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Abstract
Obesity is an epidemic disease characterized by an increased inflammatory state and chronic oxidative stress with high levels of pro-inflammatory 

cytokines and lipid peroxidation. Moreover, obesity alters cholesterol metabolism with increases in low-density lipoprotein (LDL) cholesterols and 
triglycerides and decreases in high-density lipoprotein (HDL) cholesterols. It has been shown that mulberry leaf and fruit ameliorated hyperglycemic
and hyperlipidemic conditions in obese and diabetic subjects. We hypothesized that supplementation with mulberry leaf combined with mulberry 
fruit (MLFE) ameliorate cholesterol transfer proteins accompanied by reduction of oxidative stress in the high fat diet induced obesity. Mice were 
fed control diet (CON) or high fat diet (HF) for 9 weeks. After obesity was induced, the mice were administered either the HF or the HF with
combination of equal amount of mulberry leaf and fruit extract (MLFE) at 500mg/kg/day by gavage for 12 weeks. MLFE treatment ameliorated 
HF induced oxidative stress demonstrated by 4-hydroxynonenal (4-HNE) and modulated the expression of 2 key proteins involved in cholesterol 
transfer such as scavenger receptor class B type 1 (SR-B1) and ATP-binding cassette transporter A1 (ABCA1) in the HF treated animals. This
effect was mainly noted in liver tissue rather than in cutaneous tissue. Collectively, this study demonstrated that MLFE treatment has beneficial 
effects on the modulation of high fat diet-induced oxidative stress and on the regulation of cholesterol transporters. These results suggest that MLFE
might be a beneficial substance for conventional therapies to treat obesity and its complications. 
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Introduction3)

Obesity is an epidemic condition, which has increased 
prevalence in recent decades due to the changes in lifestyles 
including diets [1,2]. Obesity is considered as a risk factor for 
several diseases such as hypertension, type 2 diabetes, dyslipi-
demia, renal disease, cardiovascular disease, and cancer [3]. 
Oxidative stress has been regarded as an important factor in 
obesity [4]. Oxidative stress is described as the imbalance 
between pro-oxidants and anti-oxidants, resulting from increased 
production of reactive oxygen species (ROS) that exceeds the 
ability of antioxidant defense systems [5]. Consequentially, the 
increase of obesity-associated oxidative stress leads to bioche-
mical changes including lipid peroxidation, DNA damage, and 
the change of enzymatic activity [6-8]. 4-hydroxynonenal (4-HNE) 
is recognized as an important biomarker of lipid peroxidation 
in a state of obesity-induced oxidative stress [9]. The concentra-
tion of 4-HNE as a product of oxidative stress was increased 
in obese subjects compared to healthy subjects [10], and in 
particular, the overexpression of 4-HNE level causes fat accum-
ulation that worsens the state of obesity, resulting in metabolic 

syndrome [9]. 
In addition, abnormalities in both lipids and lipoproteins such 

as increases in low-density lipoprotein (LDL) cholesterols and 
triglycerides and decreases in high-density lipoprotein (HDL) 
cholesterols are considered to be the crucial pathway in obesity 
[11]. Moreover, pro-inflammatory markers such as TNF-α and 
CRP may down-regulate the apo A-1 gene expression that could 
correlate with one of the reasons why HDL cholesterol levels 
are lower in the obesity. The low levels of HDL cholesterol could 
be a consequence of increased serum inflammatory molecules 
such as TNF-α and CRP. From this point of view, the scavenger 
receptor class B type 1 (SR-B1), which is defined as a cell surface 
HDL receptor, could be a representative bio-marker to understand 
HDL metabolism along with the several lipoproteins in obesity- 
related change to maintain the lipid and lipoprotein homeostasis.

Accordingly, the increase in SR-B1 expression is correlated 
with decreased plasma levels of HDL cholesterol [12] and hepatic 
SR-B1 expression can be modulated by various factors including 
dietary [13,14], metabolic [15] and pharmacological manipulations 
[16,17] according to previous reports.

