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Abstract 

An increasing number of patients worldwide are being diagnosed with nonalcoholic fatty liver 

disease and nonalcoholic steatohepatitis (NAFLD/NASH) because of the growing prevalence of 

obesity and metabolic disorders. The incidence of NAFLD is higher in postmenopausal women than 

in premenopausal women. The decline in the level of female hormones might have an effect on the 

deterioration of metabolism. 

In the present study, we investigated the potential of Spontaneously Diabetic Torii (SDT) fatty rats 

as a new animal model for NAFLD. We created a menopausal model by ovariectomy (OVX) in female 

rats. Sprague-Dawley (SD) rats, SDT rats, and SDT-fatty rats were divided into sham and OVX groups 30 

and maintained until 40 weeks of age. The results showed that OVX-induced weight gain was 

observed in SD and SDT rats. In addition, OVX-induced hepatic triglyceride accumulation was 

increased in all strains, and there was a significant increase in hepatic triglyceride levels in OVX-SDT 

fatty rats compared to those in Sham-SD rats. Furthermore, liver fibrosis was worsened in the OVX-

SDT fatty rats. In addition, OVX-induced increase in blood ALT level was observed in SDT-fatty rats. 

Gene expression analysis showed OVX-induced upregulation of Srebp1 expression and 



downregulation of Pemt and Mttp in OVX rats. These results indicate that OVX-SDT fatty rats exhibit 

NASH with more severe hepatic fibrosis than untreated animals, suggesting that OVX-induced 

estrogen reduction may have enhanced lipid synthesis in the liver. It is also possible, although 

hypothetical, that OVX may decrease VLDL secretion, which may more strongly induce NASH. 
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Introduction 

Nonalcoholic fatty liver disease (NAFLD) is a chronic liver disease, which has been diagnosed in an 10 

increasing number of patients worldwide. NAFLD is a continuum of non-alcoholic liver dysfunction 

ranging from simple steatosis to nonalcoholic steatohepatitis (NASH), and some of them progress to 

cirrhosis and liver cancer (Friedman et al., 2018). The majority of NAFLD patients have obesity, type 

2 diabetes, and dyslipidemia; multiple factors (genetic, environmental, and epigenetic) are thought to 

influence disease development and progression, unlike in viral hepatitis and autoimmune liver diseases 

(Pais & Maurel, 2021). In recent years, in addition to these factors, age and sex differences have been 

considered factors responsible for the development of NAFLD. The prevalence and incidence of 

NAFLD tends to be higher in men than in premenopausal women (or those younger than 50–60 years), 

and higher in postmenopausal women (or those older than 50–60 years) (Lonardo et al., 2019). This 

difference in the incidence and prevalence of NAFLD based on sex and age might be because of the 20 

presence of male hormones or female hormonal changes due to menopause. In fact, in young women 

with NAFLD, higher testosterone levels are associated with a higher risk of NASH and NASH-induced 

liver fibrosis, as well as a high risk of abdominal fat (Sarkar et al., 2021). Furthermore, menopause is 

associated with changes in body composition, specifically with increased levels of intra-abdominal fat 

and increased waist circumference corrected for BMI, both of which are linked to an increased risk of 

metabolic diseases, including type 2 diabetes (DiStefano, 2020). In vitro studies using human 

hepatocytes have shown that 17-β-estradiol inhibits cell death, mitochondrial dysfunction, and 

triglyceride accumulation under NAFLD-like conditions, suggesting that it has hepatoprotective 

effects (Farruggio et al., 2020). In in vivo, non-obese male rats have decreased whole-body insulin 

sensitivity compared to female rats (Nadal-Casellas et al., 2012), and higher liver lipid accumulation 30 

when fed a high fat diet (HFD) (Stöppeler et al., 2013). There have been many reports on the influence 

of sex hormone differences on metabolic diseases, and as mentioned above, the same possibility has 

been suggested for NAFLD/NASH. There is evidence of protective effects of female hormones on 

hepatocytes and liver tissue at the in vitro and in vivo levels, which is consistent with the fact that the 

incidence of NASH in women increases after menopause. 

