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Mulberry (Morus alba) leaf has been used in Chinese medicine as the remedy for hyperlip-

idemia and metabolic disorders. Recent report indicated Mulberry leaf extract (MLE) atten-

uated dyslipidemia and lipid accumulation in high fat diet (HFD)-fed mice. Non-alcoholic

fatty liver (NAFLD) is generally considered as the liver component of metabolic syndrome.

The hepatic lipid infiltration induces oxidative stress, and is associated with interleukin-6

(IL-6) and tumor necrosis factor-a (TNF-a) which are regulated by the leptin and adipo-

nectin. MLE could prevent obesity-related NAFLD via downregulating the lipogenesis en-

zymes while upregulating the lipolysis markers. Treatment of MLE, especially at 2%,

enhanced the expression of superoxide dismutase (SOD) and clenched the oxidative stress of

liver. MLE decreased the plasma level of leptin but increased adiponectin. The advantage of

MLE is supposed mainly attributed to chlorogenic acid derivative. We suggest MLE, with

promising outcome of research, could be nutraceutical to prevent obesity and related NAFLD.
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1. Introduction

Overweight and obesity is associated with a great diversity of

diseases involving cardiovascular and metabolic systems [1].

There is a metabolic link between the expanded body fat, high

triacylglycerol (TG), high low density lipoprotein cholesterol

(LDL-C), and low high-density lipoprotein cholesterol (HDL-C),

which leads to impaired metabolic regulation of adipose and

flux of free fatty acids (FFA) [2].

Liver plays an essential role of modulating plasma lipid

level through LDL clearance and HDL recruitment. However,

the lipid uptake must affect the hepatic fat composition and

burden the liver function. Hence the regulation of hepatic lipid

metabolism should be emphasized to prevent dyslipidemia

and accompanying illness. Expressions of fatty acid synthase

(FAS) and 3-hydroxy-3-methylglutaryl-coenzymeA (HMGCoA)

reductase, the important enzymes regulating TG and choles-

terol synthesis, are indicated markers of lipogenesis [3]. As

well, 1-acylglycerol-3-phosphate acyltransferase (AGPAT) is

involved in the synthesis of glycerophospholipid [4]. On the

other hand, the expressions of carnitine palmitoyltransferase-

1 (CPT-1) and peroxisome proliferator-activated receptor a

(PPARa) are critically associated with the process of lipolysis

[5].

Non-alcoholic fatty liver (NAFLD) is generally considered to

be the liver component of metabolic syndrome, which is

frequently accompanied with obesity, dyslipidemia, and in-

sulin resistance [6]. The degree of fat infiltration of liver is

related to the subsequent development of necrosis, inflam-

mation, cirrhosis, and the propensity to progress to hepato-

cellular carcinoma [7]. Increased fat mass and associated fat

gene expression enhance lipogenesis and oxidative stress [8].

The oxidative stress, disrupted nitric oxide (NO) signaling, and

mitochondrial dysfunction are proposed to be pivotal events

that accelerate steatosis and initiate the progression to hep-

atitis and fibrosis [9]. Oxidative stress could be eliminated by

endogenous antioxidative enzymes such as superoxide dis-

mutase (SOD), catalase, and glutathione peroxidase (GPx), or

the exogenous application of antioxidants [10].

The fatty liver index often accompanied with elevation of

aspartate transaminase (AST) and alanine transaminase (ALT)

[11], is independently associated with inflammatory cytokines

interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) [12].

Leptin and adiponectin are adipokines produced by white

adipose tissue. Leptin upregulates TNF-a and IL-6, and is

associated with insulin resistance and type 2 diabetes melli-

tus. In contrast, adiponectin has anti-inflammatory properties

and downregulates the expression and release of proin-

flammatory immune mediators [13].

Mulberry leaf (the leaf of Morus alba), commonly used as

the silkworm diet, has been used in Chinese medicine for

antidiabetes, antihyperlipidemics, and prevention of coronary

artery disease. It contains a lot of components including

flavonoid, which is known as a powerful polyphenol and

antioxidant [14]. Our previous study suggested mulberry leaf

extract (MLE) and its polyphenols possessed antiathero-

genesis effect via Inhibiting LDL oxidation and foam cell for-

mation [15]. A recent report indicated that MLE attenuated the

dyslipidemia and lipid accumulation in high fat diet (HFD)-fed
mice; the mulberry leaf polyphenols induced adipocyte

apoptosis and inhibited preadipocyte differentiation [16].

