Mulberry leaf polyphenol extracts reduced hepatic lipid accumulation involving regulation of adenosine monophosphate activated protein kinase and lipogenic enzymes
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Abstract

Fat accumulation in the liver increases the risk of developing progressive liver injury. It can induce all the symptoms of metabolic syndrome, which is associated with many additional health problems, including increased risk of obesity, hypertension, insulin resistance, and non-alcoholic fatty liver disease (NAFLD). Therefore, prevention and treatment of fat accumulation in the liver are relevant to health promotion. Mulberry leaf polyphenol extracts (MLPE) have been known to modulate serum fasting glucose, lipid and antiatherosclerosis. However, the effect of MLPE on regulating hepatic lipid metabolism is unclear. This study evaluated the effects and mechanisms of MLPE in reducing hepatic lipid accumulation in cell culture. We found MLPE could regulate hepatic lipid accumulation. Further, numerous lipogenic enzymes, such as FAS (fatty acid synthetase), ACC (acetyl-CoA carboxylase), HMGCR (HMG-CoA reductase) and associated-lipogenic transcriptional factors (SREBP1 and SREBP2) were suppressed by MLPE. Our results show MLPE is able to reduce hepatic lipid accumulation through activation of the AMPK (AMP-activating protein kinase) signaling pathway. It may have potential therapeutic implications for human NFALD. 
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1. Introduction
Unburnt energy is conserved in the form of fat in adipose tissue, leading to obesity and obesity-associated fatty liver disease (FLD) (Evans, Barish, & Wang, 2004). Obesity is closely associated with diseases such as non-alcoholic fatty liver disease (NAFLD), hypertension, hyperlipidemia, arteriosclerosis and cancer (Kopelman, 2000; Tilg & Moschen, 2006; Wellen & Hotamisligil, 2005). Obesity seems to be an important risk factor for non-alcoholic fatty liver disease (Ruderman, Chisholm, Pi-Sunyer, & Schneider, 1998). Therefore, prevention and treatment of NAFLD are relevant to health promotion. 

Cryptogenic cirrhosis has been estimated to account for 5-30% of end-stage liver disease, and it has been asserted many of these cases of cirrhosis and the associated hepatocellular carcinoma represent the progression of NAFLD (Adams, Angulo, & Lindor, 2005). The underlying cause of fat accumulation in NAFLD is mostly due to the synthesis of fatty acids and inhibition of fatty acid oxidation (Reddy & Rao, 2006). Differentiated adipocytes store fatty acids in the form of triglycerols (TG) in their cytoplasm, with involvement of various enzymes such as FAS (Weissman, 1999). Activation of FAS expression through modulation of SREBP-1 has been reported in human breast cancer (Magana & Osborne, 1996). The hepatic TG content in human is significantly correlated with plasma TG level and fat mass (Qureshi & Abrams, 2007). TG is synthesized in the liver, secreted into the blood stream and transported to the peripheral organs, including the adipose tissue (Duval, Muller, & Kersten, 2007; Muller, Lindman, Brantsaeter, & Pedersen, 2003). High intake of saturated fatty acids is associated with a high level of serum cholesterol (Steinberg, 1995). It is believed circulating concentrations of lipids and free fatty acids are increased after high-fat feeding, and the hyperlipidemia as well as the elevated plasma low-density lipoprotein (LDL) may result in initiation of atherosclerosis (Carling, 2004; Hardie, Hawley, & Scott, 2006; Rusinol et al., 2000).
 Mulberry leaf has been used in traditional medicine for antidiabetes, antihyperlipidemics, reducing high blood pressure, high cholesterol and neutral fat (Assy et al., 2000; Steinberg, Parthasarathy, Carew, Khoo, & Witztum, 1989). The literature indicates mulberry leaf possesses anticancer effects and inhibits hyperglycaemia (Zhou et al., 2001). Several studies have reported mulberry leaf has potential antioxidant activity (Kim et al., 1999; Arabshahi-Delouee & Urooj, 2007; Katsube et al., 2006). Our previous studies have shown that mulberry leaf extract (MLE) is rich in polyphenols and can effectively inhibit vascular smooth muscle cells (VSMC) proliferation and migration (Chan et al., 2010; Yang et al., 2011). It contains several functional components, including flavonoids, which are known to be powerful polyphenols and antioxidants (Oliaro-Bosso et al., 2009). 

