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Abstract: Objective: To evaluate the effect of glycine on regulation of the hepatic toll-like receptor 4 (TLR4) signal-
ing pathway by metabolic endotoxemia in a rat model of non-alcoholic steatohepatitis (NASH). Methods: The NASH 
rat model was generated by feeding the animals a high-sucrose, high-fat for diet for 12 weeks. We then measured 
alterations in levels of LPS, TNFα, IL-6, ALT, TG in plasma, and TNFα, and IL-6 in liver. We performed hematoxylin 
and eosin (HE) staining and immunohistochemical staining to document pathological changes. Expression of TLR4 
and IRS-1 in liver was measured by Western Blot and RT-PCR. Results: Compared with control animals, levels of 
LPS, TNFα, IL-6 in plasma and the levels of TNFα, IL-6 in liver tissues gradually increased. Pathological changes and 
expression of TLR4 in liver were significantly increased compared with control. mRNA and protein levels of TLR4 
and IRS-1 in livers were also upregulated. With concomitant treatment with glycine, endotoxin levels decreased, and 
TNFα and IL-6 levels in plasma and liver were significantly decreased compared to NASH rats. Pathological changes 
in liver and immunohistological expression of TLR4 in liver tissues were significantly improved compared to NASH 
rats. mRNA and protein levels of TLR4 were significantly downregulated while mRNA and protein levels of IRS-1 in 
liver were markedly upregulated. Progression of NASH appeared to be slowed or limited. Conclusion: These data 
suggest that hepatic TLR4 signaling pathway is activated in the NASH rat, and oral glycine may reduce the risk of 
endotoxemia and inflammation of the liver. 
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is a 
significant health issue, affecting up to 30% of 
adults and up to 10% of children in developed 
countries [1, 2]. Non-alcoholic steatohepatitis 
(NASH) is an important precursor of NAFLD, 
which in its later stages gives rise to hepatic 
fibrosis, cirrhosis, liver failure, and even liver 
cancer [3, 4]. Currently, the pathogenesis of 
NASH is not entirely clear. A number of studies 
suggest that insulin resistance, inflammation, 
alterations in lipid metabolism, oxidative stress, 
lipid peroxidation, and mitochondrial dysfunc-
tion are all involved in the pathogenesis of 
NASH [5-7]. The liver plays an important role in 
presenting innate immunity recognition recep-
tors to pathogens via Kupffer cell surface type 
4 Toll-like receptors (TLR4). Endotoxin ligands 
induce the formation and release of pro-inflam-
matory cytokines TNF-α and IL-6. The associat-

ed signal pathways give rise to liver inflamma-
tion and insulin resistance (IR) [8].

In the past 20 years, Han et al have published 
many studies of intestinal endotoxemia (IETM). 
These investigators have conducted a series of 
animal and human studies and have document-
ed that IETM occurs in various types of liver dis-
eases, such as viral hepatitis, alcoholic liver 
disease, chemical and drug-induced liver injury 
and hepatic failure [9, 10]. Recent data indicate 
that metabolic diseases such as nonalcoholic 
fatty liver disease and type 2 diabetes are also 
associated with increased plasma endotoxin le- 
vels [11, 12]. Studies have suggested that the 
amino acid glycine has anti-inflammatory prop-
erties, and that it mediates cell protection and 
immune modulation [13, 14]. Our preliminary 
study suggested that glycine can reduce the 
level of endotoxin and may thereby attenuate 
liver injury [15]. Based on these results, sought 
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to determine whether glycine could inhibit liver 
injury by downregulating the TLR4 signaling pa- 
thway in a NASH rat model [16]. 

Materials and methods

Animals and treatments

Thirty-two male Sprague-Dawley rats, weighing 
200-250 g, were obtained from the Animal 
Center of Shanxi Medical University. Animals 
were randomly divided into four groups (n=8  
for each group). The C (control) group received 
a regular diet and tap water; the H (high-su- 
crose/high-fat) group received a diet (HSHF) 
consisting of 52% calories from carbohydrates, 
25% from fat, and 10% from protein; the H+G 
group received the HSHF diet and tap water 
with 1% glycine. The G (glycine) group received 
tap water with 1% glycine and a regular diet 
[17]. Animals and standard rodent diet were 
obtained from the Research Animal Center of 
Shanxi Medical University. The animals were 
housed under standard laboratory conditions, 
maintained on a 12 h light and dark cycle, and 
were afforded unrestricted access to food and 
water. The experimental protocols were ap- 
proved by the Shanxi Animal Research Ethics 
committee. 

Rats were sacrificed at 12 weeks. Blood and 
liver tissues were sampled at the time of sacri-
fice and were stored at -80°C until processing.

Measurements of serum endotoxin levels from 
the abdominal aorta

In anesthetized animals, blood samples were 
collected from the abdominal aorta and centri-
fuged at 3500 rpm for 10 min. Endotoxin levels 
in the collected plasma were determined using 
a Limulus amebocyte lysate regent kit (Clinical 
Sciences Inc, Xiamen China) according to man-
ufacturer’s instructions (UV-2102C, Shanghai).

