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ABSTRACT 

Background: Nonalcoholic steatohepatitis (NASH) is a common disease that may lead to hepatocellular carcinoma 

(HCC) through fatty liver and cirrhosis. Although the prevalence of NASH is increasing worldwide, there is no cure 

established thus far. Sake lees are a by-product of sake refining, with a known liver-protecting effect. Lactic acid-

fermented sake lees (FSL) are a food produced by lactic acid fermentation and dealcoholization of sake lees. This 

product is commercially available in Japan. Although FSL has been associated with numerous functions, thus far, 

studies have not investigated its hepatoprotective effect. 

Objectives: The objectives of this study are to evaluate the hepatoprotective effects of lactic acid-fermented sake 

lees (FSL) in a mouse model of NASH-HCC, to assess the impact of FSL supplementation on blood glucose levels in 

mice with NASH, to analyze the expression of inflammatory markers in FSL-fed mice compared to controls, and to 

determine the overall efficacy of FSL in inhibiting the progression of NASH. 

Methods: For this study, we established a mouse model of NASH-HCC. Mice were placed on a high-fat diet 

supplemented with FSL from 10 to 14 weeks of age. We assessed the diet's efficacy in halting NASH progression 

compared to a control group. 

http://www.ffhdj.com/
https://doi.org/10.31989/ffhd.v14i5.1341


Functional Foods in Health and Disease 2024; 14(5):334-345        FFHD    Page 335 of 345 

Results: The group fed with FSL exhibited a significant suppression in blood glucose levels and a notable inhibition 

of NASH progression compared to the control group. Protein analysis revealed a reduction in the expression of 

inflammatory markers in the FSL-fed group compared to controls. 

Conclusion: Ingestion of FSL may exert anti-inflammatory and blood glucose-lowering effects and inhibit NASH 

progression. 

Keywords: anti-inflammation, blood glucose, fatty liver, Sake lees 
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INTRODUCTION 

NASH is a typical disease that causes liver dysfunction, 

and its increasing prevalence has become a global 

problem [1-3]. Increased insulin resistance, 

dyslipidemia, increased oxidative stress, induction of 

liver cell death, immune abnormalities, and changes in 

intestinal flora result in the progression of NASH to liver 

cirrhosis and HCC via fatty liver [4-6]. NAFLD 

(Nonalcoholic fatty liver disease) is divided into two 

categories: NAFL, which typically has a good prognosis, 

and NASH, a more severe form of NAFLD, which can 

progress to liver cirrhosis and liver cancer [7]. Although 

various drugs have been used to treat NASH, a well-

established treatment based on sufficient evidence is 

currently lacking. Diet and exercise therapy are 

recommended to prevent the onset and progression of 

NASH. Nevertheless, few medical studies have 

demonstrated the effect of food on the onset and 

progression of NASH [8]. 

Sake lees are by-products of the process of sake 

production. Studies have revealed that sake lees 

improve lipid metabolism [9] and exert a 

hepatoprotective effect [10]. However, it is currently 

unclear whether Sake lees can be consumed on a daily 

basis to prevent the onset and progression of 

dyslipidemia and liver disorders. For example, since 

Sake lees are by-products of sake brewing, they contain 

alcohol. Hence, it cannot be ingested by children, 
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pregnant women, individuals who cannot consume 

alcohol, or vehicle operators. In addition, the taste of 

sake lees are not appealing; thus, this is not a food that 

can be enjoyed on a daily basis. 

Lactic acid-fermented sake lees (FSL) are 

produced by dealcoholization and lactic acid 

fermentation. The production of FSL has improved the 

safety, taste, and functionality of sake lees. A 

component analysis conducted in our laboratory 

showed that the alcohol content in sake lees and FSL 

was 7.5% and 0.7%, respectively. The alcohol content 

in FSL is lower than common soy sauce and miso (i.e., 

2%), which are often used as seasonings in Japan. FSL 

has a similar taste to yogurt, which is also a 

fermentation product of lactic acid bacteria. Therefore, 

FSL can be easily incorporated into foods that are 

ingested on a daily basis (e.g., yogurt). In a mouse 

model of rhinitis allergy, ingestion of FSL decreased the 

frequency of sneezing [11]. FSL may also exert 

hepatoprotective effects similar to those of sake lees; 

however, thus far, there are no reports of such a 

hepatoprotective effect. FSL is a food that can be 

consumed daily and might suppress the onset and 

progression of NASH. This offers a new direction for 

research on foods that may help control the 

progression of NASH. 

