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					ABSTRACT  

					ARTICLE INFO  

					Coronary heart disease (CHD) are regarded as the crucial factors associated with dyslipidemia.  

					Mulberry leaves are composed of several bioactive chemicals, such as phenols, flavonoids,  

					anthocyanins, alkaloids and terpenoids. The effects of mulberry leaves on dyslipidemia have been  

					considered in scientific research. This study determined the effect of mulberry leaf extract on TG,  

					LDL-C, ox-LDL serum levels, and aortic histopathological features. A randomized controlled  

					study was carried out on rats at the Center for Food and Nutrition Studies, Universitas Gadjah  

					Mada, Yogyakarta, Indonesia. Twenty four Sprague Dawley (SD) rats were divided into normal  

					control (n = 6) and dyslipidemia (Dys) (n = 18) groups. Rats in the Dys group were induced by a  

					high-fat-diet (HFD). The Rats were categorized into 4 groups: the normal control group (N),  

					negative control group (Dys), HFD+Simvastatin 0.18 mg/200gBW positive control (PC), and  

					HFD+600 mg/kgBW mulberry leaf extract (MLE). Treatments were given daily for 8 weeks. The  

					lipid profile parameters (TG, LDL, and HDL), ox-LDL levels and aortic histopathological features  

					were evaluated using standard procedures. The results showed that MLE gave a significant  

					differences in TG, LDL-C, HDL-C and ox-LDL levels in all groups (p<0,001). The mean changed  

					TG, LDL-C, HDL-C and ox-LDL observed were 60.35 mg/dL, 49.43 mg/dL, 47.05 mg/dL, and  

					119.9 pg/mL, respectively. The aortic histopathological features indicated a statistically  

					significant variance between the MLE group and the Dys group (p<0.001). The findings revealed  

					that mulberry leaf extract significantly improved lipid profile, ox-LDL levels and aortic  

					histopathological features.  
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					Reactive oxygen species (ROS) are produced when leftover very low  

					density lipoprotein (VLDL) and atherogenic lipoproteins accumulate in  

					Introduction  

					Cardiovascular disorders such as coronary heart disease  

					(CHD) and stroke are caused by impaired heart and blood vessel  

					function, which is directly linked to dyslipidemia and atherosclerosis.1,2  

					Elevated of cholesterol levels contribute to approximately 3.9 million  

					deaths globally. Based on NCD Risk Factor Collaboration (NCDRisC)  

					report, the epicenter of elevated cholesterol levels has transitioned from  

					Europe and North America to South and Southeast Asia.3 In Indonesia,  

					for instance, 11.7% of adults over the age of 15 have total cholesterol  

					(TC) levels greater than 200 mg/dL; 8.5% of subjects had low density  

					lipoprotein cholesterol (LDL-C) levels higher than 100 mg/dL, and 87%  

					had had high density lipoprotein cholesterol (HDL-C) levels lower than  

					40 mg/dL. These data are from a sample of individuals in Southeast  

					Asia. Moreover, triglyceride (TG) values beyond 150 mg/dL were  

					raised in 22.8% of cases.4  

					the subendothelial region as a result of elevated TG, LDL-C, and  

					decreased HDL-C. This process can cause oxidative stress.5,6 The  

					disparity in ROS and antioxidants within the body leads to alterations  

					in lipoproteins that carry apoB-100. It results the transformation of LDL  

					cholesterol into oxidized-LDL (ox-LDL) via the lipid peroxidation  

					process. Oxidized LDL is highly immunogenic and readily identified  

					by macrophages via scavenger receptors, leading to macrophage  

					activation and infiltration into atherosclerotic lesions for the  

					phagocytosis of ox-LDL through scavenger receptors.5,7,8 This process  

					causes lipids to build up in macrophages, which in turn triggers the  

					formation of foam cells. The foam cells are responsible for producing  

					growth factors and cytokines, including TNF-α and interleukin-1 (IL-  

					1), which draw more macrophages to the lesion site. Plaque  

					development advances more quickly as a consequence.8,9 The LDL  

					modification can trigger the activation of nuclear factor-kappa β (NF-  

					κβ), leading to the upregulation of adhesion molecules, leukocytes, and  

					chemokines.8,9 The activation of NF-κβ in regions susceptible to  

					atherosclerosis triggers the activation of endothelial cells through  

					elevated expression of monocyte adhesion proteins, pro-inflammatory  

					receptors, cytokines, and chemokines.5,10 This process ultimately  

					influences the migration of monocytes into the intimal space. Thus, it  

					leads to the narrowing of the aortic lumen.  
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					Atherosclerosis prevention involves managing dyslipidemia through  