This study investigated the hepatic hypolipidemia effect of MLPE. The results showed MLPE attenuated OA-induced hepatic lipid accumulation by activating of AMPK signals in hepatic cells.  
2. Materials and methods
2.1. Materials 
The mulberry leaves were collected in Dadu Township, located in central Taiwan. The 3-(4, 5-dimethylthiazol-zyl)-2, 5-diphenylterazolium bromide (MTT), oleic acid, and statin were purchased from Sigma-Aldrich (St. Louis, MO, USA). GSH peroxidase (GPx), superoxidase (SOD) and SREBP antibodies were obtained from Santa Cruz Biotechnology (CA, U.S.A.). Anti-pThr172-AMPK and anti-AMPK antibodies were purchased from Cell Signaling Technology (Beverly, MA, USA). Anti-β-actin and anti-catalase antibodies were purchased from Sigma-Aldrich.

2.2 Preparation of MLE and MLPE
Fresh mulberry leaves (100 g) were harvested and immediately dried at 50℃ in an oven. The dried leaves were heated in 1500 mL of deionized water. Following filtration, we removed the residue. The suspension was stored at -80℃ overnight and lyophilized to obtain MLE particles. For preparation of the polyphenol extract of mulberry leaves (MLPE), 100 g dried powder of mulberry leaves was merged in 300 mL of ethanol and heated at 50℃ for 3 h. The extract was filtered and thereafter lyophilized under reduced pressure at room temperature. The powder was then resuspended in 500 mL of 50℃ distilled water, followed by extraction with 180 mL of ethyl acetate three times, redissolved in 250 mL of distilled water, stored at 70℃ overnight, and lyophilized. 
2.3 Total phenolic content assay

Total phenolic compound content in each extract was spectrophotometrically determined in accordance with the Folin-Ciocalteu procedure by reading the absorbance at 725 nm against a methanol blank (Lakenbrink, Lapczynski, Maiwald, & Engelhardt, 2000). Briefly, samples (20 μl, water added to 1.6ml) were introduced into test tubes, and then 100 μl of Folin-Ciocalteu reagent and 300 μl of sodium carbonate (20%) were added. The tubes’ contents were mixed and incubated at 40℃ for 40min. Absorption at 725 nm was measured. The total phenolic contents were expressed as milligrams per gram of MLPE for gallic acid (GA) and rutin.

2.4 Total polysaccharide content assay

We used the phenol-sulfuric acid method (Siddiqui et al., 2009) to measure the polysaccharide content. The MLE was diluted in deionized water, and the dissolved extracts were filtered through a 0.22 μm filter (MILLEXHA) prior to treatment. Briefly, 100 μl of MLE, 100 μl of phenol (5%), and 500 μl of H2SO4 (95.5%) were mixed and then incubated at room temperature for 15 min. The absorbance at 490 nm was used to determine the amount of carbohydrate in the sample. Different concentrations of glucose (0, 10, 30, 50, 70, and 90 μg/ml) were used as standards.

2.5 Lipid content assay

Lipid content was measured by the acid hydrolysis method. The MLE (1 g) were mixed with hydrochloric acid (20 ml) in a conical flask, then heated in a water bath at 70-80 ℃ for about 50 min. After heating, the mixture was cooled to room temperature, and then 10 mL of ethanol and 20 ml of ethyl ether were added to a separatory funnel. The separatory funnel was vigorously shaken to ensure complete mixing of the two liquid phases. Then, the two liquid phases were allowed to separate for at least 2 h until the layers were clearly separated. The lower solvent was collected in a new beaker, and the upper solvent (ethyl ether) was collected in a conical flask. Ethyl ether (20 ml) was added to the lower solvent and poured into a separatory funnel, which was shaken vigorously to ensure complete mixing of the two liquid phases. The above process was repeated three times. The collected ethyl ether was evaporated under vacuum and then dried in an oven. The weight of the flask was measured and used as the content of lipid after the flask tare weight was subtracted.
2.6 High-performance liquid chromatography (HPLC) assay of polyphenol content

The components of MLE were determined by HPLC analysis using a Hewlett-Packard Vectra 436/33 N system with a diode array detector (Hewlett-Packard, Palo Alto, CA, USA). The HPLC method employed a 5 uM RP-18 column (4.6 × 150 mm i.d.). The MLE were filtered through a 0.22 uM filter disk, and then 20 mg/ml of the MLE was injected into the column. The mobile phase contained two solvents: A, 20 % acetic acid/water; B, 0.5 % acetic acid in water/ acetonitrile.