The etiology and pathogenesis of NAFLD/NASH are complex, and not all of them are clear. Although 



the gold standard for NASH animal models has not yet been established, a variety of models exist. 

The SDT-fatty rat is a type 2 diabetes model in which a leptin receptor mutation is introduced into 

the genetic background of SDT rats. This mutation is an obesity gene in Zucker fatty rats. SDT-fatty 

rats show obesity, hyperglycemia, and hyperinsulinemia due to polyphagia at a young age (Masuyama 

et al., 2005), and female SDT-fatty rats show NASH-like symptoms at a high age without food loading 

(Ishii et al., 2015). Since many human patients with NAFLD are also obese and have type 2 diabetes 

mellitus (Tilg et al., 2017), we hypothesized that this model would be useful for studying the 

pathogenesis of NAFLD in humans. The ovariectomized (OVX) animal model is a postmenopausal 

female model that allows for NAFLD-like pathogenesis, such as steatosis and liver damage (Fukui et 

al., 2011; Kanaya et al., 2011). The main objective of this study was to investigate the possibility of 10 

using OVX-SDT fatty rats as a new NASH model by assessing the pathogenesis of NAFLD. For this 

purpose, we determined the pathological changes in the liver after OVX, measured the body weight, 

blood biochemical values, and lipid content of the liver, and evaluated the expression of lipid synthesis 

and fibrosis-related genes in the liver. OVX was also applied to SD rats as normal controls and SDT-

fatty rats as genetic background controls, and various evaluations in the liver were performed.  

 

 

Materials and Methods 

 

Animals 20 

Female SD rats, female SDT fatty rats, and female SDT rats were purchased from CLEA Japan Inc. 

(Tokyo, Japan). At 6 weeks of age, each rat lineage was divided into two groups (n = 5): a sham group 

and an ovariectomized (OVX) group. The animals were housed in a room climate-controlled for 

temperature (23 ± 3°C), humidity (55 ± 15%), and lighting (a 12 h dark-light cycle). All animals were 

fed a normal diet (CRF-1, Oriental Yeast Co., Ltd., Tokyo, Japan) and had free access to water. One 

animal in the SD rat sham group died during the experimental period, bringing the total number of 

animals in this group to n = 4. All remaining animals were necropsied at 40 weeks of age. All 

experimental protocols and animals were used according to strict compliance with our own laboratory 

guidelines for animal experimentation. 

 30 

Tissue sampling and histopathological evaluation 

Dissections were performed at 40 weeks of age. Animals were sacrificed by exsanguination under 

isoflurane anesthesia. The livers were sampled for determining the hepatic lipid content and analysis 

of mRNA expression and histopathology. The samples for liver lipid mass and mRNA analysis were 

frozen at -80°C until use. For pathological analysis, the livers were fixed in 10% neutral buffered 

formalin immediately after collection. The tissues were paraffin-embedded by standard techniques and 



thin-sectioned (3 to 5 μm). For histopathological evaluation and liver fibrosis analysis, tissue sections 

were H&E stained and Sirius red stained, respectively. The Sirius red-positive area ratio was used as 

a liver fibrosis marker. Immunohistochemical examinations were conducted using antibodies against 

CD44 (Cell Signaling Technology, Inc., Danvers, MA, USA). Histofine Simple Stain Rat MAX-PO 

(MULTI) (Nichirei Bioscience Inc., Tokyo, Japan) was used as a secondary antibody, and the signals 

were visualized using 3,3ʹ-diaminobenzidine (Wako Pure Chemical Industries, Ltd., Osaka, Japan). 

 

Hepatic lipid contents 

Approximately 100 mg of liver sections were taken in tubes, and zirconia beads and methanol 

(0.5 mL) were added. The samples were homogenized using a mixer mill (MM300 Retsch) (25 Hz, 10 

10 min). To extract lipids from the homogenized solution, 1 mL of chloroform was added and mixed. 