The objective of this study was to determine 

whether FSL exerts a hepatoprotective effect in a NASH 

mouse model. 

MATERIALS AND METHODS 

Materials: The FSL used in this study were provided by 

Kikusui Sake Co. Ltd. (Niigata, Japan; 

https://www.kikusui-sake.com/home/jp/). The FSL is 

commercially available as food. FSL was freeze-dried at 

the Niigata Prefectural Agricultural Research Institute  

Food Research Center (Niigata, Japan; 

https://www.pref.niigata.lg.jp/sec/nosoken_syokuhin/). 

The diet preparation was performed by Oriental Yeast 

Co. Ltd. (Tokyo, Japan; https://www.oyc.co.jp/) using 

freeze-dried FSL. 

Animal and experimental designs:  Male newborn 

mice were utilized in this investigation. All procedures 

involving laboratory animals were conducted in 

accordance with institutional and national protocols 

and were approved by the Animal Ethics Review 

Committee of Niigata University (approval number: 

SA00876). C57BL/6J mice were bred in-house and 

housed under controlled conditions with a 

temperature range of 23 ± 2°C, humidity maintained 

at 55 ± 15%, and a 12-hour light/dark cycle. They 

were provided ad libitum access to standard 

laboratory food and tap water. NASH-HCC was 

induced in male mice via a single subcutaneous 

injection of 200 µg of streptozotocin (STZ; 

Sigma–Aldrich, St. Louis, MO, USA) at 2 days after 

birth. Starting at 4 weeks of age, mice were fed a 

high-fat diet (HFD32; CLEA Japan, Tokyo, Japan) ad 

libitum, which continued until either 10 or 14 weeks 

of age. The diets' ingredients and components are 

detailed in Table 1 and Table 2, respectively. The 

control group (n=6) received the regular diet (CE-2; 

CLEA Japan), while the NASH group (n=6) received STZ 

injection and HFD32 diet until 14 weeks of age. The 

NASH+FSL group (n=6) received STZ injection, HFD32 

diet until 10 weeks, and then HFD32 supplemented 

with 20% FSL from 10 to 14 weeks of age. The 

concentration of FSL 20% was chosen based on 

previous studies [9, 12]. At 14 weeks of age, blood 

samples were collected from the right ventricle of the 

mice for serum analysis of liver function and anti-

inflammatory markers. Liver tissue was also collected 

for histological, biochemical, and molecular biological 

analyses [12]. 
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Table 1. Ingredients of HFD32 and HFD + FSL 

Ingredient (%/100 g) HFD32 HFD + FSL 

Casein 24.500 19.500 

Egg white powder 5.000 5.000 

L-cystine 0.430 0.430 

Powdered beef tallow 15.880 N/A 

Beef tallow N/A 12.704 

Safflower oil 20.000 19.000 

Crystalline cellulose 5.500 4.200 

Maltodextrin 8.250 4.667 

Lactose 6.928 3.919 

Sucrose 6.750 3.818 

AIN93 vitamin mix 1.400 1.400 

AIN93 mineral mix 5.000 5.000 

Choline bitartrate 0.360 0.360 

Tert-butylhydroquinone 0.002 0.002 

FSL N/A 20.000 

Total 100.00 100.000 

Abbreviations: FSL, lactic acid-fermented Sake lees; HFD, high-fat diet; N/A, not applicable. 

Table 2. Dietary components of the regular diet (CE-2), HFD32, and HFD + FSL 

Dietary component 

(g/100 g) 

Regular diet 

(CE-2) 

HFD32 HFD + FSL 

Water 9.05 6.2 2.17 

Protein 24.80 25.5 26.61 

Fat 4.60 32.0 32.84 

Ash 7.00 4.0 4.64 

Carbohydrate 54.55 32.3 33.70 

Fiber 4.65 2.9 5.58 

Energy 340.20 507.6 514.70 

Abbreviations: FSL, lactic acid-fermented Sake lees; HFD, high-fat diet. 

Biochemical analysis: Fasting blood glucose levels 

were measured using FreeStyle Freedom Lite (Abbott 

Diabetes Care Inc., Alameda, CA, USA). The levels of 

serum alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), alkaline phosphatase, 

triglycerides, and total cholesterol were measured by 

the SanritsuSelkova Inspection Center Ltd. (Tokyo, 

Japan). All other chemicals that were used were 

purchased from Sigma (Kanagawa, Japan) unless 

indicated otherwise. 