					lifestyle modifications such as controlling cholesterol levels through  

					dietary adjustments and the use of statins.11,12 On the other hand,  

					prolonged statin treatment might lead to elevated levels of liver and  

					muscle enzymes.13 Fruits and vegetables are able to treat and manage  
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					diseases because they contain bioactive compounds. Their ability to  

					display anti-inflammatory and antioxidant properties is made possible  

					by these compounds, which helps to improve the lipid profile.14  

					Phenolic compounds, flavonoids, and anthocyanins are bioactive  

					compounds found in vegetables and fruits, demonstrating powerful  

					antioxidant properties. They are currently being studied as potential  

					interventions to mitigate cardiovascular diseases.15  

					Mulberry leaves contain high levels of phenols, flavonoids,  

					anthocyanins, and various antioxidants.16 They are utilized in the food  

					and pharmaceutical industries due to their pharmacological properties,  

					including their hypolipidemic effects.17,18 Several investigations have  

					demonstrated that hyperlipidemic rats and given mulberry leaf extract  

					were able to reduce TG, LDL cholesterol and increase HDL cholesterol  

					levels.19,20 In order to prevent the morphology change of the Aorta  

					intima caused by an atherogenic diet, Sprague Dawley rats fed mulberry  

					leaf extract 100 mg/kg/day can significantly reduce adhesion molecules  

					such as intercellular adhesion molecule 1 (ICAM-1), vascular cell  

					adhesion molecule 1 (VCAM-1), and E-selectin.21 Mulberry leaf extract  

					is known to influence lipid and ox-LDL levels, according to the  

					majority of study. As a result, the current study's goals included  

					assessing lipid profiles and ox-LDL levels as well as the histopathology  

					of blood vessels using native Indonesian mulberry leaves, particularly  

					in Malang, East Java, using rats that were both dyslipidemia-treated and  

					in good condition.  

					light-dark cycle, a temperature range of 24°C ± 2°C, and a relative  

					humidity between 50% and 60%. The rats were acclimatized for one  

					week and fed with Standard Comfeed-Par S (Japfa Comfeed, Indonesia)  

					and water ad libitum. The animal experimental procedures were  

					approved by Health Research Ethics Committee of the Medicine  

					Faculty  

					of  

					Diponegoro  

					University  

					(23/EC-H/KEPK/FK-  

					UNDIP/II/2023). All rats were cared according to the Animal  

					Laboratory Guidelines of the Center for Food and Nutrition Studies.  

					SD Rats were fed a high-fat diet (HFD) containing Comfeed-Par S  

					(Japfa Comfeed Indonesia, Indonesia; 60%), flour (27.80%),  

					cholesterol (2%), colic acid (0.20%), and lard (10%) given ad libitum  

					for 4 weeks. Increased serum levels of TG (67.03–147.03 mg/dL),  

					LDL-C (41.33–97.30 mg/dL), and decreased HDL-C (>50 mg/dL) were  

					the assessments used to evaluate the dyslipidemia criteria.23 Induced  

					dyslipidemic rats with a HFD was successful, with serum levels TG,  

					LDL-C, ox-LDL and lower serum HDL-C than the control group of rats  

					(Table.2)  

					Experimental design  

					This randomized controlled study was conducted in rats at the Center  

					for Food and Nutrition Studies, UGM, Yogyakarta, Indonesia. Twenty  

					four SD rats were randomly divided into four groups (n = 6 per groups),  

					normal control (N); dyslipidemia rats untreated (Dys); Dyslipidemia  

					rats were given simvastatin 0.18mg/200g BW/day positive control  

					(PC); Dyslipidemia rats were given mulberry leaf extract 600  

					mg/kg/day (MLE). Rats were given different treatments for 8 weeks.  

					Materials and Methods  

					Collection, identification, and extraction of the plant sample  

					Biochemical Analyses  

					Fresh mulberry leaves were harvested at Lawang Mulberry Farm,  

					Malang, East Java, Indonesia in December 2022. Mulberry plants were  

					identified by the Taxonomist at Ahmad Dahlan University's Biology  

					Learning Laboratory in Bantul, Yogyakarta with reference number  

					472/Lab.bio/B/XII/2022. It was shown that the sample utilized was a  

					mulberry leaf plant with the Latin name (Morus alba L) from the  

					Moracea family. Mulberry leaves that had just been collected were  

					cleaned, chopped into smaller pieces, and allowed to air dry at room  

					temperature until they reached a constant dry weight. After that, a  

					grinder was used to turn the dried samples into a coarse powder.  