All samples were then centrifuged (10,000 × g, 5 min, 4°C) and the supernatant (0.5 mL) was 

collected in other tubes and dried with nitrogen gas. The residue was dissolved in 0.5 mL 2-propanol. 

The TG, TC, and PL concentrations of the sample solutions were measured as fatty liver-related 

markers using a biochemistry automatic analyzer (Hitachi 7170S; Hitachi, Tokyo, Japan). 

 

mRNA quantification 

Total RNA was extracted from approximately 20 mg liver sections using the GenElute™ Mammalian 

Total RNA Miniprep Kit (MilliporeSigma, Burlington, Massachusetts, USA) according to the 

manufacturer’s protocols. Reverse transcription was performed using the High-Capacity cDNA 20 

Reverse Transcription Kit with an RNase Inhibitor (Applied Biosystems, Foster City, California, USA) 

to synthesize complementary DNA (cDNA) from 1 μg of total RNA. For reverse transcription, the 

reaction mixture was incubated at 25°C for 10 min, 37°C for 120 min, and 85°C for 5 min. Gene 

expression was quantified using TaqMan Gene Expression Assays: Liver lipid-related genes: Fasn 

(Rn00569117_m1), Scd1 (Rn06152614_s1), Srebp1 (Rn01495769_m1), Pemt (Rn00564517_m1), 

Mttp (Rn01522963_m1); Fibrosis-related genes: Col1a1 (Rn01463848_m1), Acta2 (Rn01759928_g1), 

Tgfb1 (Rn99999016_m1); Endogenous control gene: Gapdh (Rn99999916_s1). Real-time PCR was 

performed in a 10 μL reaction mixture contained 10 ng of cDNA with QuantStudio 7 Flex (Thermo 

Fisher Scientific, Waltham, Massachusetts, USA). The cycle parameters included 10 min at 95°C 

followed by 40 cycles of 15 sec at 95°C and 60 sec at 60°C. 30 

 

Biological parameters 

Body weight was measured at 6, 8, 16, 24, 32, and 40 weeks of age. Blood samples were collected 

from the rat tail vein at the beginning of the study and before autopsy to measure the following blood 

biochemical parameters: glucose (GLU), insulin (INS), triglycerides (TG), total cholesterol (TC), 

phospholipid (PL), alanine aminotransferase (ALT), and aspartate aminotransferase (AST). GLU, TG, 



TC, PL, ALT, and AST levels were measured using respective product kits (Roche Diagnostics, Tokyo, 

Japan) and an automatic analyzer (Hitachi). INS levels were measured using enzyme-linked 

immunosorbent assay (ELISA) kits (Morinaga Institute of Biological Science, Yokohama, Japan). 

 

Statistical analysis 

All values are expressed as the mean ± standard deviation (SD). Statistical analyses between groups 

were performed as follows: Student's t-test or Aspin-Welch’s t-test was used to compare the means of 

the two groups. In the comparison of multiple groups, Bartlett's test was first used to test for equal 

variability among the groups. As a result of the Bartlett test, Dunnett's test was used if data followed 

homoscedasticity, and Kruskal-Wallis test, followed by Dunn's multiple comparisons test, was used as 10 

a nonparametric test method if samples had no equal variances. The criterion for a significant 

difference was set at P < 0.05. 

 

 

Results 

OVX-induced obesity was observed in SD and SDT rats; SD rats showed significant weight gain 

compared to sham from 16 weeks of age (10 weeks after OVX), which continued until autopsy 

(Fig. 1A), and SDT rats showed significant weight gain from 2 to 10 weeks after OVX. The body 

weight of the OVX group remained higher than that of the sham group until autopsy (no significant 

difference) (Fig. 1C). In contrast, SDT-fatty rats were more obese than SD and SDT rats throughout 20 

the study period, but no OVX-induced weight gain was observed in the same strain (Fig. 1B). This 

suggests that OVX-induced weight gain may be difficult to detect in SDT-fatty rats because they are 

extremely obese under normal conditions. 