Histological examination: A histological examination 
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was conducted at the Histopathology Core Facility, 

Niigata University Faculty of Medicine (Niigata, Japan). 

Sections of the right lobe of each liver were obtained 

from mice across different groups and promptly fixed 

in 10% formaldehyde solution. Subsequently, they 

were embedded in paraffin, sliced into sections (4 µm 

thickness), and affixed onto glass slides. Following 

deparaffinization, the sections were stained with 

hematoxylin and eosin. Morphological assessment was 

performed using a computerized image analysis 

system, examining 10 microscopic fields per section at 

20× magnification (BX-53; Olympus, Tokyo, Japan). 

Importantly, the observer conducting the analysis was 

blinded to the study groups. NAFLD activity scores 

(NAS) were determined as previously described based 

on the extent of fat content (0–3), parenchymal 

inflammation (0–2), and prevalence of balloon-like 

hepatocytes (0–2). A NAS ≥ 5 indicated the presence of 

definitive NASH [12]. 

Analysis of Liver Collagen Content: Paraffin-embedded 

and formalin-fixed liver sections (4 µm thickness) were 

subjected to deparaffinization followed by staining 

with Masson’s trichrome (MT) stain [12]. The MT 

staining procedure, conducted at the Histopathology 

Core Facility, Niigata University Faculty of Medicine, 

adhered to the manufacturer's instructions (Accustain 

HT15; Sigma–Aldrich).  

Analysis by Western Blotting: For Western blotting 

analysis, liver tissues were frozen, weighed, and 

homogenized in ice-cold buffer containing 50 mM Tris-

HCl (pH 7.4), 200 mM NaCl, 20 mM NaF, 1 mM Na3VO4, 

1 mM 2-mercaptoethanol, 0.01 mg/mL leupeptin, and 

0.01 mg/mL aprotinin. Following homogenization, the 

samples were centrifuged at 3,000 × g for 10 minutes 

at 4°C, and the resulting supernatants were collected 

and stored at -80°C. Total protein concentration in the 

samples was determined using the bicinchoninic acid 

method. 

Subsequently, protein samples underwent SDS 

polyacrylamide gel electrophoresis and were 

transferred to nitrocellulose membranes. The 

membranes were blocked with 5% bovine serum 

albumin in tris-buffered saline with 0.1% tween (TBST) 

and then incubated with antibodies against interferon 

gamma inducible protein-10 (IP-10), IL-1β, high-

mobility group protein 1 (HMG-1), phosphorylated-NF-

κB (p-NF-κB), and toll-like receptor-4 (TLR-4). 

Antibodies were purchased from Santa Cruz 

Biotechnology, Inc. (Santa Cruz, CA, USA) or Cell 

Signaling Technology, Inc. (Danvers, MA, USA) and 

were used at a dilution of 1:1,000. 

After three washes with TBST, the membranes 

were incubated with appropriate horseradish-

peroxidase-conjugated secondary antibodies for 1 

hour at room temperature. Following another three 

washes with TBST, protein bands were visualized using 

a chemiluminescence detection system (Amersham 

Biosciences, Buckinghamshire, UK). Membranes were 

scanned, and densitometric analysis of the signals was 

performed using Image Studio Digits version 4 

(Superior Street, Lincoln, NE, USA). Levels of 

glyceraldehyde 3 phosphate dehydrogenase (GAPDH) 

were measured to ensure equal loading of samples. 

Statistical Analysis: The mean ± SEM represents the 

data. Analysis was conducted using ANOVA, followed 

by Tukey’s method or the Kruskal–Wallis test, and 

Dunn’s multiple comparison test, as deemed suitable. 

Statistically significant differences were denoted by p-

values < 0.05. For statistical analysis, SPSS software 

version 19.0 (IBM Corp., Armonk, NY, USA) was 

employed. 

RESULTS 

Effect of NASH on Clinicopathological and Biochemical 

Parameters in NASH-HCC Mice: Dietary consumption 
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and energy expenditure displayed an incline in the 

NASH group versus the control cohort, albeit lacking 

statistical significance. Conversely, dietary 

consumption and energy expenditure showcased a 

decline in the NASH + FSL group compared to the NASH 

group, with no statistical significance observed. 

