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Abstract

Mulberry leaves are one of the medicinal plants empirically used by people to reduce
cholesterol levels. Previous study found that mulberry leaves contain flavonoids, act as
cholesterol-lowering and tannins function to inhibit the absorption of food, including fat in the
GI tract. The objective of this study is to determine the effect of mulberry leaf ethanol extract on
increased HDL levels and to determine the inhibition of the formation of foam cells in male
Wistar strain rats given the atherogenic diet. Thirty male Wistar rats were divided into six
groups, which were normal group, negative control, positive control, and three groups of
mulberry leaf extract at a dose of 25, 50, and 100 mg/200g BW rats, respectively. The HDL
levels were measured pre- and post- treatment on days 0, 28, 35 and 42. The results showed that
the most effective dose augmenting the HDL as well as inhibited the formation of aortic wall
foam cell was the ethanol extract at a dose of 100 mg/200 g BW. In conclusion, mulberry leaves
ethanolic extract have the potency to be developed as a natural cholesterol-lowering agent.
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1. INTRODUCTION

The death incidence due to coronary heart disease (CHD) in Indonesia was almost
2.0 million people aged between 15-55 years old in 2017 (Uli, et al., 2020). Based on
the Indonesia national health survey in the past ten years, the number of CHD tends to
increase each year and counted as the 3% leading mortality (Hussain, et al., 2016).
Cholesterol is one of the precursors of steroid compounds which exist in the body,
synthesized from acetyl-CoA and forms mevalonic acid through complex pathways
(Murray, et al., 2008). Sutejo, (2006), suggested that the liver synthesizes most
cholesterol and a small portion which absorbed from the diet. The presence of
cholesterol in blood vessels in high amounts create deposits or plates which narrow or
clog arteries that cause atherosclerosis, whichin turn has an impact on CHD (Xu, et al.,
2018).

HDL is anti-atherogenic because it lifts excess cholesterol in the blood vessel
tissue to the liver which is released through the bile ducts (Dewi, et al., 2012).
Epidemiological evidence and its clinic present a negative relationship between HDL
cholesterol and CHD. Dietary interventions can raise HDL cholesterol levels and at the
same time, reduce CHD. Thus, efforts needed for prevention, for instance by using
hypolipidemia drugs.

Mulberry leaf or Morus australis Poir is an herbal plant well-known by the people
of Indonesia as a traditional treatment for cough, fever, diabetes, anemia, and
hypertension (Hariana, 2008). Its growth is wildly and easily found in Indonesia and
usually taken for its fruit. The ethanol extract of the mulberry leaf contains quercetin,
where its compound belongs to the flavonoid glycoside group. Flavonoid glycosides are
phenol compounds which act as protein coagulators (Lenny, 2006). Ethanol is a
solubilizing solution that can dissolve tannins and flavonoids because the content of
these compounds is a compound which has cholesterol-lowering properties (Chairungsi,
et al., 2006). Tannins are efficacious in the process of compaction of the mucous layer
of the digestive tract, thus, it inhibits the absorption of food substances, including fats
and cholesterol, by the digestive tract (Smeriglio, et al., 2017).

The results of previous studies by Valacchi et al. (2014), stated that the
combination of mulberry leaf and fruit extracts influence high-fat diets to regulate
cholesterol transport in rat liver hence. This combination was useful for preventing
obesity. Therefore, researchers were interested in conducting research on the activity of
mulberry leaf ethanol extract on HDL levels and investigating the inhibition of mulberry
leaf extract on the formation of foam cells in the aortic wall of male Wistar rats (Rattus
novergicus) induced by atherogenic diet.

Previous study found that combination of 500 mg/kg BW extract of mulberry
leaves and berries has been effectively proven regulating cholesterol transport
(Valacchi, et al., 2014). Meanwhile, this study used a half reference dose (250 mg/kg
BW) since it only used the mulberry leaves. It was also known that the mulberry leaves
possess similar active compound as mulberry.

2.  RESEARCH METHOD

This study was a quasi-experimental with control design. Utilized rats as animal
study, this study investigated the protective effect of mulberry leaves extract against
CHD events by rising the HDL level. To pursue that objective, this study covers several
steps including preparation of mulberry leaves extract, animal study, and observation of
body weight, HDL level and formation of foam cells (Lamanema, 2005).
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Mulberry leaves extraction. Amount 600 grams of mulberry leaf powder was
placed in a dark-colored container or bottle, added with 70% ethanol as much as 4.5 L.
The maceration took 5 days long, and filtrate was gathered at the end of the process for
further concentrated using rotary evaporator. To obtain a thick extract, the solvent
evaporation procedure was maintained at 50°C.