 

The liver weight per body weight of SDT-fatty rats tended to be greater than that of SD and SDT rats 

in the same treatment. In contrast, no increase in liver weight was observed in either strain of OVX 

rats (Fig. 2A). To evaluate lipid accumulation in the liver, hepatic TG, TC, and PL contents were 

measured in the liver sections. The liver TG content was markedly increased, and PL content was 

considerably decreased in the OVX group of SDT-fatty rats compared to that in the Sham group of SD 

rats (Fig. 2B–D). 30 

 

The blood GLU, INS, TG, TC, and PL levels of SDT-fatty rats were significantly higher than those 

of SD rats at the beginning of the study, suggesting that they developed diabetes and abnormal lipid 

metabolism. AST and ALT levels, indicative of liver damage, were also significantly higher. No 

abnormalities were observed in the blood biochemical parameters of SDT rats of the same age, 

suggesting that they did not develop diabetes at the beginning of the study (Fig. 3). Blood chemistry 



values at necropsy showed significantly higher levels of TG, TC, and PL in both Sham and OVX rats 

compared to those of the Sham group of SD rats (Fig. 3B–D). There was also a significant increase in 

ALT levels in the SDT-fatty OVX group (Fig. 3E). A significant increase in blood insulin levels was 

observed only in the sham group of SDT rats compared to those in SD rats (Fig. 3G). As an effect of 

OVX in SDT-fatty rats, blood TG, TC, and PL tended to decrease (though not significantly different). 

 

Microphotographs of liver tissue with H&E stain are shown in Figure 4A. Fatty liver and hypertrophy 

of hepatocyte in SDT-fatty rats tended to be exacerbated by OVX (Table 1). As inflammation marker 

of liver, CD44 immunostaining was performed; however, inflammation was largely unaffected by 

OVX (Fig. 4B and Table 1). Liver fibrosis is an important index for assessing the disease prognosis in 10 

patients with NASH. Liver fibrosis was assessed by liver sections stained with Sirius Red. There was 

a significant increase in the area of hepatic fibrosis in OVX SDT-fatty and SDT rats compared to that 

in Sham rats. However, this change was not observed in OVX SD rats (Fig. 4D). In histopathological 

imaging, OVX of SDT-fatty rats showed fibrous extension from the central venous region of the 

lobules to the surrounding tissues, and OVX of SDT rats showed Sirius Red-positive areas in the 

tissues, whereas in SD rats, these changes were hardly observed in OVX rats (Fig. 4C). OVX-induced 

liver fibrosis was found to be progressive in an animal model with a diabetic background. 

 

The mRNA levels of lipid-related genes (Fasn, Scd1, Srebp1, Pemt, and Mttp) and fibrosis-related 

genes (Col1a1, Acta2, and Tgfb1) in the liver were measured using real-time PCR (Fig. 5). Compared 20 

with that in the Sham rats, Srebp1, a lipid synthesis gene, was upregulated approximately two-fold in 

OVX of SDT fatty rats (Fig. 5C), and the expression of Pemt, a major PL synthase in the liver, and 

Mttp, which is involved in the secretion of very low-density lipoprotein (VLDL), was significantly 

decreased (Fig. 5D–E). In contrast, there was no change in the expression of fibrosis-related genes 

(Fig. 5F–H). In OVX SDT rats, Fasn and Srebp1 mRNA expression was significantly upregulated, 

and Scd1 also showed an upregulation trend (P = 0.0626) (Fig. 5A–C), while Pemt and Mttp mRNA 

levels were unchanged (Fig. 5D–E). These results showed that there was a difference in the profile of 

OVX-induced hepatic gene expression between SDT-fatty rats and SDT rats. 