In the present study, we aim to investigate if MLE improves

the oxidative stress, inflammation, and ratio of adipokines,

thus prevents obesity-induced metabolic disturbance and

NAFLD.
2. Material and methods

2.1. Preparation of MLE and chemical analysis

Fresh mulberry leaves (100 g) were harvested and immedi-

ately dried at 50 �C. The dried leaves were heated in 1500 mL

of deionized water. After filtration, the residue was removed,

and the suspension was stored at �80 �C overnight and then

evaporated with a freeze-dryer. The dried powder remained

was an aqueous fraction of mulberry leaves (MLE), which was

used in the following animal experiment. The polyphenols of

mulberry leaf was extracted as in the previous report (Yang

et al., 2011) [15], and then analyzed for its chemical compo-

sition. In our previous report, the composition analysis

revealed that it contains neochlorogenic acid (35.5%), cryp-

tochlorogenic (31.7%), chlorogenic (23.8%), rutin (9.2%), iso-

quercitrin (5.6%), astragalin acid (5.3%), nicotiflorin (3.5%),

and protocatechuic acid (1.3%) [17].

2.2. Animal experiment

The animal experimental project was approved by the Animal

Model Experimental Ethics Committee of Chung-Shan Medi-

cal University, and was in accordance with the recommen-

dation in the Guide for the Care andUse of Laboratory Animals

of the National Institutes of Health. Briefly, male Wistar rats

(weight 220 ± 10 g) were obtained from LuxBiotech Co.,

Taiwan. The rats were acclimated in laboratory conditions

(23 ± 2 �C, 60 ± 5% relative humidity, and 12 h light/dark cycle),

and fed a basic chow consisting of 12% fat. After one week-

adaptation, the Wistar rats were randomly grouped. Each

group (n ¼ 8) was fed a unique diet for 14 wks and weighed

every 2 wks. The groups and their corresponding meals were

(1) control, normal diet; (2) HFD, normal diet supplemented 2%

cholesterol and 20% lard oil; (3) HFD þ 0.5% MLE; (4) HFD þ 1%

MLE; (5) HFD þ 2% MLE. All the formulas of MLE were added

from 4wk. In the end of the experiment, blood and livers were

collected from rats fasted for 12e14 h and then sacrificed. The

blood was collected by EDTA tubes and centrifuged at

3000 rpm or 10 min at 4 �C. The supernatant plasma was

transferred into new tubes for determination of serum bio-

markers. The livers were quickly frozen in liquid nitrogen for

the extraction of liver lipids or freshly cut into pieces for H-E

stain.

2.3. Serum biochemical markers

The serum sample was collected using ethyl-

enediaminetetraacetic acid (EDTA) tubes and centrifuged at

3000 rpm (1400 g) for 10min at 4 �C. Concentrations of glucose,
TGs, total cholesterol, LDL cholesterol (LDL-C), HDL choles-

terol (HDL-C), FFA, aspartate aminotransferase (AST), alanine
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aminotransferase (ALT) were measured by enzymatic colori-

metric methods using commercial kits (Randox Laboratories,

Ltd., Antrim, UK). The analysis of serumwas carried out by an

automatic analyzer (Olympus AU2700, Olympus Co., Tokyo,

Japan).

2.4. Determinations of total cholesterol and TG in liver

Liverswere extracted from the animals and used for analyzing

their lipid content. Briefly, liver (1.25 g) was homogenizedwith

10 mL of chloroform/methanol (1:2, v/v), and then thoroughly

mixed with chloroform (1.25mL) and distilled water (1.25 mL).

After centrifugation (1500 g for 10min), the lower clear organic

phase solution was transferred into a new glass tube and then

lyophilized. A total of 0.1 g of lyophilized powder was dis-

solved in 1 mL of chloroform/methanol (1:2, v/v) as the liver

lipid extract and stored at 20 �C for less than 3 days. The liver

cholesterol and TGs in the lipid extracts were measured by

enzymatic colorimetric methods using commercial kits

(Randox Laboratories, Ltd., Antrim, UK).