Measurement of TNFα, IL-6, ALT, TG in plasma, 
and TNFα, IL-6 in liver homogenates 

TNF-α (Tumor necrosis Factor-α, TNF-α radioim-
munoassay kit, Radioimmunity Institute of PLA 
General Hospital, Beijing China), IL-6 (interleu-
kin-6, IL-6 radioimmunoassay kit, Radioim- 
munity Institute of PLA General Hospital, Beijing 

China), ALT (alanine transferase kit, Nanjing 
Jiancheng Bioengineering Institute, Nanjing 
China), TG (Triglyceride kit, Nanjing Jiancheng 
Bioengineering Institute, Nanjing China), and 
TNFα and IL-6 levels were measured in plasma 
or liver with appropriate kits according to manu-
facturers’ instructions. 

Liver histology 

Liver samples were fixed in 10% formalin, 
embedded in paraffin, cut into 4 μm thick sec-
tions, and stained with hematoxylin and eosin 
(HE, Hematoxylin and eosin staining kit, Jun- 
ruishengwu Technology Corporation, Shang- 
hai China). 

Immunohistochemical staining

Paraffin-embedded sections were stained with 
anti-TLR4 protein polyclonal antibodies (1:100 
dilution; Zhong Shan-Golden Bridge Biological 
Technology Co. Beijing, China) to measure qu- 
antitative expression levels of TLR4. Specimens 
were analyzed using a computerized image 
analysis system (IPP6.0 software, Media Cy- 
bernetics Inc., USA). Cells cytoplasm with brown 
staining was regarded as TLR4-positive. Five 
slices were examined in each group, with 10 
fields of vision observed in each slice. To deter-
mine the positivity rate, data were displayed as 
the number of TLR4-positive cells to total cells 
(at 200×) for each tissue section. At least 50 
cells were observed.

Western blot analysis 

Total TLR4, IRS-1 were assessed by Western 
blot. Aliquots of frozen liver homogenates were 
further extracted in phosphate-buffered saline 
containing of 1% NP-40, 0.5% sodium deoxy-
cholate, 0.1% SDS, 0.1 mM EDTA, 50 mM NaF 
and 2 mM Na3VPO4 (NaF and Na3VPO4 only for 
phosphorylation protein; reagents were from 
Nanjing Jiancheng Biotechnology, Nanjing Chi- 
na) Cells were lysed by 30 min incubation on 
ice. The lysate was centrifuged at 15,000 rpm 
for 10 min. 40 µg of protein was loaded in each 
lane and separated on a 7.5% sodium dodecyl 
sulfate polyacrylamide gel (SDS-PAGE), then 
transferred to a polyvinylidene difluoride (PVDF) 
membrane. Blots were blocked for 3 h at room 
temperature with 5% (w/v) non-fat dried milk. 
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Figure 1. Effect of glycine treatment on LPS, biochemistry and systemic inflammation indices. Control group (C), 
high-fat/high-sugar group (H), high-fat/high-sugar + glycine group (H+G), glycine group (G). Data represented as 
means ± standard error (n=8). aP < 0.05 vs control group; bP < 0.05 vs HSHF group.

After washing 3 times with TBST (Tris 50 
mmol/L NaCl 100 mmol/L, pH 7.40), the mem-
brane was incubated at 4°C overnight with spe-
cific antibodies. Rabbit polyclonal antibodies 
against TLR4 (1:500 dilution; Cell Signaling 
Technology Inc. Danvers, USA), IRS-1 (1:500 
dilution; Cell Signaling Technology Inc. Danvers, 
USA) were employed. The immunoblots were 
then incubated with the corresponding pero- 
xidase-conjugated goat anti-rabbit secondary 
antibodies (1:2000 dilution; Zhong Shan-Gol- 
den Bridge Biological Technology). Bands were 
detected with enhanced chemiluminescence. 
The intensities of the protein bands were ana-
lyzed by Quantity One software (Bio-Rad La- 
boratories, Inc. Hercules, USA).

mRNA expression 

We withdrew total RNA from liver and perform- 
ed the reverse transcription reaction. Primer 
sequences: TLR4 Upstream: 5’-GCCGGAAAG- 
TTATTGTGGTG-3’; downstream: 5’-CCACTCGA- 
GGTAGGTGTTT-3’ (507 bp); IRS-1 Upstream: 
5’-ACGCTCCAGTGAGGATTTAAGCA-3’, downstr- 
eam: 5’-GGTCCTGGTTGTGAATCGTGAA-3’ (277 
bp); β-actin Upstream: 5’-ACGCTCCAGTGAGG- 
ATTTAAGCA-3’; downstream: 5’-GGTCCTGGTT- 
GTGAATCGTGAA-3’ (56 bp). For the DNA stan-
dard (D12000) to determine the size of the PCR 
product by 2% agarose gel electrophoresis, we 

used the Quantity One gel analysis system (Bio-
Rad Corporation). 