 

Discussion 30 

NAFLD/NASH is a liver disease that has attracted increasing attention because of the recent increase 

in the number of patients worldwide. It is a major cause of hepatocellular carcinoma, and many animal 

models for studying its pathogenesis have been reported. There are three main types of animal models 

for NASH: dietary burden models, genetically modified models, and drug-induced models. Typical 

models of each type include the choline-deficient L-amino-defined (CDAA) diet model, leptin 

receptor-deficient (db/db) mice, and carbon tetrachloride (CCl4) model, respectively. The CDAA 



dietary model is a useful model for drug evaluation because it shows extreme fatty liver and 

inflammation, and rapid pathogenesis of liver fibrosis and hepatocarcinoma (Okishio et al., 2020). 

However, this model does not show weight gain or insulin resistance (Kamada et al., 2007; Matsumoto 

et al., 2013), and is considered to have a different metabolic profile from human NASH, making it an 

incomplete surrogate model for human disease. db/db mice are deficient in leptin signaling owing to 

mutations in the leptin receptor gene, and spontaneously develop typical NAFLD-like pathology, 

including overeating, obesity, insulin resistance, and fatty liver (Ibrahim et al., 2016). However, 

additional stimulation with a high-fat diet or a methionine-choline-deficient diet is required to show 

the features of NASH. The ability of this model to lead to advanced fibrosis and hepatocellular 

carcinoma has not been adequately investigated. Repeated administration of CCl4 has become one of 10 

the most common approaches to create models of drug-induced liver fibrosis, and long-term oral 

administration of CCl4 results in significant hepatotoxicity with liver fibrosis, cirrhosis, and 

hepatocellular carcinoma (Scholten et al., 2015). This feature of CCl4 is used for the evaluation of 

anti-fibrotic drugs, but its use is limited by the fact that it does not exhibit obesity and deviates from 

human NASH pathology, and deaths occur with long-term administration. As described above, each 

animal model of NASH has its own advantages and disadvantages, and there is currently no model 

that can completely mimic human NASH. 

In a previous study, SDT-fatty rats developed metabolic abnormalities including hyperglycemia and 

hyperinsulinemia at a young age, and there was no difference in the pathogenesis between males and 

females (Ishii et al., 2010), but the pathophysiological features of NASH with fibrosis were only 20 

observed in female SDT-fatty rats (Ishii et al., 2015). In the present study, we showed that OVX-

induced deterioration of lipid metabolism and the resulting worsening of NASH pathology were 

observed through the measurement of blood biochemical values and lipid content in the liver, gene 

expression analysis, and fibrosis analysis of liver tissue. OVX SDT-fatty rats showed elevated liver 

TG content, elevated ALT, a marker of liver injury, and increased liver fibrosis area, which were 

significantly different from those of SD Sham rats. We focused on the reduction of lipid secretion from 

the liver as a mechanism of OVX-induced TG accumulation in the liver. 

OVX in SDT-fatty rats showed a tendency to decrease blood TG, TC, and PL, which are components 

of VLDL secreted by the liver, at autopsy compared to Sham rats (Blasiole et al., 2007). PEMT plays 

an important role in PL biosynthesis in the liver. An OVX-induced decrease in Pemt was observed in 30 

SDT-fatty rats, and a downward trend was also observed in other rat strains. In in vitro, mRNA 

expression and enzymatic activity of PEMT are upregulated by 17β-estradiol stimulation (Resseguie 

et al., 2007), and in vivo, NASH models lacking PEMT have been reported to have a worse condition 

compared to wild-type (Nakatsuka et al., 2016). In SDT-fatty rats, PL synthesis in the liver might be 

suppressed by the OVX-induced reduction of female hormone levels. In addition, Mttp mRNA levels 

were decreased in both Sham and OVX rats of SDT-fatty rats compared to those in Sham of SD rats. 