Furthermore, ATP-binding cassette transporter A1 (ABCA1) 

§Corresponding Author: Yunsook Lim, Tel. 82-2-961-0262, Fax. 82-2-961-0261, Email. ylim@khu.ac.kr
Received:July 31, 2013, Revised: November 12, 2013, Accepted: November 14, 2013
ⓒ2014 The Korean Nutrition Society and the Korean Society of Community Nutrition
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Giuseppe Valacchi et al. 21

is supposed to possess a role in cellular cholesterol efflux and 
HDL formation [18,19]. Some research reported that dietary 
supplement of Curcumin with moderated intake of alcohol 
increased cholesterol efflux mediated by ABCA1 [20,21]. However, 
according to a recent study, hepatic ABCA1 may not be the main 
contributing factor of HDL metabolism in a model of obesity- 
induced hyperinsulinemia using human apolipopretein B100 
transgenic/brown adipose tissue deficient mice [22]. Thus, there 
is still controversy about the role of ABCA1 in regulating the 
HDL-cholesterol level.

In obese condition, abnormal lipid metabolism in the liver 
causes systemic dyslipidemia including skin. Previous studies 
have been reported the abnormal skin physiology and the delayed 
wound healing in obese subjects [23-25]. 

Our previous studies have reported that combined mulberry 
leaf and fruit extract (MLFE) rich in polyphenols have shown 
anti-obesity and anti-inflammatory effects including beneficial 
effect on dyslipidemia in the high fat diet induced obese mice 
[26,27]. 

Therefore, the aims of this study were to determine the 
expression of SR-B1 and ABCA1 liver and skin in high fat 
diet-induced obese mice and to investigate the effect of MLFE 
on cholesterol metabolism mediated by these markers. 

Materials and Methods

Plant Extraction 

The dried leaves (1.0 kg) and fruits (1.0 kg) were extracted 
with 70% ethanol. The mixture was filtered, evaporated in a 
rotary evaporator, and lyophilized. Using this procedure, the yield 
was 20% and 28% of the starting dry weight of mulberry leaves 
and fruits, respectively. The obtained ethanol extract of mulberry 
leaves (MLE) and fruits (MFE) were kept at -20℃ until it was 
used. 

Animals and Diets

Male 4-week-old C57BL/6 mice were obtained from Orient 
Bio Inc (South Korea) and were housed at a constant temperature 
(22 ± 1℃) with a 12 h dark/light cycle and given access to tap 
water and food ad libitum. After a 1-week acclimation period, 
the animals were randomly divided into two groups, a control 
diet group (CON) and a high fat diet group (HF). Each group 
was treated with either the CON diet (D12450B, 10% kcal fat; 
Research Diets, New Brunswick, NJ, USA) or the HF diet 
(D12451, 45% kcal fat; Research Diets) for 9 weeks, respectively. 
All mice were used in accordance with animal protocols approved 
by Kyung Hee University Institutional Laboratory Animal Care 
and Use Committee (KHUASP(SE) -10-022).

Administration of MLE and MFE to obese mice 

After obesity was induced by the HF diet for 9 weeks, the 
animals were divided into three groups with six mice in each 
group and treated as follows: CON: Non-obese control mice with 
distilled water; HF: obese mice with distilled water; MLFE: obese 
mice with 1:1 ratio of mulberry leaf ethanol extract (MLE) and 
mulberry fruit ethanol extract (MFE) at a dose of 500mg/kg/day 
(250mg/kg/day, 250mg/kg/day, respectively). Treatments were 
administered by gavage 5 times weekly for 12 weeks. During 
the experiment period, body weights were recorded weekly. At 
the end of the experimental period, the animals were anesthetized 
by mixture of Zoletil 50® (Virbac, Carros, France) and 
Rompun® (Bayer Korea, Seoul, South Korea) solution (3:1 ratio, 
1 ml/kg, i.p.) The blood was collected from the postcaval vein 
into heparin-coated tubes to analyze biochemical parameters. 
Plasma was prepared by centrifugation at 3000 rpm for 15 min, 
and frozen. 