					The blood samples were collected using retroorbital bleeding technic  

					before and after the intervention. Rats did 12-hour fasting period before  

					measurement. Examination of TG, LDL-C and HDL-C levels was  

					conducted using an enzymatic method with photometric principles  

					according to the manual procedure (FineTest, Fine Tech Co., Ltd.,  

					China), whereas the ox-LDL examination was measured using the  

					Sandwich ELISA Method using the Rat Ox-LDL ELISA kit  

					(Elabscience, China).  

					Preparation of Aorta samples for histological examination  

					Rats were anaesthetised after  

					8

					weeks treatment, Aorta were  

					Extraction of Plant Material  

					immediately removed, and histological preparations were made using  

					paraffin. The samples were fixed in a solution of 10% buffered neutral  

					formalin, followed by tissue processing steps as follows: dehydration  

					step using graded alcohol (80%, 90%, and 95%), clearing step using  

					xylol, and impregnation step using paraffin liquid. The tissue was  

					embedded into paraffin block, followed by microsectioning using  

					microtome in 4 µm of thickness. Hematoxylin-Eosin (HE) staining was  

					applied into all slides.24  

					Samples of coarsely crushed plant material weighing 974 g were  

					macerated in a sterile, dry container with 70% ethanol at a ratio of 1:4  

					and covered with foil. Replace one 24-hour marinade with the same  

					solvent and let the simplicias sit for three times, then stirring  

					occasionally. The first, second, and third filtrates were combined,  

					evaporated, and concentrated using a waterbath, with the extract yield  

					percentage being measured. The extract was then stored appropriately.  

					The rotary vacuum evaporator (Heidolph, Germany) was used to  

					achieve this thick extract.22  

					Examination of Aorta histology  

					All histopathological slides of the aorta were examined using light  

					microscope (Olympus BX51, Japan) in five distinct fields with high  

					power field, 400X magnification, for assesement of endotelial and  

					tunica media. The assesement of atherosclerosis grade was carried out  

					by pathologist using Sakamoto parameters as outlined in Table 1.25  

					Animals  

					Male Sprague Dawley (SD) rats in healthy conditions, weighing  

					between 150 and 200 g, were acquired from the Animals Laboratory at  

					the Center for Food and Nutrition Studies, Universitas Gadjah Mada  

					(UGM), Yogyakarta, Indonesia. These rats were housed in individual  

					stainless steel cages within an animal room that maintained a 12-hour  

					Table 1: Assessment of atherosclerosis parameters  

					Type  

					Parameters  

					I (Initial lesion)  

					:

					:

					:

					:

					:

					Isolated macrophage foam cells  

					II (Fatty streak)  

					Mainly intracellular lipid accumulation  

					Type II changes and small extracellular lipid pools  

					Type II changes and core of extracellular lipid  

					III (Intermediate lesion)  

					IV (Atheroma lesion)  

					V (Fibroatheroma lesion)  

					Lipid core and fibrotic layer, or multiple lipid cores and fibrotic layers, or  

					mainly calcific, or mainly fibrotic  

					VI (Complicated lesion)  

					:

					Surface defect, hematoma-hemorrhage, trombus  
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					Table 2: The effect of mulberry leaf extract on TG, LDL-C, HDL-C and Ox-LDL levels of Dyslipidemic SD rats (n=24)  

					Groups  

					Parameter  

					TG (mg/dL)  

					Pre-test  

					p value  

					N

					Dys  

					PC  

					MLE  

					67.03 ±2.25  

					67.5 ±2.58  

					142.3 ±2.69  

					143.8 ±2.80#  

					139.7 ±1.59  

					82.1 ±3.64#  

					139.7 ±2.58  

					79.37 ±3.87#  

					<0.001*  

					<0.001**  

					<0.001**  

					<0.001**  

					Post-test  

					LDL-C (mg/dL)  

					Pre-test  

					23.2 ±1.63  

					24.1 ±1.97  

					79.1 ±1.32  

					80.1 ±1.43#  

					79.5 ±2.25  

					35.3 ±2.39#  

					80.8 ±2.17  

					31.4 ±1.67#  

					Post-test  

					HDL-C (mg/dL)  

					Pre-test  

					81.2 ±1.75  

					81.1 ±1.77  

					24.1 ±1.60  

					23.2 ±1.33#  

					24.7 ±2.46  

					63 ±2.18#  

					23.5 ±1.38  

					70.6 ±1.65#  

					Post-test  

					Ox-LDL (pg/mL)  