MTP is involved in VLDL secretion from the liver and is downregulated by OVX in rats; additionally, 

it has been reported that estrogen supplementation restores Mttp mRNA expression in these animals 

(Barsalani et al., 2010). In other words, the synthesis of PL, the substance of VLDL, is suppressed in 

OVX of SDT-fatty rats, and lipid accumulation in the liver might be aggravated by the suppression of 

VLDL secretion due to the decrease in MTP. 

An important feature of NASH pathology is inflammation of the liver as well as steatosis. In many 

studies of animal models of NASH, evaluation of liver pathology and elevated inflammatory cytokines 

have confirmed the establishment of NASH pathology. In this study, we evaluated liver inflammation 

and found no effect of OVX on mRNA expression of pro-inflammatory cytokines or inflammatory 

cell infiltration into the liver. Liver fibrosis is an important prognostic indicator in NASH, and in this 10 

study, we observed increased liver fibrosis area in OVX SDT-fatty rats, but no elevation of fibrosis-

related genes. Previous studies have shown that these inflammation- and fibrosis- related genes are 

not altered in female SDT-fatty rats at 40 weeks of age and are upregulated at earlier time points (Ishii 

et al., 2015). It is probable that hepatic inflammation and fibrosis developed before 40 weeks of age 

in the present study, and the secretion of pro-inflammatory cytokines and activation of fibrosis-

promoting reaction were reduced as the disease progressed. This study focused on capturing the 

pathological changes of liver fibrosis as the most important feature of NASH pathogenesis, and long-

term rearing was conducted. On the other hand, earlier observation may be necessary to capture 

inflammatory pathology and the expression of NASH-related genes in the liver. The timing of 

observation is critical for the use of this model, and further research is needed to determine the time 20 

point at which all NASH characteristics can be captured simultaneously. 

OVX-induced increase in liver fibrosis area was also observed in SDT rats, the genetic background 

of SDT-fatty rats. In a previous study, female SDT rats showed only fatty liver histopathology at 

40 weeks of age (Hata et al., 2012) and no liver fibrosis. Therefore, it is possible that the worsening 

of metabolic abnormalities caused by OVX affected the development of hepatic fibrosis. However, 

unlike SDT-fatty rats, SDT rats did not show OVX-induced changes in parameters characteristic of 

NASH, such as increased lipids in the liver and elevated blood ALT and AST levels at 40 weeks of 

age. 

In the blood biochemistry at the beginning of the study, SDT rats showed slightly higher ALT and 

AST levels than SD rats, but not as high as SDT-fatty rats. The blood GLU, TG, and insulin levels 30 

were similar to those of SD rats. Gene expression in the liver showed that Fasn and Srebp1 were 

strongly expressed in SDT rats compared to those in SDT-fatty rats, and the mRNA expression of the 

inflammatory cytokines Tnf and Ccl2 was upregulated (data not shown). These characteristics suggest 

that the process of OVX-induced disease progression in SDT rats may be considerably different from 

that in SDT-fatty rats. Further studies are needed to elucidate the mechanism of OVX-induced liver 

fibrosis in SDT rats. 



In conclusion, female SDT and SDT-fatty rats showed liver fibrosis with fatty liver at 40 weeks of 

age after OVX. Female SDT-fatty rats show NASH pathophysiology without any special treatment, 

but OVX further develops this pathology, suggesting that it may be an important NASH model. 

 

 



Table 1 Histopathological findings in liver 

 SD Sham  SD OVX  SDT Sham  SDT OVX  SDT-fatty Sham  SDT-fatty OVX 

 1 2 3 4  1 2 3 4 5  1 2 3 4 5  1 2 3 4 5  1 2 3 4 5  1 2 3 4 5 

Hepatosteatosis 

(Vacuolation/Fatty change) 
– – – – 

 
– ± ± – – 

 
± ± – ± ± 

 
± ± + ± – 

 
± ± – ± + 

 
++ + + – + 

Hypertrophy of hepatocyte – – – – 
 

– – – – – 
 

± – – – ± 
 

± – + ± – 
 

– – – ± + 
 

+ + + – + 

Infiltration, 

inflammatory cells 
– – – – 

 
– – ± ± – 

 
± – – – – 

 
– – – – – 

 
– ± – – – 

 
– – – – ± 

Fibrosis – – – – 
 

– – – – – 
 

± – – – – 
 

+ ± ± – – 
 

± ± ± ± ± 
 

+ + + – ± 

–; Negative, ±; Very slight, +; Slight, ++; Moderate, +++; Severe 

 