Remarkably, both body mass and the liver mass-to-

body mass ratio experienced a notable reduction in 

both the NASH and NASH + FSL cohorts relative to the 

control group. Fasting blood sugar levels demonstrated 

a significant elevation in both the NASH and NASH + FSL 

groups in contrast to the control cohort. Nevertheless, 

a significant reduction in fasting blood sugar levels was 

evident in the NASH + FSL group compared to the NASH 

cohort. Moreover, serum levels of triglycerides and 

overall cholesterol exhibited a noteworthy increase in 

both the NASH and NASH + FSL cohorts compared with 

the control group. Additionally, serum alanine 

aminotransferase (ALT) levels demonstrated a 

substantial elevation in the NASH group relative to the 

control cohort. Although serum aspartate 

aminotransferase (AST) levels were higher in the NASH 

group compared to the control cohort, this disparity 

did not attain statistical significance. Notably, both ALT 

and AST serum levels experienced a significant 

reduction in the NASH + FSL group compared to the 

NASH cohort. Finally, the quantity of epididymal 

adipose tissue showcased a noticeable increase in the 

NASH group in comparison to the control cohort (Table 

3). 

Table 3. Changes in biochemical parameters after four weeks of treatment with FSL in mice with NASH-HCC 

Biochemical parameter Group 

Control 

(n=6) 

NASH 

(n=6) 

NASH + FSL 

(n=6) 

Food intake/day/mouse (g) 3.65 ± 0.57 5.83 ± 2.11 2.45 ± 0.30 

Daily energy consumption per mouse 

(Kcal) 

12.6 ± 2.52 30.5 ± 16.18 12.5 ± 2.00 

BW (g) 27.0 ± 1.7 23.2 ± 3.5* 22.8 ± 1.9* 

Percent of LW/BW 4.6 ± 0.1 8.7 ± 1.5* 7.4 ± 1.1# 

Blood glucose (mg/dL) 154 ± 13.0 475 ± 38.8* 441.3 ± 38.8*# 

Serum TG (mg/dL) 23.3 ± 8.1 66.2 ± 30.3* 98.2 ± 62.7* 

Serum TC (mg/dL) 80.0 ± 6.4 131.5 ± 18.4* 134.8 ± 11.3* 

Serum ALT (IU/L) 20.2 ± 9.8 69.2 ± 44.7* 27.3 ± 19.0# 

Serum AST (IU/L) 106.0 ± 42.6 198.1 ± 93.7 107.8 ± 41.2# 

Serum ALP (IU/L) 359.3 ± 62.0 549.7 ± 393.8 279.8 ± 111.2 

Epididymis fat (g) 0.4 ± 0.1 0.5 ± 0.3* 0.2 ± 0.2 

Values are expressed as means ± SEM. *p < 0.05 vs. normal group; #p < 0.05 vs. NASH group. Abbreviations: ALP, alkaline 

phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BW, body weight; FSL, lactic acid-

fermented Sake lees; LW, liver weight; TC, total cholesterol; TG, triglycerides. 
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Impact of FSL on Hepatic Fibrosis in NASH-HCC Mice: 

Macroscopically, mice treated with STZ-HFD exhibited 

liver swelling, accompanied by hepatic lipid 

accumulation and tumor protrusion within the NASH 

group. Conversely, administration of FSL resulted in 

improved liver architecture with reduced tumor 

protrusion and a moderate degree of lipid 

accumulation (Figure 1A). Histological examination 

using hematoxylin and eosin staining revealed severe 

steatosis, substantial hepatocyte enlargement, and 

widespread infiltration of inflammatory cells in the 

NASH group. In contrast, these histological changes 

were less pronounced in the NASH + FSL group. 

Notably, the NAFLD Activity Score (NAS) was 

significantly elevated in the NASH group compared to 

the control group, while a marked decrease in NAS was 

observed in the NASH + FSL group relative to the NASH 

cohort (Figures 1B and 1C). Additionally, Masson's 

trichrome staining depicted pericellular fibrosis 

surrounding central veins in the NASH group, whereas 

fibrotic deposition was markedly reduced in the NASH 

+ FSL group (Figure 1D).