2.7 Cell culture
HepG2 cells obtained from the American Type Culture Collection were maintained in DMEM supplemented with 10% fetal calf serum, 100 U/ml penicillin, 100 μg/ml streptomycin, and 2 mM L-glutamine and kept at 37℃ in a humidified atmosphere of 5 % CO2. Cells were grown to 70% confluence and then incubated in serum-free medium for 24 h before treatments. To induce FA overloading, HepG2 cells at 70 % confluence were exposed to a long-chain oleic acid (OA). OA/BSA complex was prepared as reported previously. Stock solutions of 1M OA prepared in culture medium containing 1% BSA were conveniently diluted in culture medium to obtain the desired final concentrations. The OA/BSA complex solution was sterile-filtered through a 0.22 μm pore membrane filter and stored at -20 ℃.
2.8 Determination of cell viability MTT Assay

To evaluate the cytotoxicity of MLE and OA, the MTT [3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium Bromide Assay] assay was performed. Cells were seeded at a density of 1×105/ml and treated with various concentrations of MLE and OA for 24 h. After exposure, media were removed, and the cells were washed with phosphate-buffered saline (PBS). Thereafter, the medium was changed to the one containing MTT (5 mg/ml) for 4 h incubation. The viable cell was directly proportional to the production of formation. Following dissolution in isopropanol, the result was read at 563 nm with a spectrophotometer (Beckman DU640).
2.9 Oil red staining
HepG2 cells were cultured in a 6-well plate and treat with various concentrations of MLE. Fallowing treatments, cells were washed three times with iced PBS and fixed with 4% paraformalin for 60 min. After fixation, cells were washed and stained with Oil Red solution (stock solution, 3 mg/ml in isopropanol; working solution, 60% Oil Red stock solution and 40% distilled water) for 10 min at room temperature. After staining, cells were washed with PBS to removed unbound dye, and then observed under a microscope (Olympus, Tokyo).
2.10 Nile red staining
HepG2 cells were cultured in a 6-well plate and treated with various concentrations of MLE. After treatments, cells were washed three times with iced PBS and fixed with 4% paraformalin for 60 min. The cells were stained with 1 μg/ml Nile red for 5 min in phosphate-buffer saline. To quantify Nile red content levels, flow cytometry was performed at an excitation wavelength of 488 nm.
2.11 Statistical analysis

