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ABSTRACT 

Objectives: To evaluate the effect of extract and its fraction (n-hexane, ethyl acetate, and water) of the mulberry leaf (Morus australis Poir.) in 
reducing triglyceride and total cholesterol levels on HFD and PTU induced rats.  

Methods: In this study, mulberry leaves were collected from East Nusa Tenggara-Indonesia, extracted using maceration method, and fractionated 
with various solvents. The thin layer chromatography with silica gel 60 F254 was utilized to identify the active compound on both extract and 
fraction. Furthermore, using a quasi-experimental with control group design, this study employed 40 healthy male Wistar rats and divided into 8 
groups, namely: normal and negative control, positive controls (simvastatin and gemfibrozil), ethanolic extract, and fractions (n-hexane, ethyl 
acetate, and water). All groups were fed with a high cholesterol diet and 0.01% PTU, except for the normal group. During the study, the blood was 
drawn at day 0, 28, 35, and 42. The triglyceride level was observed using Glycerophosphate-Oxidase Phenol Aminoantipyrine (GPO-PAP) method, 
while the total cholesterol was measured by Cholesterol Oxidase Phenol Aminoantipyrine (CHOD-PAP).  

Results: On the 42nd day, ethyl fraction of mulberry leaf (Morus australis Poir.) showed the most significant result of reducing the level of 
triglyceride and total cholesterol compared to the high-fat diet and PTU induced rat on day 0: triglyceride of 104.89±2.70 mg/dl vs 64.76±1.97 
mg/dl and total cholesterol of 96.70±2.45 vs 88.02±1.38 mg/dl. Ethyl acetate fraction was similar to simvastatin in lowering the level of total 
cholesterol. TLC identification also showed that mulberry leaf contains flavonoids and polyphenols that act as anti-hyperlipidemic. 

Conclusion: Ethyl acetate fraction of mulberry leaf (Morus australis Poir.) showed best activity on lowering both triglyceride and total cholesterol.  
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INTRODUCTION 

Hyperlipidemia is a condition that is characterized by elevation of lipid 
levels within the body and increases the risk of cardiovascular disease [1, 
2]. The efforts to reduce cholesterol levels include regulating diet, 
practicing regular exercise, and administering drugs [3]. Although many 
drugs have been established for lipid-lowering activity, prolonged use 
and high possibility of its side effects led to an urgency to investigate an 
alternative treatment. Medicinal plants that are traditionally used for 
preventing and treating various diseases are believed to have lower side 
effects and are affordable for the population [4].  

Mulberry belongs to the Morus genus and is widely found in diverse 
climatic environments [5]. Its leaf is empirically used for various 
ailments including hypolipidemic activity. A study reported that 
mulberry possessed antioxidant, antidiabetic, and antihyperlipidemic 
activity [6]. Further research found that it contains flavonoid and 
polyphenol that may be associated with its anti-hyperlipidemic activity 
[7]. Modulation of gene expression related to lipid metabolism was 
concluded on mulberry anti-hyperlipidemic activity [8]. Therefore, this 
study focused on anti-hyperlipidemic activity of mulberry leaf (Morus 
australis Poir) from East Nusa Tenggara that have different constituents 
to those already studied.  

MATERIALS AND METHODS 

This research was a quasi-experimental study with control group 
design using male Wistar rats as animal study. This study evaluated 
the extract and fraction of mulberry leaves in reducing triglyceride 
and total cholesterol levels. It involved several steps including 
extract and fraction preparation, active compound identification, 
and antihyperlipidemic assay. 

Materials 

The materials in this study were ethyl acetate (Merck), formic acid 
(Merck), acetic acid glacial (Merck), dimethylamine (Merck), toluene 

(Merck), and PTU (OGB Dexa), ethanol 10% (Bratachem), n-hexane 
(Bratachem). All reagents were pharmaceutical graded.  

Extraction and fractionation process 

The mulberry leaves (M. australis Poir.) has been collected from 
Mbay area, Nagekeo Regency, East Nusa Tenggara (NTT), Indonesia 
in August 2019. The leaves were green-colored, fresh, and intact. Its 
authentication process was performed at Faculty of Pharmacy, 
Universitas Setia Budi, Surakarta. The determination letter was 
issued under reference no. 113/DET/UPT-LAB/12/XI/2019. 

The gathered leaves then washed under the running water, dried in 
the cabinet dryer, and grounded into powder. For the amount 2000 
grams of grounded mulberry leaves was placed into dark container 
and added 70% of ethanol with a ratio 1:10. During the first 6 h, it 
stirred occasionally and left for the next 18 h. Continuing the process, 
it then filtered, evaporated using a rotary evaporator (50 °C), and 
yielded 18.99% of thick extract. 