2.5. Preparation of the protein extract of liver

The liver pieces (0.5 g) were added with radioimmunopre-

cipitation assay (RIPA) buffer (5 mL) and protein inhibitors,

and homogenized at 4 �C. The tissue homogenates were

centrifuged (10,000 g for 20 min at 4 �C), and the resulting

supernatants (whole-tissue extracts) were used for Western

blot analyses. The total protein concentrations of the whole

tissue extracts were determined through the Bradford protein

assay kit (Bio-Rad, Hercules, CA, USA).

2.6. Western blot analysis

Equal amounts of protein samples (50 mg) were subjected to

sodium dodecyl sulfateepolyacrylamide gel electrophoresis

(SDSePAGE) and transferred to nitrocellulose membranes

(Millipore, Bedford, MA, USA). Membranes were blocked with

5% nonfat milk powder with 0.1% Tween-20 in Tris-buffered

saline (TBS) and then incubated with the primary antibody

at 4 �C overnight. Afterward, membranes were washed three

times with 0.1% Tween-20 in TBS and incubated with the

secondary antibody conjugated to horseradish peroxidase (GE

Healthcare, Little Chalfont, Buckinghamshire, UK). Antibodies

of FAS and HMG-CoA reductase were obtained from Trans-

duction Laboratory (Lexington, KY, USA) and Upstate

Biotechnology (Lake Placid, NY, USA), respectively. AGPAT

antibody used was Abcam ab76018. Antibodies of PPARa and

CPT-1 were from Santa Cruz Biotechnology (Santa Cruz, CA,

USA). Band detection was thereafter revealed by enhanced

chemiluminescence using electrochemiluminescence (ECL)

Western blotting detection reagents and exposed in Fujifilm

Las-3000 (Tokyo, Japan). Protein quantitative was determined

by densitometry using Fujifilm-Multi Gauge, version 2.2,

software.

2.7. HeE stain of liver

Liver tissues were fixed in 4% paraformaldehyde overnight

and embedded in paraffin by routine procedure. Consecutive
4 mm paraffin sections were made, and processed for histo-

logical examination by conventional methods with hema-

toxylin and eosin (H&E) stain.

2.8. TBARS

0.2 mL liver homogenate was mixed with 0.25 mL of 25% (w/v)

trichloroacetic acid, and then centrifuged (10,000 rpm for

30 min at 10 �C). 0.3 mL supernatant reacted with 0.3 mL of 1%

thiobarbituric acid (TBA) for 40 min at 95 �C in the dark.

Samples were then analyzed by a Hitachi F2000 fluorescence

spectrophotometer with excitation at 532 nm, for measuring

malondialdehyde (MDA), the lipid peroxidation product. The

preparation curve was prepared with 0e50 nm of standards

(r2 ¼ 0.9927).

2.9. Activity of antioxidative enzymes

The analysis of antioxidative enzymes was performed ac-

cording to the previous report [18]. SOD was determined with

a modified Marklundmethod. Catalase activity was measured

with the modified method proposed by Abei. The activity of

GSH-Px was determined by themethod of Lawrence and Burk.

2.10. Enzyme-linked Immunosorbent Assay (ELISA)

Serum concentrations of TNF-a, IL-6, leptin, and adiponectin

were determined in triplicate using a commercial enzyme-

linked immunosorbent assay (TNF-a and IL-6 from RayBio-

tech; leptin from RayBiotech and adiponectin from Assay-

Max™). Briefly, after two-fold dilution, 100 mL diluted serum

sample was added to themonoclonal antibody-coated 96-well

plate at 4 �C overnight. After washed, samples were subse-

quently incubatedwith the secondary antibody for 1 h at room

temperature. Samples were then treated with 100 mL strepta-

vidin (45 min), 100 mL TMB One-Stop Substrate Reagent

(30 min), and 50 mL stop solution, respectively. The OD values

were detected under 450 nm.