Plasma lipid assays

Plasma triglycerides (TG), total cholesterol (TC), and high- 
density lipoprotein (HDL) cholesterol levels were measured 
enzymatically using a commercial kit (Bio Clinical System Co., 
South Korea).

Histological and immunohistochemical analysis 

Liver and skin tissue were fixed in 10% buffered formaldehyde 
and embedded in paraffin. For histological observation, the 
sections (4 µm thickness) were deparaffinized in xylene and 
rehydrated in alcohol gradients and then stained with hematoxylin 
and eosin (H&E). For immunohistochemistry, the sections were 
dewaxed and rehydrated with the same method for histology. 
After dewaxing, the slides were incubated overnight at 4℃ with 
following antibodies: 4-HNE (Millipore Corporation, Billerica, 
MA, USA), SR-B1 (Novus Biologicals, Inc.; Littleton, CO) and 
ABCA1 (Abcam, Cambridge, MA). Then the slides were washed 
three times with phosphate-buffered saline (PBS), and endoge-
nous peroxidase was blocked with 3% H2O2 in absolute methanol 
for 30 minutes at room temperature (RT). Next, the slides were 
incubated with EnVision+ System-HRP (DAKO, Glostrup, 
Denmark) for 45 minutes at RT. Finally, the reaction products 
were stained with diaminobenzidine (DAB), counterstained with 
Mayer's hematoxylin, and mounted with Eukitt mounting medium 
after drying. Images were acquired and analyzed with Axio 
Vision Release 4.6.3 software.

Statistical analysis

These data are expressed as means ± SEM. Statistical signifi-
cance was determined by one-way ANOVA followed by 
Duncan’s test for multiple comparisons using SPSS (12.0K for 
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Fig. 1. Effect of MLFE supplementation on liver (A) and skin (B) morphology 
in high fat diet-induced obese mice. (magnitude × 100) CON: the mice fed the 
control diet, HF: the mice fed the high fat diet, MLFE: the mice fed the HF group 
administered with 1:1 ratio of MLE and MFE at dose of 500 mg/kg/day.

Parameters CON HF MLFE
Body weight gain
(g/for 12weeks)

4.36 ± 0.29a 12.50 ± 1.22c 7.50 ± 1.21b

TC(mg/dl) 100.90 ± 8.17a 153.85 ± 7.92b 120.30 ± 10.31a

HDL-C(mg/dl) 64.39 ± 7.64 62.80 ± 10.98 74.55 ± 7.09
TG(mg/dl) 69.24 ± 6.99a 154.06 ± 20.51b 78.08 ± 14.02a

AI 0.64 ± 0.03a 1.86 ± 0.07b 0.64 ± 0.19a

CON: the mice fed the control diet, HF: the mice fed the high fat diet, MLFE: the 
mice fed the HF group administered with 1:1 ratio of MLE and MFE at dose of 
500 mg/kg/day. AI: atherogenic index = [(TC) - (HDL-C)] / (HDL-C). All values are 
means ± S.E.M. (n = 5-6) Mean values with unlike letters were significantly different 
(P < 0.05).

Table 1. Effect of MLFE supplementation on body weight gain and plasma lipid
profiles in high fat diet-induced obese mice

Fig. 2. Effect of MLFE supplementation on 4-HNE expression of liver (A) and 
skin (B) in high fat diet-induced obese mice. (magnitude × 100) (C) is a 
quantitative estimation for 4-HNE. CON: the mice fed the control diet, HF: the mice 
fed the high fat diet, MLFE: the mice fed the HF group administered with 1:1 ratio 
of MLE and MFE at dose of 500 mg/kg/day. * significant vs respective control. 
# significant within the same group. P < 0.05 

Windows). P values less than 0.05 were deemed to be statistically 
significant. 

Results

Effects of combined treatment of MLFE on body weight gain 
and plasma lipid profiles

The body weight gains in HF diet-fed obese controls were 
significantly higher than those of lean controls. Mice treated with 
MLFE gained body weight less than those treated with only the 
HF diet. Plasma TC and TG levels were higher in the HF group 
than those in lean controls, but MLFE treatment lowered TC 
levels observed in the HF group. No differences in HDL-C levels 
were found among the groups (Table 1).