The fractionation process started with dissolving 10 grams of the 
extract with a small amount of water, partitioned with 50 ml of water 
and 50 ml of n-hexane in a separating funnel, and repeated three 
times. To obtain the n-hexane fraction, the top layer was separated, 
evaporated using a rotary evaporator, and resulted in 11.70% of the 
fraction. For the bottom layer, it fractionated with 50 ml of ethyl 
acetate and repeated for three times. This separation process resulted 
in ethyl acetate fraction on the top layer and generated 7.5% of 
fraction after being evaporated. The remaining filtrate was then 
concentrated and produced 75.29% of water fraction.  

Phytochemical identification 

Active compound investigation of mulberry leaves covered 
flavonoid, alkaloid, and polyphenols detection. The identification of 
flavonoids was conducted by TLC method using Silica Gel 60 F254 
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for the stationary phase and combination of ethyl acetate eluent: 
formic acid: glacial acetic acid: water as mobile phase. The TLC 
plates were then sprayed using citroborate reagent resulting yellow 
color under 366 nm UV light. Rutin was utilized as standard control 
of flavonoid. 

Meanwhile, for alkaloids, the mobile phase was a combination of 
toluene eluent: ethyl acetate: diethylamine. The TLC spot of 
alkaloids was stained by a Dragendorff reagent that generates 
orange color under 366 nm UV light. Quinine was utilized as 
standard control for alkaloids. Furthermore, the polyphenol 
detection was elucidated by ethyl acetate eluent: formic acid: 
toluene: water and compared to tannins as standard. The green-
black or dark blue spot appears after the plate is sprayed with FeCl3.  

Antihyperlipidemic assay  

This experiment employed 40 healthy male Wistar rats (2-3 mo, 
180-250 grams). The animals were kept under controlled conditions 
at temperature 22±25 ℃, 55±10% of humidity, and 12 h of dark and 
light cycle, fed with standard diet and water ad libitum. All the 
animal procedures have been approved by the ethical committee of 
Faculty of Medicine, Universitas Sebelas Maret, Surakarta, Indonesia 
(reference no. 894/XI/HREC/2019). The animals were divided into 
several groups as follow: normal group (standard diet), 500 mg/kg 
BW of mulberry ethanol extract (MEE), 60 mg/kg BW of n-hexane 
fraction (NHF), 40 mg of ethyl acetate fraction (EAF), 400 mg/kg BW 
of water fraction (WF), 0.9 mg/kg BW of simvastatin and gemfibrozil 
as positive control group, and 0.5% Na CMC as negative control 
group. Except the normal groups, all animals were induced with a 
combination of high fatty diet (HFD) and 0.01% PTU for 28 d to 

achieve the hypercholesterolemia condition. The HFD was prepared 
by homogeneously mixing 200 gr of Comfeed PAR-S, 100 gr of flour, 
8 gr of cholesterol, 0.8 gr of cholic acid, 40 ml of pork oil, and 51.2 ml 
of water. The mixture then made into pellets and dried to 
administered orally to the animals.  

After hyperlipidemia status was reached, the extract and fraction 
then administered for 14 d. To observe the lipid level, the blood was 
orbitally punctured before the induction (baseline), on day 28th, 35th 
and 42nd. The determination of triglyceride was performed by GPO-
PAP and total cholesterol by CHOD-PAP in the laboratory of Center 
for Food and Nutrition Studies, Universitas Gadjah Mada, 
Yogyakarta, Indonesia. 

Statistical analysis 

This study resulted in both qualitative and quantitative data. For 
qualitative data, the phytochemical identification was analyzed by 
comparing the TLC spot with standard control. Meanwhile, the 
quantitative data, the level of triglyceride and total cholesterol were 
presented using mean±SD and analyzed using two-way Anova to 
assess its differences on each group.  

RESULTS 

The active compound of mulberry extract and fraction comprised 
flavonoid (fig. 1), alkaloid (fig. 2), and polyphenol (fig. 3). 
Citroborate spray was used to detect the flavonoid contents 
compared to rutin as standard. The spot was easy to observe under 
366 nm UV light. Based on fig 1., the flavonoid compound was 
detected on an n-hexane fraction, that characterized by the similar 
spot position between NHF and rutin. 