Results are reported as the mean ± standard deviation of 3 independent experiment, and statistical comparisons were evaluated by one way analysis (ANOVA), P< 0.05 was considered statistically significant.
3. Results
3.1 MLE content assay
By extracting dry mulberry leaves, we obtained 27% of water extracts. Polyphenols, are widely found in many plants and has effective functions in lowering lipid and antioxidant effect. Thus, the single-ring type of polyphenol compounds (Gallic Acid, GA) and multi-ring type of polyphenol compounds (rutin) can be used to determine the standard content of total polyphenol. The table 1 show that MLE contains the single-ring polyphenol compounds (21.16 %) and multi-ring polyphenol compounds (26.6 %). We showed that the compositions of MLE were polysaccharide (25 %), protein (2.3 %), and oil (8.4 %). 
Both phenolic acid and flavonoids are the main polyphenols made by plants. We next determined the polyphenolic compositions of MLE via HPLC analysis (figure 1). The analysis of phenolic acids revealed the presence of gallic acid (7.6%), protocatechuic acid (15.3%), and caffeic acid (1.0%), as well as flavonoids including catechin (1.2 %), gallocatechin gallate (5.9 %), epicatechin (0.8 %), rutin (1.9 %), quercetin (1.2 %), and naringenin (2.7 %). Detailed polyphenolic compositions of the MLE are given in table 2.
3.2 The effect of OA, MLE and MLPE on cell viability of HepG2 cells.
By using different concentrations of OA, MLE, and MLPE to treat HepG2 cells, after 24 h, we analyzed cell viability. Fig.2A and B showed, under the concentration of 0.7 mM OA, cell viability is unaffected. When the concentration of OA is more than 0.9 mM, it damages cells, especially under the effect of 1.0 mM OA, and cell viability is only 20 %. The lethal drug doses (IC50) of MLE and MLPE are 8.29 and 0.417 mg/ml each (figure 2C, D). This experiment focuses on the premise intracellular lipid accumulation will not cause any damage to cells. So the follow-up experiment will be based on doses of 1, 2 and 3 mg/ml MLE and 0.1, 0.2, and 0.3 mg/ml MLPE by treating with HepG2 cells.
3.3 The effect of different concentration of OA on lipid accumulation in HepG2 cells 
The above results show cell growth condition is good in 0.1-0.7 mM OA and cell survival rates maintain 100%. Thus, we use 0.2, 0.5, and 0.7 mM OA to culture HepG2 cells to observe the fat accumulation. Fig. 3A is the result of using oil red staining (left), and we observed the phenomenon of the accumulation of cytoplasmic droplets, which is shown by the arrow-signaled part. Nile red fluorescent staining (right) showed fat accumulation distributed red fluorescence. These results indicated fat occured in the cytoplasma in a doses dependent manner. Next, using Nile red staining and flow cytometric analysis to detect the intensity of fluorescence, we find the stronger the intensity of fluorescence is, the more fat it has. Fig. 3B shows cells treated with 0.2, 0.5 and 0.7 mM OA tend to increase 2 to 3 times of the intracellular fat (P＜0.001). In addition, the solvent used to make OA, ethanol, has a slight induction of lipid accumulation, but does not have any significant meaning. The result can prove that OA induces lipid accumulation in the liver cells (Figure 3).
3.4 Inhibition of OA-induced lipid accumulation by MLE and MLPE in HepG2 cells.
Next, we co-treated with OA and MLE, MLPE, and Statin to compare the effect of reducing the intracellular lipid accumulation. Oil red and Nile red staining showed the droplets of oil are clearly visible in cells. The fat content of HepG2 is 2.3 times higher(P＜0.05) than the control group after being induced by OA. (Fig 4A, B) MLE treatment of cells at high doses of 3 mg/ml resulted in reduced lipid content (2.3 fold to 1.5 fold) compared to the OA group. (P＜0.05). Treatment with Statin also reduces lipid content by about 1.5 times ( P＜0.05) compared with the OA group. After co-treatment with OA and different concentrations of MLPE (0.1, 0.2, 0.3 mg/ ml) and statin, the intracellular fat contents were reduced 1.3, 1.0 and 0.8 times respectively (Fig 5C). The results show the ability of MLPE to inhibit intracellular fat accumulation is clearly effective with a higher concentration (figure 5).  The above experimental result shows these three drugs all have the effect of inhibiting intracellular fat accumulation. 
3.5 Effect of MLE and MLPE on the expression of TG synthesis related proteins.
FAS is mainly involved in fatty acid synthesis, so when the amount of sugar or fat in food is too much, it will stimulate significant expression of FAS. As shown in figure 6A, cells induced by OA have 1.17 times the expression of FAS. Compared with the control group, after cells have added 1, 2, 3 mg/ml MLE each, the expression of FAS is 1.02, 0.95 and 0.97 times. Fig. 6B shows cells induced by OA have 1.24 times the expression of FAS. After adding 0.1, 0.2, and 0.3 mg/ml MLPE each, the expression of FAS is 1.20, 1.05, and 0.60 times. This reveals that MLE and MLPE can reduce the expression of FAS in HepG2 cells after being induced by OA, and it is dose-dependent.
The function of ACC is the same as that of FAS, both of which are enzymes for the synthesis of fatty acid. ACC is responsible for catalyzing acetyl-CoA into malnoyl-CoA; FAS can synthesize malnoyl-CoA synthesis into long-chain fatty acids.
In Fig. 6A, the expression of ACC induced by OA is increased 1.81 times, indicating the synthesis of fatty acid is very active. Compared with the control group, when treating with difference concentration of MLE (1, 2, 3 mg/ml), the expression of ACC is decreased 1.70, 1.68 and 1.59 times, respectively. The phosphorylation of ACC was increased 1.63, 1.68, and 2.51 times by MLE (1, 2, 3 mg/ml) treatment, when compared with the control group. Fig. 6A shows, with the increasing concentration of MLE, the p-ACC/ACC ratio varies. The highest expression is treatment with 3 mg/ml MLE and the lowest expression is inducement by OA, meaning MLE, in addition to reducing the phosphorylation of ACC, can inhibit the activation of ACC ( p <0.001).
In Fig. 6B, we know the phosphorylation of ACC in MLPE is 0.1 mg/ml (2.07 times), 0.2 mg/ml (1.31 times), and 0.3 mg/ml (1.07 times) each. Compared with the group induced by OA (2.30 times), it shows a decreasing trend. The expression of p-ACC is 0.1 mg/ml (1.40 times), 0.2 mg/ml (2.10 times), and 0.3 mg/ml (2.01 times) each. Compared with the group induced by OA (1.24 times), it shows an increasing trend. The results of the p-ACC/ACC ratio are shown in Figure 6B. Cells induced by OA will reduce the p-ACC/ACC ratio (p <0.05), while the 0.3 mg/ml MLPE will increase the p-ACC/ACC ratio about 2.0 times (p <0.001), showing that MLPE will inhibit the activation of ACC.
SREBP1 is responsible for the biosynthesis of fatty acids control respectively, such as the transcription FAS and ACC being able to converse the free fatty acid in the liver to TG and store it, and differentiate it in fat cells. Fig. 6A and Fig. 6B show both MLE and MLPE can reduce the expression of SREBP1. From those data, we can validate through inhibition of those transcription factors, MLE and MLPE may regulate the synthesis of fatty acid and cholesterol.
3.6 Effect of MLE and MLPE on the expression of cholesterol synthesis related proteins
Fig. 7A shows the expression of HMGCR induced by OA is 1.75 times. Compared with the control group, after cells have 1, 2, and 3 mg/ml MLE added, the expression of HMGCR is 0.97, 1.07, and 0.98 times. In Fig. 7B, the expression of HMGCR which is induced by OA is 1.20 times. Compared with the control group, after cells have 0.1, 0.2, and 0.3 mg/ml MLPE added, the expression of HMGCR is 0.92, 0.50, and 0.39 times. This reveals both MLE and MLPE can reduce the expression of HMGCR in HepG2 cells after inducement by OA.
Fig. 7A reveals the expression of LDLR induced by OA is 0.91 times. Compared with the control group, after cells have 1, 2, and 3 mg/ml MLE added, the expression of LDLR is 0.78, 0.64, and 0.55 times. Fig. 7B reveals the expression of LDLR induced by OA is 1.07 times. Compared with the control group, after cells have 0.1, 0.2, and 0.3 mg/ml MLPE added, the expression of LDLR is 0.80, 0.74, and 0.47 times. These showed both MLE and MLPE can reduce the expression of LDLR in HepG2 cells after inducement by OA, and it is dose-dependent.