Effects of combined treatment of MLFE on liver and skin tissue 
morphology 

Histological analyses showed that livers in the HF group had 
macrovesicular and microvesicular steatosis, whereas the MLFE 
treatments showed clearly a lesser accumulation of fat in the 
liver tissues (Fig. 1 upper panel). On the other hand, no signifi-
cant modifications were noticed in skin tissues (Fig. 1 lower 
panel).

Effects of combined treatment of MLFE on liver and skin tissue 
4-HNE formation

It has been well demonstrated that an HF diet correlates with 
an increased systemic oxidative stress; therefore, we wanted to 
determine whether also in our system there was an increased 
oxidative stress status. To do so, we measured the formation of 
the alpha-beta unsaturated aldehyde 4-HNE, a reliable marker 
of the lipid peroxidation, which is induced by redox imbalance. 
As shown in Fig. 2A, a higher number of 4-HNE positive liver 
cells were observed in the HF group in comparison with the 
CON group (Fig. 2C). When the animals were treated with 
MLFE, the levels of liver 4-HNE was significantly reduced to 
the levels of the controls. 4-HNE was strongly produced almost 
all the hepatocytes in the HF group.

The same trend, although less dramatic, was observed in 
cutaneous tissues as depicted in Fig. 2 B, with an increase of 
2.5-fold in the HF group compared to the controls (Fig. 2C), 
while no differences were observed between the control and 
MLFE groups. 

Effects of combined treatment of MLFE on SR-B1 and ABCA1 
expression in liver tissue

Both SR-B1 and ABCA1 are involved in cholesterol transport; 
therefore, we were interested in evaluating whether the HF diet 
and MLFE treatments were able to modulate their expressions. 
As shown in Fig. 3A, SR-B1 expression in both HF treated 
animals was very evident, showing a location of SR-B1 mainly 
seen in hepatocytes surrounding periportal spaces and hepatic 
venules (as appreciable in the detailed picture) (arrows). On the 
other hand, a significant reduction of SR-B1 levels was observed 
in MLFE group with levels similar to the controls (Fig. 3 C).
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Fig. 3. Effect of MLFE supplementation on liver SR-B1 (A) and ABCA1 (B) 
expressions in high fat diet-induced obese mice. (magnitude × 100) (C) is a 
quantitative estimation for SR-B1 and ABCA1. CON: the mice fed the control diet, 
HF: the mice fed the high fat diet, MLFE: the mice fed the HF group administered 
with 1:1 ratio of MLE and MFE at dose of 500 mg/kg/day. * significant vs respective 
control. # significant within the same group. P < 0.05 

Fig. 4. Effect of MLFE supplementation on skin SR-B1 (A) and ABCA1 (B) 
expressions in high fat diet-induced obese mice. (magnitude × 100) (C) is a 
quantitative estimation for SR-B1 and ABCA1. CON: the mice fed the control diet, 
HF: the mice fed the high fat diet, MLFE: the mice fed the HF group administered 
with 1:1 ratio of MLE and MFE at dose of 500 mg/kg/day. * significant vs respective 
control. # significant within the same group. P < 0.05 

As shown in Fig. 3B, similar results were obtained for ABCA1 
expression, with a clear and significant induction of the protein 

in the HF group (2-fold increase, Fig. 3C) and significant 
reduction to the control levels in the MLFE group.

Effects of combined treatment of MLFE on SR-B1 and ABCA1 
expression in cutaneous tissue

As shown in Fig. 4, the expression of both SR-B1 and ABCA1 
in cutaneous tissue had a different trend respect to the liver (Fig. 
3). SR-B1 levels in the HF group were significantly increased 
(2 fold), and it was mainly present in the epidermis with less 
positivity in the dermis (Fig. 3C). MLFE treatment did not affect 
HF induced SR-B1 expression remaining at the same level of 
HF diet fed animals (Fig. 4A).