 

Compound Before citroborate spray Visible light After citroborate spray 
UV254 UV366 UV254 UV366 

Flavonoids 

 
a b c d e 

 
a b c d e  

 
a b c d e 

 
a b c d e 

 
a b c d e 

Fig. 1: Identification of flavonoid, Description: (a) MEE (b) NHF (c) EAF (d) WF (e) rutin, identification of alkaloid content (fig. 2) using 
Dragendorff reagent spotted both under 254 and 366 nm UV light. It suggested that mulberry leaves possess alkaloid compounds. 

 

Compound Without dragendorff reagent Visible light With dragendorff reagent 
UV254 UV366 UV254 UV366 

Alkaloids 

 
a b c d e 

 
a b c d e 

 
a b c d e 

 
a b c d e  

a b c d e 

Fig. 2: Identification of alkaloid, description: (a) MEE (b) NHF (c) EAF (d) WF (e) quinine, after FeCl3 spray (fig. 3), polyphenol was 
identified under UV light. It comprised that mulberry contains polyphenol compounds 

 

The measurement of triglyceride (TG) using the GPO-PAP 
method was described on table 1. After 28 d of induction by HFD, 
the TG level increased significantly compared to the baseline 
(p<0.05). The effect of extract and fraction on TG level was 

shown on day 35 and 42. The EAF was the most active on 
lowering triglyceride levels compared to other extract and 
fractions. Even though the TG level was not lower as positive 
control gemfibrozil. 
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Compound Before FeCl3 spray Visible light After FeCl3 spray 
UV254 UV366 UV254 UV366 

Polyphenol 

a b c d e 
 

 a b c d e 
 

 a b c d e a b c d e a b c d e 

Fig. 3: Identification of polyphenol, description: (a) MEE (b) NHF (c) EAF (d) WF (e) tannins 

 

Table 1: The blood triglyceride levels of rats 

Group Triglyceride level (mean±SD, mg/dl) 
D0  D28  D35  D42 

Normal control 77.74±1.66 70.67±3.08 75.91±3.68bcd 78.23±2.44bcd 

Negative control (HFD) 81.04±2.49 129.19±2.97 116.29±2.43acd 122.41±2.92acd 

Positive control Simvastatin  78.96±4.51 128.19±1,77 109.52±2.23abd 99.29±2.31abd 

Positive control Gemfibrozil  66.26±1.93 127.21±2.06 108.24±1.84abc 90.60±4.99abc 

MEE 67.01±4.04 126.64±2.47 113,99±2.84ab 128.35±3.38abcd 

NHF 64.93±1.93 126.78±3.48 115.65±4.04abc 113.57±1.66abd 

EAF 64.76±1.97 127.49±1.91  108.62±1.43abc 104.89±2.70ab 

WF 64.94±2.53 124.10±1.38 118.59±1.95ab 145.06±5.35acd 

Two-way Anova result (p<0.05), a: significantly different to the normal control, b: significantly different to the negative control, c: significantly 
different to the positive control simvastatin, d: significantly different to the positive control gemfibrozil 

 

Another parameter for assessing antihyperlipidemic activity was 
total cholesterol (TC). Based on the result on table 2, HFD not only 
enhances TC but also TC. The TC level on day 28 significantly 
increased compared to the day 0 (p<0.05). Furthermore, the TC level 

on day 42 of EAF demonstrated a lower level of TC identical to the 
positive control. The comparison of TC level on day 35 and 42 
indicated that longer duration of treatment related to the effectivity 
on TC lowering effect. 

  

Table 2: Total blood cholesterol levels of rats 

Group Cholesterol level (mean ± SD, mg/dl) 
D0  D28  D35  D42 

Normal control 89.63±2.26 82.60±2.03 83.23±1.96bcd 88.27±3.22bcd 

Negative control (HFD) 89.90±2.78 190.68±3.92 172.67±3.92acd 172.10±3.96acd 

Positive control Simvastatin  88, 96±1.49 188.35±3.17 157.88±2.53ab 98.85±1.21ab 

Positive control Gemfibrozil  84.54±1.54 187.39±3.01 158,13±2.90ab 92.56±4.03ab 

MEE 87.22±1.81 186.85±2.88 170.55±3.47ad 120.76±1.92abcd 

NHF 88.69±2.39 189.72±3.65 170.80±2.10acd 107.12±1.47abcd 

EAF 88.02±1.38 188, 08±8.08 167.57±1.48ad 96.70±2.45abd 

WF 89.23±2.53 192.74±2.09 171.43±3.54acd 125.67±4.69abcd 

Two-way Anova result (p<0.05): a: significantly different to the normal control, b: significantly different to the negative control, c: significantly 
different to the positive control simvastatin, d: significantly different to the positive control gemfibrozil profile of the average levels of triglycerides 
and total cholesterol on day 28 as shown in fig. 4 and 5.  

