

 

Note: N: Normal; KN: Negative control (atherogenic diet); KP: Positive control (atherogenic diet and administration of 

atorvastain 0.9 mg/KgBW); P1: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 500 

mg/KgBW; P2: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 250 mg/kgBW and 

atorvastatin 0.45 mg/KgBW; P3: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 500 

mg/KgBW and atorvastatin 0.9 mg/KgBW; *: Significant at p < 0.05; b: Kruskal Wallis Test. 

 

 

 

Figure 5 Bar graphs of the mean value of coronary artery thickness. 

Note: *: Significant at p < 0.05; **: Significant at p < 0.001. 
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Table 11 Post Hoc test of coronary artery thickness. 

(I) Group (J) Group Mean Difference (I - J) p - value 

N 

KN ‒133.55167* <0.001** 

KP ‒75.83833* <0.001** 

P1 ‒29.34833 0.072 

P2 ‒23.58000 0.144 

P3 ‒4.94167 0.755 

KN 

KP 57.71333* 0.001* 

P1 104.20333* <0.001** 

P2 109.97167* <0.001** 

P3 128.61000* <0.001** 

KP 

P1 46.49000* 0.006* 

P2 52.25833* 0.002* 

P3 70.89667* <0.001** 

P1 
P2 5.76833 0.716 

P3 24.40667 0.131 

P2 P3 18.63833 0.245 

 

Note: N: Normal; KN: Negative control (atherogenic diet); KP: Positive control (atherogenic diet and administration of 

atorvastain 0.9 mg/KgBW); P1: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 500 

mg/KgBW; P2: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 250 mg/KgBW and 

atorvastatin 0.45 mg/KgBW; P3: Atherogenic diet and administration of Allium ascalonicum L extract at a dose of 500 

mg/KgBW and atorvastatin 0.9 mg/KgBW; *: Significant at p < 0.05; **: Significant at p < 0.001. 
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Figure 6 Results of histopathological examination of coronary arteries. 

Note: The difference in the coronary arteries thickness was measured by ImageRaster Application with the unit of μm. 

(a) the coronary arteries thickness of N group, (b) the coronary arteries thickness of KN group, (c) the coronary arteries 

thickness of KP group, (d) the coronary arteries thickness of P1 group, (e) the coronary arteries thickness of P2 group, (f) 

the coronary arteries thickness of P3 group. 

 
 

 A limitation of this study is that the administration 

of Allium ascalonicum L extract cannot yet be directly 

implemented in clinical practice; further research 

through human clinical trials is needed. The active 

compounds, such as quercetin, kaempferol, and allicin 

in the extract, were not quantitatively analyzed, thus 

limiting understanding of the effective dose and the 

specific role of each bioactive ingredient in the observed 

therapeutic effects. Further molecular evaluation, such 

as gene or protein expression in the Nrf2/KEAP1 

pathway or the NLRP3 inflammasome, was not 

performed, which could strengthen evidence for the 

mechanism of action. 

 

Conclusions 

Based on this study, it can be concluded that 

Allium ascalonicum L extract has the potential to be a 

preventive therapy for atherosclerosis through 

antioxidant mechanisms. This study strengthens the 

evidence that Allium ascalonicum L reported to contain 

active compound, which can decrease oxidative stress, 

as well as improve the endogenous defense system 

through Nrf2 activation and SOD levels. Allium 
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ascalonicum L extract can be considered as a 

combination therapy with statin drugs, as it has a 

synergistic effect in the prevention of atherosclerosis. 

The serum Nrf2 marker can be proposed as a marker for 

monitoring atherosclerosis therapy. Further research in 

humans is needed to ensure the effectiveness and safety 

of Allium ascalonicum L extract in preventing 

atherosclerosis, especially in high-risk populations. 

Quantitative bioactive content analysis of quercetin, 

kaempferol and allicin in the extract needs to be 

performed to ensure the optimal dosage and 

pharmacological potential of each compound as well as 

exploration of molecular pathways such as gene 

expression or Nrf2/KEAP1 proteins will be very useful 

in strengthening the evidence of its molecular 

mechanism pathways. 
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