Experimental animal. Thirty-six male Wistar rats were employed to this study
with inclusion criteria which were healthy, weighing between 175-250 g, aged 16-18
weeks. The animals were maintained in controlled condition at temperature 22+3°C,
humidity 44-56%, and under 12/12 hours of light/dark cycle, also feed normally with
water ad libitum. The rats were acclimatized a week prior experiment and divided into
six group randomly (n=6 rats each group) as follow: normal control (normal feed and
water ad libitum), negative control (atherogenic diet), positive control, and three doses
of ethanolic mulberry leaves extracts (25, 50, and 100 mg/200g BW of rats
respectively). For normal control, the rats were only administered with normal feed
(Confeed PAR-S) and water ad libitum, while others were treated with atherogenic diet
which contains Confed PAR-S, flour, quail egg yolk, cholic acid, lard, and water for 28
days to induce hypercholesterolemia. The negative control group was given 0.5% Na
CMC, and 0.18 mg simvastatin was administered for positive control. Meanwhile,
ethanolic mulberry leaves extract groups were treated at a dose 25, 50, and 100 mg/kg
BW of rats, respectively. All the treatment was delivered for 14 days starting after
hypercholesterolemia was confirmed. During the study, the rats were weighed before
the treatment and every week until it was terminated.

HDL measurement. The HDL level was determined by blood orbital vein puncture on
the day 0, 28, 35 and 42.The measurement of day 0 was intended to know the initial
level while day-28 was to confirm the hyperlipidemia state after induction. The rat’s
total cholesterol level that exceeds 54 mg/dL was classified as hypercholesterolemia.
For investigating the effect of the treatments, the HDL level was evaluated on day 35
and 42. The HDL level (mg/dl) was determined using CHOD-PAP method as follow:
0.5 ml venous orbital blood was centrifugated (15 min, 3000 rpm), incubated for 20
minutes (20-25°C) and observed using a readable Stardust absorption photometer.

Foam cell of the aortic wall observation

Foam cell of the aortic wall observation. At the end of the study, all animals were
euthanized and necropsied for isolating the abdominal aortic cross-section. It then
processed of HE staining to observe the presence of the foam cells. HE staining was
prepared by cutting the tissue and arranged on tissue cassette for dehydration process.
Once it was blocked with paraffin liquid, cut for 3-5 um size using microtome, and
placed on the glass slide for staining using hematoxylin and eosin. The HE stains
resulted on blue and red color with a clear balance that made it easier to observe on its
cell component.

The data were statistically analyzed using paired-sample T-test (p<0.05) to
determine the effect of atherogenic diet induction between day 0 and 28. Furthermore,
one-way Anova test followed by Tukey post hoc test were utilized to understand the
differences of the HDL level on each group of treatment, particularly the effect of
various dose of mulberry leaves extract.

3. RESULTS AND DISCUSSION

The ethanolic mulberry leaves extract was a thick green color, distinctive smell
and had sticky also smooth appearance. The extraction process yielded 14.67% thick
extract from 600 grams of mulberry leaves powder.
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In this hyperlipidemia study models, body weight was measured periodically as
seen in figure 1.
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Figure 1. The body weight of animal study (Group I: normal control; II: negative control Na
CMC 0.5%; III: positive control simvastatin; IV-VI: mulberry ethanolic extract dose 25, 50, 100
mg/kg BW rats, consecutively)

The weight of the animals during almost 8 weeks of study had no significant
differences (p <0.05) for all groups. Although there was a slight increase of the BW, it
showed the effect of atherogenic diet that could induce the weight gain. Closely
observed, the negative groups showed higher trend of body weight since it induced by
the diet continuously without any treatment. Overall, the body weight data revealed that
there was an increase of rat’s BW but still in normal range. It also proved that the diet
was successful on hyperlipidemia model.

To investigate the effect of mulberry extract, the HDL level was determined. It is
understood that hypercholesterolemia lowers the HDL level (Jia, et al., 2013). As
described in figure 2, the HDL level on day 0 was significant difference compared to
day 28 (p<0.05) which emphasized the successful induction of atherogenic diet and
supported previous statement. The HDL level then increased post treated using
mulberry leaves ethanolic extract. The effect was dose dependent, higher dose
administered higher level of HDL was described and it was statistically difference for
each group (p<0.05). The extract at dose 100 mg/200 g BW displayed the strongest
effect on augmenting the HDL level that almost similar to the positive control,
simvastatin. Therefore, the mulberry leaves ethanolic extract at 100 mg/200 g BW
possessed most effective anti-hyper cholesterol effect than other doses.
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The HDL Level of Rats Treated by Mulberry Leaves Ethanolic
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Figure 2. The HDL levels (mg/dL) of animal study (Group I: normal control; II: negative
control Na CMC 0.5%; III: positive control simvastatin; IV-VI: mulberry ethanolic extract dose
25, 50, 100 mg/kg BW rats, consecutively)

Mulberry leaves are believed to be an anti-hypercholesterolemia due to its
flavonoids content (Syamsuhidayat& Hutapea,1991). Flavonoids as an active
component as cholesterol-lowering substances, are semi-polar that may dissolve in
semi-polar solvents (Mills & Bone, 2000). An in vitro experiment revealed that
flavonoids inhibit LDL oxidation and reduce the cytotoxic effects of oxidized LDL even
though the mechanism underlying this effect is not yet found.

