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ABSTRACT 

	Background:  Hyperlipidemia, exacerbated by high-fat diet and cigarette smoke exposure, is a key risk factor for cardiovascular diseases, and Avicennia marina fruit extract may offer promising hypolipidemic benefits as a natural therapeutic agent.
Aims: To evaluate the hypolipidemic effect of ethanol extract of Avicennia marina fruit (EEAF) in hyperlipidemic rats induced by a combination of a high-fat diet and cigarette smoke exposure, based on total cholesterol and triglyceride levels.
Study design:  In vivo experimental study
Place and Duration of Study: STIFAR Yayasan Pharmasi Semarang, between October and November 2025. 
Methodology: An in vivo experimental study was conducted using 25 male Wistar rats. Hyperlipidemia was induced by administering a high-fat diet consisting of quail egg yolk and lard (1:1; 15 mL/kg body weight) combined with cigarette smoke exposure (30 cigarettes/10 rats/day) for 17 days. Rats were randomly divided into five groups (n = 5): negative control (0.5% Na-CMC), positive control (atorvastatin 2.52 mg/kg body weight), and EEAF-treated groups (30, 60, and 120 mg/kg body weight). Treatments were administered orally once daily for 28 days. Serum total cholesterol and triglyceride levels were measured using enzymatic colorimetric methods.
Results: Induction significantly increased total cholesterol and triglyceride levels by 159.66 ± 64.30% and 121.88 ± 92.84%, respectively (p < 0.05). EEAF significantly reduced total cholesterol at all doses, with reductions of 47.72 ± 11.20%, 50.90 ± 2.78%, and 58.51 ± 8.69% (p < 0.05 for 30 and 60 mg/kgBW; p < 0.01 for 120 mg/kgBW). Triglyceride levels were reduced by 31.61 ± 27.57%, 46.87 ± 9.18%, and 59.16 ± 13.40%, with significant reductions observed at doses of 60 mg/kgBW (p < 0.05) and 120 mg/kgBW (p < 0.01) compared to the negative control. 
Conclusion: EEAF demonstrated significant hypolipidemic activity by reducing total cholesterol and triglyceride levels in hyperlipidemic rats. These findings suggest its potential as a natural agent for improving lipid profiles; however, further studies are required to confirm its safety and underlying mechanisms.Top of Form
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1. INTRODUCTION 

Cardiovascular diseases remain the leading cause of mortality worldwide, accounting for approximately 32% of all deaths, of which 85% are attributed to myocardial infarction and stroke. In Indonesia, the prevalence of cerebrovascular disease is 20.7%, while ischemic heart disease accounts for 14.9%. Dyslipidemia is a major contributor to global morbidity and mortality, serving as a primary etiological factor for cardiovascular diseases and related conditions, including atherosclerotic cardiovascular disease (Fularski et al., 2023). 
Natural products are known to contain various bioactive secondary metabolites, such as polyphenols, flavonoids, and alkaloids, which play important roles in the regulation of lipoprotein metabolism and lipid homeostasis. These effects are mediated through several mechanisms, including increased endothelial nitric oxide synthase (eNOS) activity, modulation of reactive oxygen species (ROS), reduced lipid biosynthesis, decreased oxidized low-density lipoprotein (LDL) levels, inhibition of lipid plaque formation, enhanced cholesterol efflux, and reduced platelet activity (Alalawi et al., 2023).
A high-fat diet can disrupt lipid homeostasis and induce dyslipidemia. This condition is associated with increased hepatic lipogenesis and insulin resistance, leading to impaired apolipoprotein B (ApoB) synthesis and very low-density lipoprotein (VLDL) production. It also promotes hepatic steatosis, reflecting abnormal lipid redistribution due to the limited storage capacity of adipose tissue, which ultimately contributes to systemic metabolic disorders. Moreover, increased lipid peroxidation resulting from a high-fat diet can induce oxidative stress (Di Majo et al., 2023). In addition to dietary factors, cigarette smoke exposure has been shown to exacerbate metabolic disturbances, leading to increased lipid profiles, body weight, and blood pressure  (Al-Sawalha et al., 2020).
The progression of metabolic disorders such as dyslipidemia may be mitigated through natural products with synergistic biological activities, including anti-inflammatory, antioxidant, and antihyperlipidemic effects. The fruit of Avicennia marina has been reported to contain phenolic compounds and phenylethanoid glycosides with potent antioxidant and anti-inflammatory properties (palupi et al., 2025; setiyabudi et al., 2022). Phenolic compounds derived from caffeic acid in A. marina fruit have demonstrated strong in vitro antioxidant activity using the DPPH method, with an IC₅₀ value of 8.72 µg/mL (girsang et al., 2020). Phenylethanoid glycosides exhibit anti-inflammatory activity through free radical scavenging and show significant antioxidant effects, as evidenced by reduced malondialdehyde (MDA) and nitric oxide (NO) levels, along with increased activity of endogenous antioxidant enzymes such as superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) (yi et al., 2020). Additionally, diethylhydroxylamine compounds present in A. marina have been reported to inhibit hepatic lipid peroxidation (eldohaji et al., 2020)
However, despite the reported antioxidant and anti-inflammatory properties of avicennia marina, its potential effects on lipid profile improvement under conditions of diet- and smoke-induced dyslipidemia remain unclear. Therefore, this study aims to evaluate the antihyperlipidemic effects of Avicennia marina fruit extract in an experimental model.