SREBP2 is responsible for the biosynthesis of cholesterol control respectively, such as the transcription HMGCR, and LDLR. Fig. 7A and Fig. 7B show both MLE and MLPE can reduce the expression of SREBP2, and it is dose-dependent. We can validate through the inhibition of those transcription factors, MLE and MLPE may regulate the synthesis of cholesterol.
3.7 Effect of MLE and MLPE on the phosphorylation of AMPK 
By phosphorylation, AMPK can inhibit ACC activity to reduce the synthesis of fatty acid. However, AMPK itself required the phosphorylation of AMPK kinase to be activated. In addition, AMPK is an important regulator in the metabolism mechanism for sugar and fat. In Fig. 8A, for the expression of AMPK induced by OA, there is no change in cells. Compared with the control group, the expression of p-AMPK, after being treated with MLE, significantly increased by 1.18, 1.35, and 1.80 times.
To further confirm ACC activation is regulated by AMPK, we observed the expression of AMPK and p-AMPK. After treated with 3 mg/ml MLE, the p-AMPK/AMPK ratio has an upward trend (p <0.05), which means MLE can activate AMPK (Fig. 8A).
In Fig. 8B, the expression of AMPK is 0.1 mg/ml (0.98 times), 0.2 mg/ml (1.46 times), and 0.3 mg/ml (1.28 times) each. Compared with the group induced by OA (0.83 times), it shows an increasing trend. The expression of p-AMPK is 0.1 mg/ml (1.43 times), 0.2 mg/ml (1.66 times), and 0.3 mg/ml (2.07 times). Compared with the group induced by OA (1.10 times), it shows an increasing trend. As shown in Fig. 8, our results show 0.3 mg/ml MLPE increase the p-AMPK/AMPK ratio by about 2.3 times (p <0.05), indicating MLPE activates the expression of AMPK. We demonstrate that MLE and MLPE can inhibit the activation of ACC by activating AMPK and reduce the lipid synthesis of cells.