2.11. Statistical analysis

The statistical software SPSS v.12.0 was used to analyze the

data. One-way ANOVA was performed (p < 0.05), while

HolmeSidak method was used for post test.
3. Results

3.1. MLE lowered the body weight and body fat

Fig. 1 shows that MLE significantly lowered the body weight

from 6 wk. In the end of experiments, 2% of MLE exhibited a

good effect to decrease the body weight of rats fed with HFD

(500 vs. 560 g). As well, HFD increased the body fat, but 0.2% of

MLE effectively reduced the fat mass (Table 1).

3.2. MLE lowered the serum biochemical parameters

Compared with the control, HFD increased serum TG (90.33

vs. 48.27 mg/dL) and cholesterol (69.89 vs. 59.00 mg/dL).

https://doi.org/10.1016/j.jfda.2017.10.008
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Fig. 1 e Effect of MLE on the body weight of HFD-fed rats. Rats were fed with ND, normal diet; HFD, high fat diet; and HFD

supplemented with different doses of MLE. Data was presented as the mean ± SD. #p < 0.05, ##p < 0.01, compared with the

ND group. *p < 0.05, **p < 0.01 compared with the HFD group.

Table 1 e Effects of MLE on the body fat of HFD-fed rats.

Adipose tissue weight (mg/rat) ND HFD HFD þ 0.5% MLE HFD þ 1% MLE HFD þ 2% MLE

Gonads 1824.27 ± 473.00 11232.63 ± 3615.64## 8987.56 ± 2166.31 10146.67 ± 2236.22 7481.67 ± 3110.53*

Perirenal fat 1054.18 ± 677.41 13990.38 ± 3825.63## 12514.44 ± 1934.32 13935.20 ± 3633.34 8642.70 ± 3828.58**

Mesenteric fat 1088.09 ± 680.76 9796.22 ± 3520.17## 10463.70 ± 2964.70 10385.40 ± 2676.27 6474.10 ± 3375.58*

Subcutaneous 1546.18 ± 715.72 9087.13 ± 3057.13## 8610.56 ± 2771.96 9046.00 ± 3243.30 5893.67 ± 2277.51*

Groin fat 587.55 ± 433.93 3455.38 ± 2823.03## 2397.60 ± 1543.88 2397.00 ± 1043.03 1414.10 ± 608.42*

Total Peripheral fat 6100.27 ± 478.65 47561.72 ± 3871.71## 42973.86 ± 3688.67** 45910.27 ± 4213.86** 29906.23 ± 2758.80**

Total body crude fat 0.05 ± 0.04 0.21 ± 0.05## 0.16 ± 0.04** 0.16 ± 0.03* 0.15 ± 0.05*

ND, normal diet; HFD, high fat diet; HFD þ 0.5% MLE, HFD supplemented with 0.5% MLE; HFD þ 1% MLE, HFD supplemented with 1% MLE;

HFD þ 2% MLE, HFD supplemented with 2% MLE. Data was presented as the mean ± SD. #p < 0.05, ##p < 0.01, compared with the ND group.
*p < 0.05, **p < 0.01 compared with the HFD group.
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Treatment of MLE, especially at 2%, significantly decreased

24% of TG and 26% of cholesterol in HFD-fed rats. While

HDL-C was not altered, LDL-C was slightly elevated in HFD

group (no significance). Treatment of MLE significantly

decreased LDL-C to 14.00 and 13.67 mg/dL, respectively

(Table 2).

The level of AST was not altered, while ALT was signifi-

cantly increased by HFD. Treatment of MLE significantly
Table 2 e Effects of MLE on the serum biochemical parameters

ND HFD HF

AST (U/L) 170.43 ± 22 190.75 ± 29.25

ALT (U/L) 72.57 ± 8.62 84.43 ± 8.73#

TG (mg/dL) 48.27 ± 10.28 90.33 ± 23.49##

CHO (mg/dL) 59.00 ± 10.48 69.89 ± 10.94#

HDL-C (mg/dL) 33.90 ± 6.10 35.38 ± 7.27

LDL-C (mg/dL) 14.11 ± 3.62 20.22 ± 6.51

GLU (mg/dL) 101.30 ± 6.29 110.50 ± 7.17##

ND, normal diet; HFD, high fat diet; HFD þ 0.5% MLE, HFD supplemente

HFD þ 2% MLE, HFD supplemented with 2% MLE. Data was presented as
*p < 0.05, **p < 0.01 compared with the HFD group.
lowered the level of ALT. These results implicate MLE is

effective to counter liver dysfunction induced by HFD

(Table 3).