2. material and methods 


2.1 Materials and Equipments

Material for extraction is Technical grade ethanol 96%. Materials for screening phytochemical include: TLC layer, FeCl3 5%, Mg powder, Amyl alchohol, Liebermann-Burchard, Mayer, Hager, Glacial acetic acid, Chloroform, Etanol, Methanol, Etyl Acetic, Ammonia, Dragendorff, Anisaldehyde-Sulfuric Acid and Aquadest. Materials for in vivo studies include: Quail eggs, Cigarettes, Wistar Rat (Rattus norvegicus), Cholesterol MR kit (Glory Diagnostics), Triglyceride MR kit (Glory Diagnostics). Equipment include: Rotary evaporator, Water bath, Eppendorf, Microcentrifuge, Microlab 300 & 300LX  

2.2 Plant Material

Avicennia marina (A. marina) fruits was collected  from Tambakrejo Village (Semarang City, Indonesia). Determination was carried out by Biology Laboratorium of STIFAR Yayasan Farmasi Semarang (No: 095/EL-WL/XII/2025).

2.3 Extraction

A. marina fruit powder was extracted using remaceration method. The solvent used was thecnical garde ethanol 96% with a powder to solvent ratio 1:10. Remaceration was carried out for 3x24 hours. The macerate was evaporated at 50oC and thickened at the same temperature using a water bath. The percentage yield of the extract was determined using the following equation:


2.4 Screening Phytochemical

The EEAF was subjected to phytochemical screening using preliminary test and confirmation using TLC. The phytochemical screening test include flavonoid, alkaloid, and triterpenoid.

2.5 In Vivo Studies

2.5.1 Induction and Treatment Protocol 

Male Wistar rats weighing 150–200 g, with an average age of 6 weeks, were acclimatized for 7 days prior to the experiment. The rats were then subjected to an induction protocol using a combination of a high-fat diet and cigarette smoke exposure. The high-fat diet consisted of quail egg yolk and lard in a 1:1 ratio, administered orally at a dose of 15 mL/kg body weight. Cigarette smoke exposure was conducted using 30 cigarettes per 10 rats per day. The induction period lasted for 17 days. Following induction, the rats were randomly divided into five groups, with five animals in each group. Group 1 served as the negative control and received 0.5% Na-CMC (2.5 mL/animal). Group 2 served as the positive control and received atorvastatin at a dose of 2.52 mg/kg body weight. Groups 3–5 were treated with ethanol extract of Avicennia marina fruit (EEAF) at doses of 30, 60, and 120 mg/kg body weight, respectively. All treatments were administered once daily for 28 days.

2.5.2 Total Cholesterol and Triglyceride Measurement
 
Blood was collected on the first day or before induction (T1), after induction (T17), and after treatment (T45) via retro orbital. The blood was centrifuged at 5000 rpm for 10 minutes at 4oC. The serum obtained was measured for total cholesterol and triglycerides.

2.5.2.1 Total Cholesterol Analysis

Total cholesterol levels were determined using an enzymatic colorimetric method (CHOD-PAP method) with the Cholesterol MR kit according to the manufacturer’s instruction. Briefly, 5 µL of serum was mixed with 500 µL of the reagent. The mixture was incubated for 10 minutes at room temperature to allow complete color development. Absorbance (A) was measured at 500 nm using a spectrophotometer. Total cholesterol concentration was calculated using the following formula:
 
The Cholesterol MR reagent consisted of 200 mM PIPES buffer (pH 7.0), 1 mM sodium cholate, 250 kU/L cholesterol esterase, 0.33 mM 4-aminoantipyrine, 4 mM phenol, and 2 g/L non-ionic surfactants.