3.8 Comparison of MLE, MLPE and Statin for lipogenic enzymes expression.
From the previous experiment, we validate that MLE and MLPE, by inhibiting the expression of FAS, HMGCR, and LDLR, can reduce the synthesis of fatty acid and cholesterol, and confirm it is regulated by AMPK. Next, during the experiment, we add one clinical cholesterol lowering drug Statin, to compare the effectiveness of regulating these proteins. Cells which are induced by OA have Statin (5 μM), MLE (3 mg / ml) and MLPE (0.3 mg / ml) added, and we then use Western Blot to analyze the protein expression (Fig. 8C). In the expression of FAS, the control group induced by OA is 1.07 times. The expression of Statin, MLE and MLPE is 1.10, 0.85, and 0.80 times each. This shows that MLPE has the best inhibition result and Statin shows no variation. In the expression of HMGCR, the expression of the group induced by OA is 1.14 times. The expression of Statin, MLE and MLPE in each group is 1.06, 0.88, and 0.90 times. These show MLE and MLPE have almost the same effectiveness, and are even better than Statin. In the expression of LDLR, the expression of the group induced by OA is 0.96 times. The expression of Statin, MLE and MLPE in each group is 1.05, 0.95, and 0.94 times. This shows those three drugs have no effect in enhancing the effectiveness of LDLR. The experimental results show both MLE and MLPE can inhibit the synthesis of TG and cholesterol, and the pharmacological mechanism of Statin serves as the HMGCR inhibitor, and can only regulate the expression of HMGCR. However, the results also show HepG2 cells treated with 5 μM Statin can reduce the effectiveness of cholesterol synthesis, but because the dose is far lower than that for human therapy, it is not as effective as the use of MLE and MLPE.
4. Disccusion
Obesity is closely associated with diseases such as NAFLD, hypertension, hyperlipidemia, arteriosclerosis and cancer (Kopelman, 2000). The liver plays an essential role in lipid metabolism via regulating lipogenesis and oxidative stress (Madan, Bhardwaj, Thareja, Gupta, & Saraya, 2006). In the present investigation, to verify the inhibition of MLPE of OA-induced lipid accumulation, HepG2 cells were treated with indicated concentrations of MLPE in the presence of OA for 24 h. The results indicate MLPE has an effect on suppressing OA-mediated lipid accumulation (Figure 3C and 4C). Our finding is consistent with previous reports that rutin could significantly reduce the levels of OA-induced lipid accumulation (Wu et al., 2011). Polyphenols are plants secondary metabolites derived from the phenylpropanoid biosynthetic pathway that feature more than one phenolic ring in their basic chemical structure. The MLE maybe inhibit lipid accumulation (Li, Ma, Wang, & Tian, 2005).The major polyphenol components of MLE are gallic acid (7.6 %), Gallocatechin gallate (5.7 %), and protocatechuic acid (4.7 %) (Table 2). Studies have indicated that gallic acid inhibits HFD-induced dyslipidemia (Hsu & Yen, 2007) and protocatechuic acid intake lowered hepatic lipid content in mice (Liu, Lin, Wang, Mong, & Yin, 2010). According to these reports, we infer that these polyphenol might inhibit obesity and hepatic lipid accumulation. Recent studies on obesity in the field of food science have focused on the search for functional food ingredients or herbal extracts that can suppress the accumulation of body fat (Carling, 2004).
The mechanism underlying fat accumulation of NAFLD is mostly due to the synthesis of fatty acids and inhibition of fatty acid oxidation (Reddy & Rao, 2006). We further examined the statins to compare the effect of MLPE with statins on lipid homeostasis. The statins (or HMGCR inhibitors) are a class of drugs that lower cholesterol levels in people. The results show the expressions of FAS and HMGCR in cells increase by OA treatment, and both MLPE can inhibit the expression of those proteins (Fig. 6 and Fig. 7). We suggest mulberry leaves extract may inhibit the synthesis of TG and cholesterol. This is consistent with FAS being the main enzyme in lipogenesis, which is a curative index in obesity treatment (Kemp et al., 2003). Others study have demonstrated that polyphenols are the major compound of mulberry which has antioxidant activity against low-density lipoprotein (LDL) in vitro and in vivo (Ziaee, Zamansoltani, Nassiri-Asl, & Abbasi, 2009; Chou, Chang, Hung, Chen, & Chiu, 2013). It contains several nutritional components including flavonoids, which are known as powerful polyphenols and antioxidants (Oliaro-Bosso et al., 2009; Chang et al., 2013 ).
The function of ACC is the same as that of FAS, both of which are enzyme for the synthesis of fatty acid. AMPK is a multi-subunit enzyme recognized as a major regulator of lipid biosynthetic pathways due to its role in the phosphorylation and inactivation of key enzymes, such as ACC (Zhou et al., 2001). On the other hand, AMPK has been highly valued in the research of lipometabolism. It can adjust the synthesis of fatty acid (Kemp et al., 2003). We therefore examined the effect of MLPE on AMPK activity and the protein expression of SREBP-1. The data showed MLPE-treated cells had significantly increased phosphorylation levels of AMPK (Fig. 8). This agrees with previous studies where polyphenolic extracts from numerous plants activated AMPK (Hwang et al., 2005). Several reports demonstrate AMPK plays a key role in regulating carbohydrate and fat metabolism, serving as a metabolic master which switches its response to alterations in cellular energy change (Winder & Hardie, 1999). Our data also showed the expression of SREBP-1 was reduced in response to MLPE treatment (Fig. 6). This agrees with a recent study suggesting AMPK mediates a decrease in SREBP-1 protein expression (Auger et al., 2005). SREBP-1 is a key lipogenic transcription factor, which directly activates the expression of more than 30 genes (including FAS), dedicated to the synthesis and uptake of fatty acids, cholesterol, and TG (Brown & Goldstein, 1997; Edwards, Tabor, Kast, & Venkateswaran, 2000; Sakakura et al., 2001).