 

 

Fig. 4: Triglyceride levels at D0-D28 (mg/dl) 
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Fig. 5: Total cholesterol levels in rats at D0-D28 (mg/dl) 

 

DISCUSSION  

This study identified the presence of flavonoid compounds (fig. 1), 
which similarly reported regarding the content of phenolic acid and 
routine in flavonoids in mulberry leaves [9]. Mulberry leaves contain 
the following flavonoid compounds: quercetin 3-(-malonyl 
glycoside), routine, iso-quercetin, cyanidin 3-rutinoside, and 
cyanidin 3-glucoside. Quercetin is a flavonoid with four phenolic 
hydroxy groups at C5, C7, C3, and C4. Quercetin shows the effect of 
reducing triglyceride and total cholesterol levels [10].  

Furthermore, in vivo experiments have shown that flavonoid and 
phenolic compounds in mulberry leaves can reduce lipids through 
various mechanisms. Mulberry leaf extract enriched with quercetin 
can activate the expression of AMP-activated protein kinase (AMPK) 
and peroxisome proliferator-activated receptor (PPAR)-a that helps 
to increase b-oxidation of free fatty acids and lipid breakdown [11].  

Previous study also found that the isolate of ethanol extract of 
mulberry leaves contained alkaloid compounds with the main 
functional groups O-H, C-H, C-O, and C=C [11]. Its component 
includes 1-deoxynojirimycin (DNJ) [12]. DNJ effectively suppresses 
the increase of blood glucose when consuming large amounts of 
carbohydrates [13]. Thereby it also lowers triglyceride and total 
cholesterol levels as it increases the lipoprotein lipase enzyme. Fig. 2 
shows the results of the identification of alkaloids. 

Fig. 3 shows that mulberry leaves contain polyphenolic compounds, 
which previous research similarly stated. Rich in polyphenol, 
mulberry leaf extract contains caffeic acid, quercetin, and hydroxy 
flavone, which can decrease lipogenesis by regulating the activity of 
synthetic fatty acids (FAS), glycerol-3-phosphate acyltransferase 
(GPAT), sterol regulatory element-binding proteins (SREBP)-1c, and 
X hearts (LXR) receptors [14]. 

Measurement of triglyceride levels in blood serum used the GPO-PAP 
(Glycerol Peroxidase Phosphate Acid) colorimetric enzymatic method 
with the principle of starting with the hydrolysis of lipoprotein lipase 
enzymes into glycerol and free amino acids. Lipase will form a color 
complex that can be measured using spectrophotometry. 
Determination of triglyceride levels was carried out four times, namely 
on day 0 (D0) as the initial blood collection, on day 28 (D28) to 
measure the hyperlipidemia condition of test animals after being given 
a high-fat diet and PTU for 28 d, measurements on day 35 (D35) and 
42 (D42). The latest aims to determine the optimal triglyceride levels 
after being treated. In the normal control group, the HFD control, 
mulberry leaf extract, and water fraction experienced an increase in 
triglyceride levels as shown in table 1. 

The increase in triglyceride levels was associated with the 
administration of HFD for 28 d. HFD can cause an increase in fat cell 
size through lipogenesis that initiates an increase in the number of 
cells from adipocytes through proliferation and transcription of 
sterol regulatory element-binding protein (SREBP)-1. Meanwhile, 
PTU is an anti-thyroid substance that can inhibit thyroid hormone 
and increase triglyceride and cholesterol levels in the blood [14].  

In the other treatment groups, there was a decrease in triglyceride 
levels. However, gemfibrozil is more effective in lowering triglyceride 
levels than simvastatin. Gemfibrozil can increase lipolysis and hepatic 
fatty acid intake. It also decreased hepatic triglyceride production and 
stimulated reverse cholesterol transport [15]. The mechanism of 
action of gemfibrozil in lowering triglycerides is through binding to 
the Peroxisome Proliferator-Activated Receptors (PPARS), receptors 
that regulate gene transcription. This binding increased fatty acid 
oxidation and lipoprotein lipase activity. It also decreased Apo C-III 
expression and eventually triglycerides level. Apo C-III is a small 
polypeptide that is freely transferred from one lipoprotein to another 
by activating lipoprotein lipase to degrade triglycerides or 
triacylglycerols in the chylomicron and VLDL components. Gemfibrozil 
can increase cholesterol's secretion into bile, inhibit triglycerides, and 
suppress the release of free fatty acids from adipose tissue [16]. 