2.5.2.2 Triglyceride Analysis

Triglyceride levels were measured using the same procedure as described for total cholesterol analysis. Briefly, 5 µL of serum was mixed with 500 µL of triglyceride reagent. The mixture was incubated for 15 minutes at room temperature, and absorbance (A) was measured at 500 nm using a spectrophotometer. Triglyceride concentration was calculated using the following formula:
 
The triglyceride reagent consisted of 50 mM PIPES buffer (pH 6.8), lipoprotein lipase (LP) > 12 kU/L, glycerol kinase (GK) > 1 kU/L, glycerol-3-phosphate oxidase (GPO) > 10 kU/L, adenosine triphosphate (ATP) 2.0 mM, Mg²⁺ 40 mM, peroxidase (POD) > 2.5 kU/L, 4-aminoantipyrine (4-AA) 0.5 mM, phenol 3 mM, and non-ionic surfactants (g/L).

2.5.2.3 Statistical Analysis

The percentage decrease data was statistically tested using one-way ANOVA analysis, followed by multiple comparison with LSD. Differences were considered to be statistically significant when p < 0.05.

3. results 

3.1 Extraction

The extraction yield of A. marina fruit obtained by the maceration method is presented in Table 1.

Table 1. Extraction Yield (%) of A. marina Fruit Using the Maceration Method

	Wet Sample Weight (g)
	Dried  Powder Weight (g)
	Extract
Weight (g)
	Yield (%)
	Color
	Consistency

	
10.000
	1326,3
	609,83
	45,98%
	Dark Green
	Semi Solid



3.2 Phytochemical Screening 

The phytochemical constituents of the ethanol extract of A. marina fruit (EEAF) are presented in Table 2. The results indicate the presence of flavonoids, alkaloids, and triterpenoids. The thin-layer chromatography (TLC) chromatograms of the EEAF are shown in Figure 1. 






Table 2. Presence of Flavonoids, Alkaloids, and Triterpenoids in EEAF

	Phytochemical Compound
	Test Method / Reagent
	Result

	
Flavonoid
	Shinoda test (Mg + HCl)
	+

	Alkaloid
	Mayer
	+

	
	Hager
	+

	Triterpenoid
	Liebermann-Burchard
	+
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Figure 1. TLC chromatograms of the EEAF: (A) flavonoids, (B) alkaloids, and (C) triterpenoids. The chromatograms were observed under UV light at 254 nm (left) and after spraying with the respective detecting reagents (right).

3.2 In Vivo Studies

Induction using a high-fat diet combined with cigarette smoke exposure resulted in a significant increase in total cholesterol and triglyceride levels. The lipid profile parameters measured at baseline (T1) and post-induction (T17) are presented in Table 3..  





Table 3. T Total cholesterol and triglyceride levels at T1 (baseline) and T17 (post-induction), with percentage increase (%)

	Lipid
	T1 (mg/dL)
	T17 (mg/dL)
	Percent Increase (%)

	
Total Cholesterol
	52.68 ± 12.80
	130.48 ± 18.42****
	159.66	± 64.30

	Triglyceride
	50.48 ± 22.95
	96.88 ± 27.30****
	121.88	± 92.84


Data are presented as mean ± SD, **** Indicates a statistically significant difference compared with T1 (P = .000)

Both total cholesterol and triglyceride levels showed a marked increase following induction, indicating successful establishment of the dyslipidemia model.
Rats with elevated lipid levels were subsequently treated according to their respective experimental groups for 28 days. The effects of treatment on total cholesterol and triglyceride levels are presented in Tables 4 and 5, respectively, while the percentage reductions are illustrated in Figure 2.