					Pre-test  

					28.3 ±1.36  

					28.4 ±1.40  

					159.2 ±3.61  

					160.3 ±3.54#  

					160.3 ±3.94  

					50.4 ±2.39#  

					159.4 ±4.39  

					39.5 ±1.62#  

					Post-test  

					Values were expressed in terms of the mean ± SD. Statistically significant data and parameters are bold, #paired t-test p<0.05, *ANOVA p<0.05,  

					**Kruscall-Wallis p<0.05. Dys: Dyslipidemia group, HDL-C: High density lipoprotein cholesterol, LDL-C: Low density lipoprotein cholesterol, MLE:  

					Mulberry leaf extract 600 mg/kg+HFD, N: Normal group, ox-LDL: Oxidized low density lipoprotein, PC: Positif control Simvastatin 0.18 g/200 g  

					BW+HFD, and TG: Triglyseride.  

					Statistical analysis  

					changes in rats that were fed a HFD (ρ < 0.001). Moreover, mulberry  

					leaves were rich in flavonoids, which can directly reduce ox-LDL  

					levels.30  

					The Mann-Whitney test (Figure 2) results showed that the group that  

					received intervention had significantly better aortic type compared to  

					the dyslipidemia group or those who only received HFD. These results  

					were supported by the histopathological features of the aorta in  

					dyslipidemic rats as shown in Figure 3.  

					The Shapiro-Wilk normality test was used to initially examine lipid  

					profile values, ox-LDL levels, and aortic histopathology features. The  

					one way Analysis of Variance (ANOVA) test was used for parametric  

					analysis, which was followed by the Tukey post hoc test. For non-  

					parametric data, Kruskal-Wallis and Mann-Whitney tests was conducted  

					for the analysis. Statistical analyses were performed using SPSS  

					software version 22.0 (IBM Corp., USA).  

					Rats given a high-fat diet (HFD) plus cholic acid supplementation may  

					develop foam cells by the eighth week and have markedly elevated  

					blood cholesterol levels. Figure 3a depicted the normal  

					histomorphology of the aorta in rats that were part of the normal control  

					group. Dyslipidemic rats exhibited changes in the morphology of the  

					aortic wall due to the formation of foam cells and the proliferation of  

					smooth muscle cells. They also accumulated extracellular lipids from  

					the smooth muscle, which lead to the formation of atheroma plaque and  

					the development of atherosclerosis, as demonstrated in the Dys group  

					(Figure 3b). The changes in aortic lesion morphology were shown by  

					the aorta histomorphology of the positive control (PC) HFD-induced  

					rats treated with simvastatin 0.18 mg/200gBW/day (Figure 3c) and the  

					HFD-induced rats treated with 600 mg/kgBW/day of MLE (Figures 3d).  

					Foam cells and intracellular lipid buildup in smooth muscle were noted  

					in the PC group. But for the MLE group, all they had were foam cells.  

					When compared to the Dys group, the MLE treatment had a substantial  

					impact (p<0,001).  

					The results of this study showed that MLE can improve the  

					histopathological features aortic atherosclerosis by improving the lipid  

					profile and reducing oxidative stress by lowering the levels of ox-LDL  

					in dyslipidemic rats. Simvastatin was selected as the statin therapy for  

					positive control due to its continued prevalence in Indonesia for  

					effectively reducing LDL cholesterol levels by 18-55%.31 In  

					conventional medicine, statins are advised as the primary treatment  

					for management of high LDL level however they possess considerable  

					side effects.32 The selection of a single dose in this study was based on  

					previous research. In a study conducted by Huang et al, a dose of 0.6  

					g/kg was stated to be one of the optimum doses.19 Previous studies have  

					shown that mulberry leaf extract enhances serum lipid profiles and  

					inhibits the progression of atherosclerosis in rabbits on a high-fat diet33,  

					which was consistent with the findings of this study. Li et al, studied  

					the efficacy and mechanism of alkaloids, flavonoids, phenolics,  

					polysaccharides, and other bioactive components in mulberry leaves  

					alone in the treatment of metabolic syndrome.34 Several studies have  

					Results and Discussion  

					Studies have shown that mulberry leaves possess natural  

					hypolipidemic. it was found in this study that MLE improved lipid  

					profile, ox-LDL and impact on the histopathological features of the  

					aorta.  