The ethyl acetate fraction group can reduce triglyceride levels 
comparable to both positive and negative controls, while the n-
hexane fraction was equivalent to the positive control's simvastatin. 
This finding explains that mulberry leaf extract and fraction can 
reduce triglyceride levels, although not as good as simvastatin or 
gemfibrozil. Mulberry leaves contain flavonoid compounds, 
alkaloids, and polyphenols which are known to reduce triglyceride 
levels through the mechanism of increasing bile acid excretion [7].  

The method used in measuring total cholesterol level is CHOD-PAP 
(Cholesterol Oxidase Deaminase Peroxidase Aminoantipyrine) with 
the principle that the formation of cholesterol follows enzymatic 
hydrolysis and oxidation. The initial reaction step of the enzymatic 
method is the hydrolysis of cholesterol esters to form free 
cholesterol, followed by an oxidation step that uses oxygen to 
produce hydrogen peroxide (H2O2) through the formation of 
reduced colored oxidation. Table 2 shows the measurement of total 
cholesterol levels using the CHOD-PAP method. The increase in total 
cholesterol levels of plasma in this study resulted from the 
increasing consumption of saturated fatty acids. A saturated, fatty-
acid diet can increase blood cholesterol concentrations by 15-25%. 
Fatty acids can be converted into acetyl CoA through-oxidation. 
Acetyl CoA is a cholesterol precursor, so an increase in the amount 
of this precursor can cause an increase in cholesterol levels in the 
blood. This occurrence will impact the disruption of metabolic 
processes and the excretion of cholesterol in the body, where total 
serum cholesterol levels will increase. 

Mulberry leaf extract, n-hexane fraction, and water fraction were 
significantly different among the control groups. The ethyl acetate 
fraction also showed significant differences between normal, 
negative, and gemfibrozil positive controls. Using two way ANOVA, 
the analysis showed a crucial result (p>0.005). The overall results 
imply that the difference between the measurements of total 
cholesterol levels among test groups on the 42nd day is significant. 
This was indicated by the ethyl acetate fraction having the ability to 
lower total cholesterol comparable to simvastatin positive control. 

Changes in triglyceride levels on day 28 were the results of different 
feed inductions. Fig. 4 and 5 showed that the normal group 
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experienced a decrease in triglyceride levels and an increase in total 
cholesterol, which is contrary to the HFD and PTU-induced groups. 
The results of feed induction demonstrated success in the 
hyperlipidemic conditions of the test animals. Increased levels of 
triglycerides in the blood resulted from excessive glucose intake, in 
that glucose in the blood will be converted into lipids through 
lipogenesis. The process of lipogenesis produces energy needed to 
automatically produce lipids beyond their normal limit. In addition, 
increased triglyceride level also affects chylomicrons and leads to 
very-low-density lipoprotein (VLDL). Chylomicrons serve to carry 
triglycerides from the diet, whereas VLDL serves as a means for 
exporting triglycerides to peripheral tissues [17]. 

The HFD used in this experiment consisted of Comfeed PARS, wheat 
flour, rice flour, corn flour, fish meal, mung bean flour, cholesterol, 
folic acid, lard, beef fat, and water [18]. Judging from the 
compositions of the feed, most of them are high in carbohydrates. 
Giving a high-carbohydrate diet causes an increase in blood glucose 
levels more quickly compared to that of the high-fat diet, which can 
lead to hyperglycemia and hyperinsulinemia. 

Hyperinsulinemia is a condition that causes insulin resistance, 
resulting in decreased lipoprotein lipase activity. The lower the 
activity of this enzyme, the higher the level of triglycerides in the 
blood. Diet settings given to the test animals are the same as body 
weight settings so that it affects the activity of the hormone leptin. 
Consumption of foods rich in carbohydrates and fats will cause an 
increase in the amount of fat stored in adipose tissue, especially under 
the skin and abdominal cavity. If not used immediately, the fats will be 
stored as triglycerides and cause weight gain. This results from a large 
number of fat cells in the body (hyperplastic) and the increase in the 
size of the existing fat cells (hypertrophic) [19]. 

Mulberry leaves contain quercetin, a flavonoid that can lower 
triglycerides by blocking the secretion of apoB 100 in Cacocells2 and 
can reduce MTP activity which plays a role in the formation of 
lipoproteins to catalyze the transfer of lipid molecules to Apo-B. 
Quercetin can also inhibit the activity of the HMG CoA reductase 
enzyme that acts as a cholesterol maker. Therefore, quercetin in 
mulberry leaves can play a role in lowering cholesterol levels [20].  

CONCLUSION  

In conclusion, ethyl acetate fraction of mulberry leaves (Morus 
australis Poir.) was the best in reducing triglyceride and total 
cholesterol levels in rats given HFD and PTU. 
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