Table 4. Total cholesterol levels post-induction (T17) and post-treatment (T45) with percentage decrease (%)

	Groups
	T17 (mg/dL)
	T45 (mg/dL)
	Percent Decrease (%)

	
Negative 
	123.20 ± 27.82
	90.00 ± 4.77
	22.11 ± 21.76

	Positive
	125.40 ± 13.15
	74.80 ± 10.17
	40.26 ± 6.77

	EEAF 30mg/kg BW
	126.60 ± 6.65
	65.60 ± 11.77
	47.72 ± 11.20

	EEAF 60mg/kg BW
	132.60 ± 4.72
	65.00 ± 2.19
	50.90 ± 2.78

	EEAF 120mg/kg BW
	155.60 ± 5.39
	64.20 ± 11.63
	58.51 ± 8.69


Data are presented as mean ± SD (n = 5)

Table 5. Triglyceride levels post-induction (T17) and post-treatment (T45) with percentage decrease (%)

	Groups
	T17 (mg/dL)
	T45 (mg/dL)
	Percent Decrease (%)

	
Negative
	82.40 ± 21.27
	74.00 ± 14.06
	3.70 ± 27.86

	Positive
	94.20 ± 16.31
	44.40 ± 12.60
	52.53 ± 11.69

	EEAF 30mg/kgBW
	113.80 ± 34.74
	70.20 ± 15.97
	31.61 ± 27.57

	EEAF 60mg/kgBW
	103.20 ± 24.55
	53.40± 10.97
	46.87 ± 9.18

	EEAF 120mg/kgBW
	90.80 ± 21.68
	34.40 ± 7.42
	59.16 ± 13.40


Data are presented as mean ± SD (n = 5)

Treatment with EEAF resulted in a reduction in both total cholesterol and triglyceride levels across all dose groups. The highest reduction in total cholesterol was observed in the EEAF 120 mg/kg BW group, while triglyceride levels showed the greatest decrease at the same dose.


 
Fig. 2. Effect of different doses of EEAF on total cholesterol and triglyceride reduction 
** indicates a statistically significant difference (P = .01); * indicates a statistically significant differences (P = .05) compared to the negative control group.