Figure 1. Effect of FSL on Clinicopathology in NASH-HCC Mice: (A) Macroscopic examination showcasing liver appearance 

(highlighted in red circles: liver tumors). (B) Hematoxylin and eosin (H&E) staining (indicated by black arrows: lipid droplets, yellow 

circles: inflammatory cells). (C) Representation of NAFLD activity score via histogram. (D) Fibrotic deposition assessed through 

Masson's trichrome (MT) staining (depicted in blue). Data are expressed as mean ± SEM. Statistical analysis was performed using 

one-way ANOVA followed by Tukey’s method. *p < 0.05 compared to the normal group; #p < 0.05 compared to the NASH group. 

Abbreviations: FSL, fermented Sake lees enriched with lactic acid; H&E, hematoxylin and eosin; MT, Masson's trichrome.  

Effect of FSL on hepatic inflammatory markers in mice 

with NASH-HCC: We assessed the hepatic 

concentrations of IP-10, IL-1β, HMG-1, p-NF-κB, and 

TLR-4 through western blot analysis. The levels of these 

proteins exhibited a notable elevation in the NASH 

group. Conversely, these concentrations demonstrated 

a significant reduction in the NASH + FSL cohort, 

aligning with mice afflicted with NASH (Figure 2).
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Figure 2. Impact of FSL on Inflammatory Markers in NASH-HCC Mice: Western blot analysis revealed distinct bands 

corresponding to hepatic IP-10 (A), IL-1β (B), HMG-1 (C), p-NF-κB (D), and TLR-4 (E). Representative histograms illustrate 

band densities normalized to that of GAPDH. Each bar represents the mean ± SEM. Statistical evaluation was conducted utilizing 

one-way ANOVA followed by Tukey’s method. *p < 0.05 compared to the control group; #p < 0.05 compared to the NASH group. 

Abbreviations: FSL, fermented Sake lees enriched with lactic acid; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; HMG-1, 

high-mobility group 1; IP-10, interferon-γ inducible protein 10; p-NF-κB, phosphorylated-nuclear factor-kappa B; TLR-4, toll-like 

receptor 4.  

DISCUSSION In 

this study, the NASH + FSL group tended to have lower 

food and energy intake than the NASH group. It has 

been reported that dietary fiber delays the absorption 

of glucose in the intestine and alters the intestinal flora 

to suppress the rise in blood glucose levels [13-14]. 

Sorghum, which is a cereal grain and contains rich 

dietary fiber, suppress postprandial blood glucose [15]. 

In our laboratory, glucose levels and incremental areas 

under curve after intake were significantly lower with 

dietary fiber-enriched brown rice crackers than with 

white rice crackers [16]. In recent years, it has also 

been suggested that dietary fiber exerts appetite-

suppressing and anti-obesity effects [17]. Sake lees are 

rich in dietary fiber. Notably, the HFD + FSL used in this 

study also have a higher dietary fiber content than 

HFD32. In addition, sake lees contain a type of starch 

that remains undigested in the body (i.e., resistant 

starch), which has the same function as dietary fiber 

[18]. In FSL, it is speculated that dietary fiber and 

resistant starch contribute to the suppressive effect on 

blood glucose elevation and appetite. As already stated 

in this article, FSL is produced by fermentation of lees 

with lactic acid bacteria, which suppress blood glucose 

elevation, improve intestinal flora, and reduce 

inflammation. Hence, the observed effects may be 

attributed to lactic acid bacteria [19]. In this study, we 

were unable to analyze the intestinal flora. IP-10 is a 

marker associated with the progression of NASH [20]. 

IL-1β is a marker involved in any stage of NASH, such as 

the promotion of fibrosis and inflammation [20-21]. It 

has been reported that HMG-1 causes inflammatory 

diseases through chronic action [22]. Studies have also 

shown that NF-κB contributes to NASH activity [23]. 

Furthermore, TLR-4 contributes to liver inflammation, 
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fibrosis, and carcinogenesis [24]. Sake lees contain 

antioxidants and, thus, may also have anti-

inflammatory properties [25]. In our investigation, the 

concentrations of inflammatory indicators 

demonstrated a noteworthy elevation in the NASH 

group in contrast to the normal cohort. Nevertheless, 

this elevation was mitigated in the NASH + FSL group. 

It is plausible that in the NASH + FSL group, the 

advancement of NASH was hindered through the 

attenuation of blood glucose escalation. As a result, the 

increase in the levels of inflammatory markers was also 

suppressed. Nonetheless, it is also possible that the 

progression of NASH was suppressed by the anti-

inflammatory effect of FSL. 