A similar trend was noticed for ABCA1 expression (Fig. 4B), 
with a strong induction by HF (3 fold) and also in this case 
MLFE treatment did not affect HF diet induced ABCA1 
expression (Fig. 4C). In all groups, ABCA1 was mainly expressed 
in the epidermis, but it is possible to notice its presence in the 
basal dermis layer.

Discussion

The present study demonstrated that MLFE supplementation 
is able to modulate proteins related to cholesterol transport, 
SRB-1 and ABCA-1 in liver and cutaneous tissue accompanied 
by reduction of oxidative stress demonstrated by 4-HNE in HF 
induced obese mice. 

It has been well demonstrated that obesity and also a high 
fat diet are strong inducers of oxidative stress, and among the 
many biological targets of oxidative stress, lipids peroxidation 
is the most prominent [28,29]. Lipid peroxidation generates a 
number of byproducts and the unsaturated aldehydes such as 
4-HNE. 4-HNE is the most toxic molecule among them and also 
a reliable biomarker of lipid peroxidation and oxidative stress. 
4-HNE derives from the oxidation of ω-6 PUFAs, essentially 
arachidonic and linoleic acids, which are the most represented 
fatty acids in bio-membranes. Virtually, all of the biochemical 
effects of 4-HNE can be explained by its high reactivity towards 
the thiol and amino groups of amino acids. Primary reactants 
for 4-HNE are the amino acids cysteine, histidine and lysine, 
which - either free or protein-bound - undergo readily Michael 
addition reactions to the C = C double bond. In a previous study, 
we have demonstrated that 4-HNE is able to bind to the SH 
groups present on SR-B1, which is a mechanism involved in 
SR-B1 degradation [30]. In addition, we have also previously 
demonstrated that oxidative stress down-regulates SR-B1 expression, 
mainly via posttranslational modifications [31,32]. In the present 
work, although the increased levels of oxidative stress was 
demonstrated by 4-HNE in liver and skin tissue of the animals 
fed HF we detected increased levels of SR-B1 in the same tissues 
of the HF group. This apparently controversial data can be 
explained by the fact that SR-B1 has been shown to be modulated 
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by cholesterol levels as well. Spady et al. have shown that SR-B1 
expression and HDL cholesteryl ester transport were increased 
in animals fed polyunsaturated fatty acids [13]. On the other 
hand, other researchers have shown a reduction of hepatic SR-B1 
in rats fed with a diet containing 2% cholesterol [33]. Thus, it 
suggests that the modulation of SR-B1 by cholesterol is not very 
simple. Moreover, it should be taken into consideration that the 
SR-B1 gene contains the consensus site for steroidogenic factor-1 
(SF-1), which is very low in the liver. Although several other 
factors are involved in SR-B1 gene regulation, the exact 
mechanism is still under investigation. In our model, it is a 
possible scenario where, from one side, the presence of 4-HNE 
will induce the loss of SR-B1, and from the other side, other 
factors such as increased levels of cholesterol induce the 
expression of SR-B1. As a result, the levels of SR-B1 will be 
stronger inputs determined at both transcriptional and post- 
transductional levels. 

The effect of MLFE treatment on SR-B1 liver levels in the 
HF fed animals can be conducted to its ability to decrease 
cholesterol levels so as to quench the modulation by cholesterol 
on SR-B1 expression. This effect was not appreciated in 
cutaneous tissue, and this could be a consequence of the different 
location of these organs. Most likely MLFE taken by gavage 
will hardly reach an appreciable level in cutaneous tissues, and 
so its effect on SR-B1 expression in the skin is less evident 
compared to the liver.

SR-B1 has also been shown to be expressed in several tissues 
other than the liver, including the lung, ovary, testis, brain, 
spleen, kidney [34] and, recently, even skin [35]. The role of 
SR-B1 in cutaneous tissue could be related to its ability to 
regulate cholesterol trafficking as suggested by Tsuruoka et al. 
[35], demonstrating that SR-B1 levels decreased during keratin-
ocytes differentiation. Therefore, we can speculate that the HF 
would affect skin physiology modulating keratinocytes differen-
tiation.