					The study of lipid profiles and ox-LDL levels in the intervention group  

					during an 8-week period was presented in Table 2. The results of the  

					analysis showed, there was a higher and significant reduction in TG,  

					LDL-C, ox-LDL levels and a higher and significant increase in HDL-C  

					levels in the intervention group compared to the control group. Figure  

					1 showed the serum of TG, LDL-C, HDL-C and ox-LDL after 8 weeks  

					of treatment. There were significant differences in TG, LDL-C, HDL-  

					C and ox-LDL levels between all groups (p<0.001). The MLE group  

					exhibited the biggest changes. MLE group exhibited significantly  

					higher changes in TG, LDL-C, HDL-C, and ox-LDL levels compared  

					to the Dys group. The mean changed observed were 60.35 mg/dL, 49.43  

					mg/dL, 47.05 mg/dL, and 119.9 pg/mL, respectively.  

					Mulberry leaves containe flavonoid and phenolic compounds. The  

					flavonoids in mulberry leaves show the effect of decreasing TG, LDL-  

					C levels and increasing HDL cholesterol levels.26–28 In vivo study  

					showed that MLE can effectively decrease lipids using multiple  

					mechanisms. Liangyu, et al (2022) stated that MLE controls lipid  

					metabolism through downregulating the major protein of sterol  

					regulatory element-binding protein 1 (SREBP1), controlling the  

					Adenosine 5′-monophosphate (AMP)-activated protein kinase (AMPK)  

					center, and thus encouraging fatty acid oxidation and inhibiting fatty  

					acid synthesis.29 Typically, the flavonoids found in mulberry leaves  

					have shown to greatly reduce lipid levels in animal models with  

					dyslipidemia by lowering TG, LDL-C, and free fatty acid levels while  

					boosting HDL-C levels.30 This was in linear with the findings of  

					research conducted in the MLE group, which demonstrated significant  
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					reported that by increasing LDL resistance to oxidative modification,  

					flavonoids found in mulberry leaves can prevent the development of  

					atherosclerotic lesions in experimental animal models lacking LDL  

					receptors.15 In addition to flavonoids, 1-deoxynojirimycin (DNJ), one of  

					the alkaloids found in mulberry leaves, was also effective in improving  

					lipid profiles and lowering atherogenic index values in rats with SD  

					dyslipidemia.11 Treatment with mulberry leaves normalized circulating  

					endothelial dysfunction markers such as soluble VCAM-1, fibrinogen  

					and nitric oxide. Mulberry leaves were also efficient against plaques of  

					atherosclerotic that had already formed.35 The results of this study can  

					support the effectiveness of mulberry plants in treating dyslipidemic  

					rats, particularly in relation to their hypolipidemic and antioxidant  

					characteristics. Determining the primary component responsible for the  

					antidyslipidemia and antiatherosclerotic effects would be an interesting  

					area for further research.  

					Figure 1: Effect of MLE on TG (1a), LDL-C (1b), HDL-C (1c) and ox-LDL (1d) in SD rats with dyslipidemia. Values were expressed  

					in terms of the mean ± SD. Differences in TG levels between groups were analyzed using ANOVA followed by the post hoc Tukey test:  

					#p<0.05 vs Dys Group. Difference in LDL-C, HDL-C and ox-LDL levels between groups were analyzed using Kruskal-Wallis followed  

					by the Mann-Whitney test: *p<0.05 vs Dys Group. Dys: Dyslipidemia group, MLE: Mulberry leaf extract 600 mg/kg BW+HFD, N:  

					Normal groups, and PC: Positif control Simvastatin 0.18 mg/200 g BW+HFD.  

					Figure2: Differences in type of Aortic atherosclerosis lesion in SD rats between groups were analyzed using Kruskal-Wallis test  

					followed by the Mann–Whitney test; *p<0.05 vs Dys Group. Dys: Dyslipidemia, MLE: Mulberry leaf extract 600 mg/kg BW+HFD, N:  

					Normal groups, and PC: Positif control Simvastatin 0.18 mg/200 g BW+HFD.  
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					Figure 3: Description of the histological structure of the aorta of SD dyslipidemia rats using HE staining, (3a) Normal groups (N), (3b)  

					Dyslipidemia groups (Dys), (3c) HFD+Simvastatin 0.18 mg/200 g BW (PC), (3d) HFD+Mulberry leaf extract 600 mg/kgBW (MLE)  

					(zoom 400x). EL: Extracelluler Lipid, FC: Foam cell, IL: Intracellular Lipid TA: Tunica Adventitia, TI: Tunica Intima, and TM: Tunica  

					Media.  

					Conclusion  
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