According to Vallachi, et al., (2014), it is stated that flavonoids reduce
triglyceride, LDL, and total cholesterol levels in hyperlipidemic rats. Flavonoid as a
family of polyphenols attributed as an anti-cholesterol and anti-inflammatory effects in
rats was induced by high-fat diets. Furthermore, polyphenols augment HDL levels and
reduce LDL levels. Hence, it induces the plasma lipid level back to normal in this study.
Another finding accounted flavonoids are able to increase HDL levels by increasing
Apo Al production (Ruel, et al., 2006), which role is as an enzyme cofactor for LCAT
and a ligand to interact with lipoprotein receptors in tissues as well as having protective
properties against atherosclerosis (Murray, et al., 2008). Furthermore, flavonoids reduce
the blood cholesterol levels by inhibition of cholesterol synthesis and increase LDL
receptor expression (Zeka, et al., 2017). Other compound in mulberry leaves is alkaloids
which possess ability to reduce the blood cholesterol level (Zhang, et al., 2018), and
tannin which is correlated with mucous production in GI tract thus inhibits the
absorption of fatty food intake.

Along with HDL level that elevated after treated by mulberry extract in this study,
further investigation on foam cell formation in abdominal aortic wall was intended to
deeply understand the effect on cellular level. Early signs of atherosclerosis in vascular
wall structure were dysfunction or vascular injury, especially endothelial, followed by
lymphocyte mobilization, macrophage formation, lipid deposition, the proliferation of
smooth muscle through the activity of mitogenic factors and the synthesis of the
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extracellular matrix monocytes (Wierda et al., 2010). These monocytes attach to the
cytoplasmic endothelium, then infiltrate between endothelial cells and lays in the
subendothelial region which then into scavenger cells and later into macrophages. Some
of the function of macrophages is to ingest and cleanse fat, especially Lalith oxidized
through special receptors called scavenger receptors. Then, Scavenger cells then
become foam cells, which is the beginning of fatty streaks (Japardi, 2002). The
gathering of macrophages in the sub intima region causes increased endothelial damage.
These cells produce and secrete toxic substances and oxidative metabolites such as
oxidized LDL and superoxide anions. All those processes initiate the endothelial
impaired.

Figure 3 presented the histopathological profile of abdominal aortic wall to
observe the presence of foam cell induced by high cholesterol level. As normal control
only feed normally without induction, there was no foam cell detected. Meanwhile, in
negative control, the foam cell was confirmed presenting on the smear. Similar to the
negative control, the histopathological preview on the mulberry leaves extracts at dose
25 and 50 mg/100 g BW found the appearance of foam cells though not much as
negative control. On contrary, the extract at 100 mg/200 kg BW successfully inhibited
the formation of foam cell closely to the profile on positive control as well as the normal
control. This result corresponds to the HDL data that higher level of HDL is equivalent
to smaller production of foam cell in abdominal aortic wall as an initial sign of

atherosclerosis.
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Figure 3. Histopathological profile of abdominal aortic wall (HE staining, 40x) (A: normal
control; B: negative control; C: positive control; D-F: mulberry extract dose 25, 50, 100 mg/200
g BW; En: endothelial; LA: adventisia layer, TM: tunica media; TI: tunica intima; SB: foam
cells)

A study confirmed that alkaloids, one of mulberry active compound, improved
endothelial function by promoting nitric oxide (Sawangjaroen, et al., 2004). Moreover,
it reduced atherosclerosis lesion and inflammatory marker like ICAM-1, VCAM-1 and
C-RP (Amran, et al., 2011).
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4. CONCLUSION

Based on the results, it can be concluded that the administration of mulberry leaf
(Morus australis Poir.) ethanolic extract increases the HDL levels and inhibits the
formation of foam cells in the aortic wall of male white Wistar strain rats induced by
atherogenic diet. The most effective dose augmented the HDL as well as constrained the
formation of foam cells was 100 mg/200 g BW of rats. Further research studying on its
toxicity profile is important to conduct since the anti-hypercholesterolemia treatment
routinely requires long duration.
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