In fact, activation of AMPK has validated a strategy for liver steatosis therapy (Brooks, Brooks, Lee, Lee, & Kim, 2009) and has suppressed FAS expression because it prevents SREBP-1 translocation from the nuclei (Weng, Ho, Ho, & Lin, 2007). This report found FAS has the same ability to activate AMPK and then reduce SREBP-1 expression, finally leading to inhibition of hepatic lipogenesis. In conclusion, we prove MLPE can reduce lipid accumulation. We also propose that AMPK is pivotal in closing the anabolic pathway and promoting catabolism by down regulating the activity of key enzymes in the lipid metabolism, such as, HMGCR, ACC, and FAS. MLPE can suppress fat accumulation in the liver and could be developed as a potential therapeutic treatment to reduce the formation of a fatty liver and NAFLD.
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Figure Legends
Figure 1. HPLC chromatogram of MLE. HPLC chromatogram of MLE (20 mg/ml) showed nine kinds of standard polyphynols. The arrow indicated the retention time of polyphenols.
Figure 2. Cell viability of HepG2 cells were treated with OA, MLE and MLPE. (A-B) HepG2 cells were treated with OA under different concentration (0.1-3.5 mM) for 16 h and analyzed by MTT assay. The data were mean±SD from 4 samples for each group. (C-D) Cultured HepG2 cells were treated with various concentrations of MLE and MLPE for 24 hours and analyzed by MTT assay. The data were mean±SD from four samples for each group. C, control; E, ethanol
Figure 3. OA induced lipid accumulation in HepG2 cells. (A) Cultured cells had induced lipid accumulation with OA. Cellular neutral lipid accumulation using Oil red staining (left) and Nile red staining (right) were measured. The white arrow indicated lipid dropts. HepG2 cells were incubated at 2.4×106 cells/well. Representative fluorescent photomicrographs are shown (× 200). (B) Quantification of intracellular fat content with flow cytometric analysis. The data were mean±SD from three samples for each group. **p < 0.001 in relation to the control group. C, control; E, ethanol.
Figure 4. Inhibition of OA-induced lipid accumulation by MLE in HepG2 cells. (A-B) Cultured cells were induced lipid accumulation with OA for 16 h and treated with MLE (1-3 mg/ml) or statin (5 μM) for 24 h. To measure cellular neutral lipid accumulation by using Oil red staining and Nile red staining. HepG2 cells were incubated at 2.4×106 cells/well. Representative fluorescent photomicrographs are shown (× 100). (C) Quantification of intracellular fat content with flow cytometric analysis. The data were mean±SD from three samples for each group. #p < 0.05 in relation to the control group. *p < 0.05 in relation to the OA-induced group. **p < 0.001 in relation to the OA-induced group. C, control; E, ethanol; S, statin
Figure 5. Inhibition of OA-induced lipid accumulation by MLPE in HepG2 cells.