3.3. MLE lowered the liver lipid

The contents of liver TG and cholesterol was elevated 4 folds

and 6 folds compared with the control. Treatment of MLE
of HFD fed rats.

D þ 0.5% MLE HFD þ 1% MLE HFD þ 2% MLE

188.63 ± 42.15 188.13 ± 38.60 158.38 ± 42.65

66.57 ± 22.10 65.00 ± 9.35** 65.56 ± 10.6**

79.10 ± 11.44 72.82 ± 13.67* 68.91 ± 13.63**

63.00 ± 9.87 59.00 ± 11.41* 51.64 ± 6.99**

36.90 ± 5.09 35.10 ± 6.44 33.80 ± 3.10

18.00 ± 4.21 14.00 ± 3.71* 13.67 ± 4.82*

102.33 ± 7.45 105.89 ± 7.04 105.78 ± 6.00

d with 0.5% MLE; HFD þ 1% MLE, HFD supplemented with 1% MLE;

the mean ± SD. #p < 0.05, ##p < 0.01, compared with the ND group.

https://doi.org/10.1016/j.jfda.2017.10.008
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Table 3 e Effect of MLE on the hepatic lipid content of HFD fed rats.

ND HFD HFD þ 0.5% MLE HFD þ 1% MLE HFD þ 2% MLE

Liver-cholesterol (g/g protein) 0.05 ± 0.02 0.30 ± 0.14# 0.24 ± 0.16 0.17 ± 0.17* 0.06 ± 0.03*

Liver-triglyceride (g/g protein) 0.16 ± 0.05 0.67 ± 0.11# 0.55 ± 0.21 0.44 ± 0.34* 0.34 ± 0.17*

ND, normal diet; HFD, high fat diet; HFD þ 0.5% MLE, HFD supplemented with 0.5% MLE; HFD þ 1% MLE, HFD supplemented with 1% MLE;

HFD þ 2% MLE, HFD supplemented with 2% MLE. Data was presented as the mean ± SD. #p < 0.05, ##p < 0.01, compared with the ND group.
*p < 0.05, **p < 0.01 compared with the HFD group.
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significantly reduced hepatic lipid. 2% MLE diminished half of

the TG, and reduced cholesterol to the level of the control

(Table 3). Histological examination revealed the consistent

finding (Fig. 2). HFD induced the occurrence of fatty liver, but

MLE attenuated the pathogenesis.

3.4. MLE reduced hepatic lipogenesis but enhanced
lipolysis

HFD increased both the expression of FASN and HMGCoAR

about 1.2 folds. Treatment of MLE dose-dependently

decreased these enzymes even below the level of the con-

trol. HFD increased AGPAT about 2.5 folds. 2% of MLE

completely diminished the elevation induced by HFD (Fig. 3).
Fig. 2 e Effect of MLE on the prevention of fatty liver. Rats were f

embedded, sectioned, and then stained with hematoxylin and
On the contrary, HFD decreased CPT1 and PPARa, but MLE

recovered both of the lipolysis markers dose-dependently. 2%

of MLE even increased the level of CPT1 and PPARa slightly

above the control (Fig. 4).

3.5. MLE decreased hepatic oxidative stress but
increased anti-oxidative enzymes

TBARS analysis revealed that HFD increased the oxidative

stress almost 5 folds, which was diminished by MLE. On the

contrary, HFD decreased the level of SOD. Treatment of MLE,

especially at 2%, enhanced the expression of SOD substan-

tially. However, the HFD reduced-expression of catalase and

GSH-Px could not be altered by MLE (Fig. 5).
ed with different diets. After sacrifice, the livers were fixed,

eosin (original magnification: 200£).

https://doi.org/10.1016/j.jfda.2017.10.008
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Fig. 3 e Effects of MLE on the lipogenesis protein of liver. Rats were fed with different diets. After sacrifice, the liver protein

was extracted. FASN, SREBP-1 and AGPAT were analyzed with immunoblotting. Data was presented as the mean ± SD.
#p < 0.05, ##p < 0.01, compared with the ND group. *p < 0.05, **p < 0.01 compared with the HFD group.