In our model, we noticed the presence of fatty liver in the 
HF fed animals, and this can be linked to increased lipid 
peroxidation, since peroxidation of membrane lipids is associated 
with steatosis [36]. The aldehyde product of lipid peroxidation 
induces activation of hepatic stellate cells [37], which are the 
main collagen-producing cells within the liver, leading to 
enhanced extracellular matrix protein deposition. In addition, 
peroxidation products may also contribute to inflammation by 
activating nuclear factor-kappa B (NF-κB), a transcription factor 
regulating the expression of several pro-inflammatory cytokines 
and adhesion molecules [38-40] and ROS production [30] such 
as superoxide anions capable of initiating lipid peroxidation and 
enhanced formation of ROS, leading to increased oxidative stress. 
In this respect, MLFE seems to have an effect on the reduction 
of lipid peroxidation, as demonstrated in our study, where we 
have found significantly reduced 4-HNE levels in liver tissues. 

The current study showed that liver ABCA1 levels were 
increased in the HF group. ABC transporters are linked to 

cholesterol transport. Cholesterol homeostasis results from the 
balance between the de novo synthesis of cholesterol, the uptake 
of cholesterol from lipoproteins, and cholesterol efflux. The 
efflux of cholesterol from cells is mediated predominantly by 
ABCA1, which is a member of the ATP binding cassette 
transporter superfamily [41,42]. ABCA1 promotes the transport 
of cholesterol and phospholipids across cell membranes, where 
these lipids then complex with lipoproteins [42]. Moreover, 
ABCA1 has been shown to be susceptible to oxidative stress 
[43] with an increased expression. This is in agreement with the 
data presented herein, where we detected significant an increase 
in ABCA1 in the HF fed animals. The MLFE treatment was 
able to counteract the HF induced ABCA1 expression, and this 
could be also a consequence of the antioxidant properties of 
MLFE that parallel with the lower level of 4-HNE found in the 
liver of the MLFE-treated group. There were not significant 
effects of MLFE supplementation on levels of SR-B1 and 
ABCA1 in skin tissue. This could be still the consequence of 
the different tissue location, and it would be of interest to 
understand whether a topical application of MLFE would be 
beneficial for cutaneous treatments. Of interest is a recent paper 
from our group showing that CS exposure was able to upregulate 
ABCA1 expression in keratinocytes via the nuclear translocation 
of liver X receptor (LXR), a well-known orphan receptor via 
the modulation of NFκB, which is a regulator of LXR [44].

Our group has already demonstrated that the combined MLE 
and MFE treatments with the HF were responsible for prevention 
of body weight gain compared with the HF group in the previous 
studies and this is the follow-up study of the work in the previous 
studies [26,27]. This is the follow-up study of the work in the 
previous studies [26,27]. Our group has suggested that the 
combined MLFE supplementation has a beneficial effect on lipid 
metabolism, including cholesterol and fat accumulation in HF 
diet induced obese mice. Other studies have shown that mulberry 
leaves containing flavonoids reduced plasma TG, TC, and LDL 
cholesterol in hyperlipidemic rats as well [45,46]. Furthermore, 
mulberry fruit showed a beneficial effect on blood lipid profiles 
and lipid metabolism in hyperlipidemic rats [47]. Our data 
showed that the MLFE treatments significantly reduced plasma 
TG levels and decreased atherogenicity, as shown by a reduced 
AI compared with those in the HF group. These results indicate 
that the MLFE treatments might have a beneficial effect on TG 
and cholesterol metabolism in obese rats.

Increased liver TG depots cause further fat accumulation in 
hyperlipidemic mice [48]. Our histological examination showed 
that livers in the HF group developed macrovesicular and 
microvesicular steatosis, whereas MLFE treatment revealed 
decreased liver fat accumulation in the HF fed animals.

In conclusion, the present study demonstrated that an MLFE 
supplementation would modulate HF induced oxidative stress and 
regulate cholesterol transport proteins in liver and cutaneous 
tissue. These results suggest that MLFE might be a beneficial 
substance for therapies to prevent obesity related complications 
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in liver and/or skin which are related to abnormal lipid 
metabolism.
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