Summary of pathological evaluation by H&E staining (hepatosteatosis and hypertrophy of hepatocyte), CD44 immunostaining (infiltration of 

inflammatory cell), and Sirius Red staining (fibrosis) are represented (n = 4–5). 

 



Figure Captions 

 

Figure 1 Changes in body weight in SD, SDT, and SDT-fatty rats 

A: SD rats, B: SDT rats, C: SDT-fatty rats 

Data are shown as mean ± SD (n = 4–5). #P < 0.05, ##P < 0.01, comparison with sham of each strain. 

SD: Sprague-Dawley 

SDT: spontaneously diabetic Torii 

SDT-fatty: spontaneously diabetic Torii fatty 

OVX: ovariectomized 

 10 

Figure 2 Liver weight and liver lipid contents at 40 weeks of age in SD, SDT, and SDT-fatty rats 

A: Liver weight, B: Liver TG, C: Liver TC, D: Liver PL  

Data are shown as mean ± SD (n = 4–5). *P < 0.05, comparison with sham of SD rats. 

TG: Triglyceride 

TC: Total cholesterol 

PL: Phospholipids 

 

Figure 3 Blood biochemical values at the beginning and the end of the study in SD, SDT, and 

SDT-fatty rats 

A: Plasma GLU, B: Plasma TG, C: Plasma TC, D: Plasma PL, E: Plasma ALT, F: Plasma AST, G: 20 

Plasma INS 

Left panel: pre (6 weeks of age), Right panel: post (40 weeks of age) 

Data are shown as mean ± SD (n = 4-5). *P < 0.05, *P < 0.01 Dunnett's multiple comparison with 

sham of SD rats. $P < 0.05, $$P < 0.01 Dunn's multiple comparison with sham of SD rats. 

GLU: Glucose, TG: Triglyceride, TC: Total cholesterol, PL: Phospholipids, ALT: Alanine 

transaminase, AST: Aspartate transaminase, INS: Insulin 

 

Figure 4 Histopathological changes in SD, SDT, and SDT-fatty rats at 40 weeks of age 

A: H-E staining of liver sections. Scale bars: 100 μm. B: CD44 immunostaining of liver sections. Scale 

bars: 100 μm. C: Sirius Red staining of liver sections. Scale bars:100 μm, D: Sirius Red-positive area 30 

(%). Data are shown as mean ± SD (n = 4–5). $$P < 0.01, Dunn's multiple comparison with sham of 

SD rats. 

 

Figure 5 Expression of hepatic genes related to lipid synthesis, lipid secretion and fibrosis at 

40 weeks of age of SD, SDT, and SDT-fatty rats 

A: Fasn, B: Scd1, C: Srebp1, D: Pemt, E: Mttp, F: Col1a1, G: Acta2, H: Tgfb1 



Data are shown as mean ± SD (n = 4–5). *P < 0.05, **P < 0.01 Dunnett's multiple comparison with 

sham of SD rats. 

Fasn: Fatty acid synthase, Scd1: Stearoyl-CoA desaturase 1, Srebp1: Sterol regulatory element-

binding protein-1c, Pemt: Phosphatidylethanolamine N-Methyltransferase, Mttp: 

Microsomaltriglyceride transfer protein, Col1a1: Collagen type I alpha 1, Acta2: Actin alpha 2, Tgfb1: 

Transforming growth factor-β 
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