Fig. 4 e Effects of MLE on the lipolysis protein of liver. Rats were fed with different diets. After sacrifice, the liver protein was

extracted. CPT-1, PPARa were analyzed with immunoblotting. Data was presented as the mean ± SD. #p < 0.05, ##p < 0.01,

compared with the ND group. *p < 0.05, **p < 0.01 compared with the HFD group.
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Fig. 5 e Effects of MLE on the oxidative stress and antioxidant enzymes of liver. Rats were fed with different diets. After

sacrifice, the liver chops were collected and processed. Data was presented as the mean ± SD. #p < 0.05, ##p < 0.01,

compared with the ND group. *p < 0.05, **p < 0.01 compared with the HFD group.
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3.6. MLE reduced inflammatory cytokines

The level of serum TNF-a was increased 2-folds in HFD-fed

diet, which was completely inhibited by the supplement of

MLE. However, neither HFD nor MLE affected the level of IL-6

(Fig. 6A).

3.7. MLE decreased the level leptin but increased the
level of adiponectin

HFD increased plasma leptin about 2 folds, and MLE returned

the level dose-dependently. Adiponectin was decreased by

HFD, but slightly increased by 2% of MLE (Fig. 6B).
4. Discussion

In the present study, we demonstrated MLE possessed a good

ability to prevent obesity-related NAFLD. MLE regulated the

hepatic lipogenesis and lipolysis enzymes, reduced the liver

lipid, and clenched the oxidative stress of liver. Moreover, MLE

decreased the plasma level of leptin but increased adipo-

nectin, thus could ameliorate the inflammation accompanied

with NAFLD.

In view of the distribution of body fat, there existed the

controversies of whether visceral or subcutaneous fat

contributed to the related metabolic disorder. Kim et al.

measured the fasting levels of serum insulin, FFA, glucose

disappearance rate, and hepatic glucose production after
surgical removal of visceral or subcutaneous fat tissue in

monosodium glutamate-obese rats. They suggested visceral

fat affect FFA level and insulin sensitivity more than subcu-

taneous fat [19]. Hence the redistribution of body fat by

reducing visceral fat and increasing the subcutaneous fat

could be more protective from metabolic syndrome [20].

However, because visceral fat only accounts for a small

amount of total body fat, there is other report indicating

subcutaneous fat as the dominant contributor to the excess of

circulating FFA [21]. Our data showed that treatment of MLE

reduced not only the visceral but also the subcutaneous fat.

The reduction of total body fatmust contribute to decrease the

hepatic influx of FFA, thus prevents the liver steatosis.

Moreover, the hepatic lipid reduction and hypolipidemic

effect of MLE must be attributed to the regulation of hepatic

enzymes inhibiting lipid synthesis and promoting lipid

degradation, thus decrease TG and cholesterol. The hepatic

TG deposition and secretion of TG-rich lipoproteins, affect the

lipoprotein lipase activity and the distribution of lipoprotein

subtypes [2]. In our study, although it is not significant, the

slight alteration of plasma LDL could be resulted from the

lowering of TG.

There is growing evidence that overnutrition negatively

interfere with immune system. In the regulation of inflam-

matory processes, white adipose tissue plays a critical role as

an endocrine organ which produces number of adipokines.

Among them leptin and adiponectin represent a critical link

amongmetabolism and immunity. Leptin, whose serum level

strongly correlates with proportion of body fat stores, is

https://doi.org/10.1016/j.jfda.2017.10.008
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Fig. 6 e Effect of MLE on serum inflammatory cytokines (A) and adipokines (B). Rats were fed with different diets. After

sacrifice, the serum was collected and analyzed with ELISA. Data was presented as the mean ± SD. #p < 0.05, ##p < 0.01,

compared with the ND group. *p < 0.05, **p < 0.01 compared with the HFD group.

j o u r n a l o f f o o d and d ru g an a l y s i s 2 6 ( 2 0 1 8 ) 7 7 8e7 8 7 785
primarily known as a satiety factor suppressing appetite

and stimulating energy expenditure, while also a pro-

inflammatory adipokine inducing T helper 1 cells [22].