4. DISCUSSIONS

The ethanol extract of Avicennia marina fruit (EEAF), obtained through remaceration for 3 × 24 h using 96% ethanol, yielded 45.98%. This value is slightly lower than that reported by (Utomo, 2025), who obtained a yield of 48.06% using a similar extraction method, solvent, and powder-to-solvent ratio. Variations in extraction yield may be attributed to environmental factors such as salinity and soil nutrient composition, which influence the accumulation of secondary metabolites. In addition, climatic conditions, including temperature, rainfall, and humidity, as well as the maturity of the fruit at harvest, may affect plant metabolism and the production of bioactive compounds (Isah, 2019). 
Phytochemical screening confirmed the presence of flavonoids, triterpenoids, and alkaloids in EEAF, consistent with previous findings (Fernandes & Fatmi, 2019). As a mangrove species, A. marina is naturally exposed to high salinity conditions, which can induce physiological stress and stimulate the production of secondary metabolites. High salinity reduces water uptake by roots, leading to osmotic stress and physiological drought. These conditions may alter primary metabolic pathways that serve as precursors for secondary metabolite biosynthesis (Isah, 2019).
Administration of a high-fat diet consisting of quail egg yolk and lard (1:1) at a dose of 15 mL/kg body weight, combined with cigarette smoke exposure, significantly increased total cholesterol and triglyceride levels by 159.66 ± 64.30% and 121.88 ± 92.84%, respectively. A previous study by Lasker et al., (2019) demonstrated that administration of a high-fat diet increased lipid profile parameters, including total cholesterol, triglycerides, and LDL levels, while reducing HDL levels compared to a normal diet. Similar findings were reported by Hidayati et al., (2020), who demonstrated that a combination of egg yolk and lard increased triglyceride levels by 92.5%. In comparison, the induction method used in the present study also resulted in a marked increase in triglyceride levels. Notably, the elevation observed in this study may be further influenced by cigarette smoke exposure, which is known to exacerbate lipid metabolism disorders through oxidative stress and inflammatory pathways. Previous studies have reported that lard consumption providing approximately 60% of total caloric intake significantly increases the expression of sterol regulatory element-binding protein-1c (SREBP-1c). SREBP-1c is a key transcription factor that regulates the expression of genes involved in lipogenesis. Activation of SREBP-1c promotes the transcription of fatty acid synthase (FAS), a crucial enzyme responsible for the synthesis of fatty acids. Consequently, increased fatty acid synthesis contributes to elevated triglyceride production (Yan et al., 2020).
The use of cigarette smoke in the induction process was intended to exacerbate the hyperlipidemic condition. This finding is supported by a previous study by Nath et al., (2022), which reported that smokers have higher total cholesterol and triglyceride levels compared to non-smokers. Furthermore, the degree of smoking was associated with a more pronounced increase in total cholesterol and triglyceride levels. Similar findings were also reported by Ismail et al., (2022), who compared a high-fat diet with a combination of a high-fat diet and cigarette smoke exposure. The results showed that the combination of a high-fat diet and cigarette smoke exposure resulted in higher increases in total cholesterol and triglyceride levels. The combined use of a high-fat diet and cigarette smoke exposure in this study is suggested to produce a more pronounced increase in lipid profiles compared to a high-fat diet alone. This suggests that cigarette smoke acts as an additional aggravating factor, enhancing the development of hyperlipidemia and better reflecting complex pathological conditions observed in humans.This effect is associated with the presence of nicotine, which influences lipid metabolism. Nicotine stimulates the sympathetic nervous system and promotes the release of catecholamines, which subsequently induce lipolysis. This process increases circulating free fatty acid concentrations and contributes to a reduction in plasma HDL cholesterol levels.
Administration of EEAF resulted in a significant reduction in total cholesterol and triglyceride levels compared to the negative control group. The dose selection of EEAF was based on previous studies using streptozotocin-induced diabetic rat models (Kamaei & Moghadamnia, 2019). Although the disease model differs, streptozotocin-induced diabetes is characterized by oxidative stress, dyslipidemia, and inflammation, which are also central to the present study. Therefore, the previously effective dose is considered relevant for evaluating antihyperlipidemic effects. Bioactive compounds present in Avicennia marina fruit are suggested to contribute to the reduction of total cholesterol and triglyceride levels. This assumption is supported by previous studies indicating that bioactive compounds such as flavonoids and saponins have been widely reported to modulate lipid metabolism and reduce cholesterol levels (Widiyanto et al., 2023). This finding is supported by the in silico study conducted by Aliifah et al., (2025), In silico studies have suggested that these compounds may interact with key enzymes such as HMG-CoA reductase. Flavonoids containing hydroxyl groups and aromatic rings can form stable hydrogen bonds with enzyme active sites, enhancing binding affinity. In addition, triterpenoids may contribute structural stability and facilitate favorable interactions within the enzyme cavity, potentially leading to competitive inhibition of HMG-CoA reductase activity These structural characteristics may enable such compounds to mimic natural substrate interactions, thereby potentially contributing to the competitive inhibition of HMG-CoA reductase activity.
At the cellular level, the improvement in total cholesterol and triglyceride levels may be associated with the activation of AMP-activated protein kinase (AMPK) by bioactive compounds such as flavonoids and other polyphenolic compounds. AMPK acts as a key energy-sensing enzyme that promotes catabolic pathways to generate energy while inhibiting anabolic processes such as lipid synthesis. Activation of AMPK has been reported to reduce lipid accumulation and improve non-alcoholic fatty liver disease (NAFLD) by inducing hepatic fatty acid oxidation (Gupta & Singh, 2025). This mechanism is further supported by the review conducted by Zhao et al., (2026), which reported that activation of AMPK will phosphorylates sterol regulatory element-binding proteins (SREBPs) at serine residues. This phosphorylation inhibits the proteolytic cleavage and activation of both SREBP-1c and SREBP-2, thereby suppressing the synthesis of fatty acids and triglycerides as well as the activity of HMG-CoA reductase. Under normal conditions, SREBP1 translocates to the nucleus and binds to sterol regulatory elements in the promoter regions of target genes, initiating the transcription of several lipogenic enzymes, including fatty acid synthase, acetyl-CoA carboxylase, and stearoyl-CoA desaturase.
This study has several limitations, including the use of an in vivo model without clinical validation and the evaluation of only total cholesterol and triglycerides. In addition, the relatively small sample size and short observation period may not reflect long-term effects. Furthermore, variability in plant growth conditions may influence the secondary metabolite content. Therefore, further studies are required to address these gaps and strengthen the findings of this research.

5. Conclusion

The EEAF was found to contain several secondary metabolites, including flavonoids, triterpenoids, and alkaloids. Administration of this extract significantly reduced total cholesterol and triglyceride levels, which may be associated with the presence of these bioactive compounds. Administration of EEAF at doses of 30, 60, and 120 mg/kg body weight reduced total cholesterol levels by 47.72 ± 11.20%, 50.90 ± 2.78%, and 58.51 ± 8.69%, respectively, and also decreased triglyceride levels by 31.61 ± 27.57%, 46.87 ± 9.18%, and 59.16 ± 13.40%, respectively.
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Triglyceride Reduction
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