The small intestine releases incretin hormones, 

namely gastric inhibitory peptide (GIP) and glucagon-

like peptide-1 (GLP-1). Recent findings have 

demonstrated the significant roles played by these 

hormones in the modulation of appetite and blood 

glucose levels [26-27]. Notably, these incretins are 

strongly influenced by diet. In recent reports, Unbaria 

pinnatifida sporophylls (Mekabu) suppressed blood 

glucose level elevation and promoted GLP-1 secretion 

[28]. In animal experiments, the use of a GLP-1 

preparation enhances the secretion of incretins 

suppressed liver fibrosis [29]. While this study did not 

assess the levels of incretins, it is conceivable that the 

consumption of FSL could have stimulated the 

secretion of these hormones. This effect may have led 

to the reduction of appetite, inhibition of blood 

glucose elevation, and suppression of NASH 

progression (Figure 3). 

Figure 3. Role of blood glucose and inflammation in the progression of NASH. Solid and dotted lines indicate enhancement 

and suppression, respectively. Elevated blood glucose levels exacerbate fatty liver, cause inflammation, and lead to weight gain. 

Inflammation also raises blood glucose levels, leads to weight gain, and exacerbates fatty liver. Weight gain increases blood glucose 

levels and inflammation. Incretin decreases blood glucose levels, results in weight loss, and reduces inflammation. Fatty liver raises 

blood glucose levels and causes inflammation; these effects exacerbate fatty liver and result in progression to NASH. FSL may prevent 

the exacerbation of fatty liver by suppressing the rise in blood glucose levels and inflammation. The relationship between FSL and 

incretin hormones is unknown. Abbreviations: FSL, lactic acid-fermented Sake lees. 

This study is the first to examine the suppressive effect 

of FSL on the progression of NASH. Compared to the 

NASH group, the increase in blood glucose levels, 

expression of inflammatory markers, and progression 

of NASH were suppressed in the NASH + FSL group. It is 

considered that the dietary fiber, resistant starch, and 

lactic acid bacteria contained in FSL contributed to 

these effects as active ingredients. One limitation to 
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this study is a lack of intestinal flora analysis and 

measurement of incretin hormone levels. 

Consequently, it was not possible to elucidate the 

mechanism underlying the hepatoprotective effect of 

FSL. Future research should focus on detecting the 

active ingredients of FSL, determining the levels of 

incretin hormones, analyzing the intestinal flora, and 

elucidating the underlying mechanism. When it comes 

to dietary consumption, although no significant 

differences were observed, there seemed to be a 

tendency towards lower consumption in the NASH + 

FSL group compared to the control group. Significant 

variations in food intake among individuals were 

evident, and FSL might exert an appetite-suppressing 

influence; nevertheless, the exact cause remains 

uncertain since activity levels were not assessed. It is 

necessary to investigate the effects of FSL after 

adjusting the food intake by pair feeding. The sample 

size criteria for the study might be unclear, as having 

six animals in each group (control, HFD, HFD+FSL) may 

not be sufficient for achieving statistical significance in 

the analysis between the groups.  

CONCLUSION 

The findings of this study indicate that intake of FSL 

exerts blood glucose-lowering and anti-inflammatory 

effects, as well as suppresses the progression of NASH. 

FSL has the potential to be a functional food as defined 

by Functional Foods Center [30]. 

Abbreviations: AST, aspartate aminotransferase; ALP, 

alkaline phosphatase; ALT, alanine aminotransferase; 

BW, body weight; FSL, lactic acid-fermented Sake lees; 

GAPDH, glyceraldehyde three phosphate 

dehydrogenase; GIP, gastric inhibitory peptide; GLP-1, 

glucagon-like peptide-1; H&E, hematoxylin-and-eosin; 

HCC, hepatocellular carcinoma, HMG-1, high-mobility 

group 1; HRP, horseradish-peroxidase; IP-10, 

interferon-γ inducible protein 10; LW, liver weight; MT, 

Masson’s trichrome; NAS, NAFLD activity scores; NASH, 

nonalcoholic steatohepatitis; p-NF-κB, 

phosphorylated-nuclear factor-kappa B; STZ, 

streptozotocin; TBST, tris-buffered saline with 0.1% 

tween; TC, total cholesterol; TG, triglyceride; TLR-4, 

toll-like receptor 4. 
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