(A-B) Cultured cells were induced lipid accumulation with oleic acid (OA) for 16 h and treated with MLPE (0.1-0.3 mg/ml) or statin (5 μM) for 24 h. To measure cellular neutral lipid accumulation using Oil red staining and Nile red staining. HepG2 cells were incubated at 2.4×106 cells/well. Representative fluorescent photomicrographs are shown (× 100). (C) Quantification of intracellular fat content with flow cytometric analysis. The data were mean±SD from three samples for each group. #p < 0.05 in relation to the control. *p < 0.05 in relation to the OA-induced group. **p < 0.001 in relation to the OA-induced group. C, control; E, ethanol; S, statin
Figure 6. Effect MLE and MLPE on the expression of TG synthesis related proteins. (A) Cultured cells were induced lipid accumulation with OA for 24 h and treated with MLE (1, 2, 3 mg/ml) and (B) MLPE (0.1, 0.2, 0.3 mg/ml). Protein expressions were detected by Western blot analysis. Actin was used as a control. C, control; E, ethanol. Quantification of FAS, p-ACC/ACC and SREBP1 was depicted means±SD from three samples for each group. ##p < 0.001 in relation to the E control. *p < 0.05 in relation to OA-induced group. **p < 0.001 in relation to the OA-induced group. C, control; E, ethanol.
Figure 7. Effect MLE and MLPE on the expression of cholestrol synthesis related proteins. (A) Cultured cells were induced lipid accumulation with OA for 24 h and treated with MLE (1, 2, 3 mg/ml) and (B) MLPE (0.1, 0.2, 0.3 mg/ml). Protein expressions were detected by Western blot analysis. Actin was used as a control. C, control; E, ethanol. Quantification of HMGCR, LDLR and SREBP2 was depicted means±SD from three samples for each group. ##p < 0.001 in relation to the E control. *p < 0.05 in relation to OA-induced group. **p < 0.001 in relation to the OA-induced group. C, control; E, ethanol.
Figure 8. Effect MLE and MLPE on the phosphorylation of AMPK and expression of lipogenic enzymes. (A) Cultured cells were induced lipid accumulation with OA for 24 h and treated with MLE (1, 2, 3 mg/ml) and (B) MLPE (0.1, 0.2, 0.3 mg/m). (C) Cells were induced lipid accumulation with OA for 24 h and were treated with MLE (3 mg/ml), MLPE (0.3 mg/ml) and statin (5 μM). Actin was used as a control. AMPK phosphorylation (pThr172-AMPK), FAS, HMGCR, and LDLR were detected by Western blot analysis. Quantification of p-AMPK/AMPK and proteins were depicted means±SD from three samples for each group. ##p < 0.001 in relation to the E control. *p < 0.05 in relation to the OA-induced group. **p < 0.001 in relation to the OA-induced group. C, control; E, ethanol; S, statin.
Table 1 Composition of MLE (mulberry leaf extract)

	MLE
	%

	Polyphenolic component
	

	Gallic acid (as standard)
	21.16

	Rutin ( as standard)
	26.6

	Polysaccharide
	25.0

	Protein
	2.37

	Lipid
	8.40


Table 2 HPLC chromatograms assay

	
	Content of phenolic compounds in MLE
	

	Phenolic acid
	MLE (%)
	RTa (min)
	Flavonoids
	MLE (%)
	RTa (min)

	Gallic acid
	7.6
	7.9
	Catechin
	1.2
	21.7

	Protocatechuic acid (PCA)
	4.7
	15.3
	Gallocatechin

Gallate (GCG)
	5.9
	24.8

	Caffeic acid
	1.0
	27.4
	Epicatechin
	0.8
	29.3

	
	
	
	Rutin 
	1.9
	38.4

	
	
	
	Quercetin
	1.2
	56.9

	
	
	
	Naringenin
	2.7
	60.5

	
	
	
	
	
	


a RT as retantion time
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