Conversely, adiponectin negatively correlates with body fat

mass and is therefore more abundant in lean subjects. Adi-

ponectin, decreased in obesity and conditions associated

with insulin resistance, plays an important role in insulin-

sensitizing, and acts as an anti-inflammatory factor espe-

cially with regard to atherosclerosis [22]. In the present study,

accompanying with the reduction of body fat, we showed

that MLE modulated the serum levels of such adipokines.

Therefore, MLE could attenuate the liver inflammation

associated with NAFLD.

In fact, the increased oxidative stress in accumulated fat

plays a critical role in the pathogenesis of obesity-associated

metabolic syndrome. Production of ROS increased selectively

in adipose tissue of obese subjects, accompanied by the in-

crease of NADPH oxidase and decrease of antioxidative en-

zymes. The oxidative stress caused dysregulated production

of adipokines [23]. We demonstrated HFD-induced fat

deposition and SOD reduction were simultaneously recov-

ered by MLE. The anti-oxidative ability of MLE could atten-

uate the dysregulation of adipocytokines, thus improved
hyperlipidemia and hepatic steatosis. According to Vincent

HK et al., inflammatory pathways induce oxidative stress in

obesity. Adipokine levels increase, indirectly causing ROS

formation via several intracellular signaling pathways and

insulin receptor impairment. Leukocyte infiltration causes

enzymatic formation of ROS. Both pathways generate ROS

and oxidative damage [24].

Our data showed that ALT was significantly lowered in

MLE-treated groups, suggesting MLE is beneficial to prevent

liver dysfunction. As a marker of hepatic disorders, ALT is

associatedwith the pathogenesis ofmetabolic syndrome, type

2 diabetes mellitus and subsequent cardiovascular disease

[25]. According to the report of Chang et al., in the absence of a

detectable ultrasonic change, ALT and AST might be able to

reflect a mild stage of hepatic steatosis, which is sufficient to

mediate the association with insulin resistance and related

complications [26]. Considering the sub-cellular distribution

and biochemical properties of hepatic enzymes, ALT is espe-

cially superior for monitoring early or mild liver changes [27].

The chemical analysis showed that several polyphenols

are contained inMLE, among them chlorogenic acid derivative

is themost abundant. In addition, rutin and quercetin are also

existent. Chlorogenic acid supplement rescued obesity and

https://doi.org/10.1016/j.jfda.2017.10.008
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insulin resistance caused by high-fat feeding ofmale C57BL/6 J

mice. This effect is at least partly, by increasing energy

expenditure and spontaneous locomoter activity [28]. In

SpragueeDawley rats fed with a high-cholesterol diet,

chlorogenic acid markedly altered the increased plasma total

cholesterol and low-density lipoprotein, while decreased

high-density lipoprotein induced by the diet. The hepatic lipid

deposition was significantly attenuated in animals supple-

mented with chlorogenic acid, probably via the up-regulation

of PPAR [29]. Chlorogenic acid inhibited FAS and HMGCoA

reductase, but promoted fatty acid oxidation and PPARa

expression. As well, chlorogenic acid lowered serum leptin

and insulin, while increased serum adiponectin induced by

HFD [30]. Rutin activated brown fat [31], suppressed inflam-

mation inmacrophages, and blocked the HFD-induced obesity

and fatty liver [32]. In the mouse model of NAFLD, quercetin

enhanced mitochondria oxidative metabolism [33], and

ameliorated the dysregulation of lipid metabolism genes via

PI3K/AKT pathway [34]. Hence in the present study, the effect

of MLE could be attributed to the synergistic effects of these

components.

It was estimated that over 20% of the adult population in

developed countries have NAFLD, and the occurrence

increased even among children [6]. We suggest MLE, rich of

various flavonoids and polyphenols, and with promising

outcome of research, could be a nutraceutical to prevent

obesity and related NAFLD.
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