Statistics

All values were displayed as mean ± standard 
error. Statistical analyses were performed on 
the SPSS13.0 system (Statistical Product and 
Service Solutions, USA). Other data were ana-
lyzed by one way analysis of variance (ANOVA). 
Statistical significance level was set at P < 
0.05.

Results

Measurements of serum endotoxin level in 
abdomen aorta and measurement of TNFα, 
IL-6, ALT, TG in plasma, and TG, TNFα, IL-6 in 
liver homogenates

During the experiment, all animals remained in 
good condition. Plasma levels of endotoxin, 
TNFα, IL-6, ALT, TG, and liver homogenate levels 
of TG, TNFα, IL-6 in the HFHS group were sig- 
nificantly higher than those of the SC group at 
12 weeks (p < 0.05) (Figure 1). With the addi-
tion of glycine, the endotoxin levels and inflam-
mation factors, such as TNFα, IL-6 in serum 
and in liver significantly decreased compared 
with the H+G group (Figure 1). Serum levels of 
ALT, TG and hepatic levels of TG were signifi-
cantly reduced compared with rats fed the 
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Figure 2. Effect of glycine treatment on liver pathology. Control group (C), high-fat/high-sugar group (H), high-fat/
high-sugar + glycine group (H+G), glycine group (G).

Figure 3. Effect of glycine treatment on the 
expression of TLR4 by immunohistochemi-
cal staining. Control group (C), high-fat/
high-sugar group (H), high-fat/high-sugar + 
glycine group (H+G), glycine group (G). 

HSHF diet only (Figure 1). These data suggest 
that glycine treatment might decrease endo-
toxin levels and inflammation, improve liver 
function, and may alleviate hyperlipidemia in 
NASH rats. 

Pathological observations 

In order to investigate liver pathology, we per-
formed HE staining and studied the alterations 
by light microscopy. There were no significant 
changes in the livers of normal rats and gly- 
cine-treated rats (Figure 2). However, in HFHS 
group, we observed morphologic changes in- 
cluding fatty degeneration, ballooning degen-
eration, and inflammatory cell infiltration in lo- 
bular and periportal structures (Figure 2). Liver 

injury was clearly decreased in the liver of gly-
cine-treated rats (Figure 2).

Immunohistochemical staining observation of 
TLR4 in liver

We detected the protein expression of TLR4 in 
liver tissue by immunohistochemistry. The TLR4 
staining assay showed that expression of TLR4 
was upregulated by high fat and high sugar diet 
(Figure 3). Expression of TLR4 was significantly 
downregulated after treatment of glycine in 
NASH rats (Figure 3). There were no obvious 
differences between control and glycine gr- 
oups (Figure 3). These results suggest that gly-
cine may attenuate TLR4 expression in liver 
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Figure 4. Effect of glycine treatment on the mRNA expression of TLR4 and IRS-1 by PCR. Control group (C), high-fat/
high-sugar group (H), high-fat/high-sugar + glycine group (H+G), glycine group (G). Data represented as mean ± 
standard error (n=8). aP < 0.05 vs control group; bP < 0.05 vs HSHF group.

and may downregulate TLR4-mediated inflam-
mation and liver injury.  

mRNA and protein expression of TLR4 and 
IRS-1 in liver

A high-fat/high-sucrose diet led to an approxi-
mately 2-fold increase in the mRNA expression 
ratio of TLR4 in the liver at 12 weeks (P < 0.001; 
Figure 4). There was no change in expression in 
control and glycine groups. The mRNA expres-
sion ratio of TLR4 was significantly decreased 
in the liver of glycine-treated rats (Figure 4). 
Similarly, the protein expression ratio of TLR4 
in the liver was also elevated in the H group 
(Figure 5). The protein expression ratio of TLR4 
was significantly decreased in the liver of the 
glycine group (Figure 5). Alterations were not 
statistically significant between the C and G 
groups.

A high-fat/high-sucrose diet led to an approxi-
mately 1.5-fold decrease in the mRNA expres-

sion ratio of IRS-1 in the liver by 12 weeks (P < 
0.001; Figure 4). There was no change in con-
trol and glycine groups. However, the mRNA 
expression ratio of IRS-1 was significantly 
increased in the liver of glycine-treated rats 
(Figure 4). Similarly, the protein expression 
ratio of IRS-1 in the liver was also decreased in 
the H group (Figure 5). The protein expression 
ratio of IRS-1 was significantly increased in the 
liver of glycine-treated rats (Figure 5). These 
alterations were not statistically significant be- 
tween the C and G groups (Figure 5). 

Discussion

Obese individuals generated by high-sugar/hi- 
gh-fat diets experience generalized increases 
in levels of serum endotoxin, defined as “meta-
bolic endotoxemia” [18, 19]. This phenomenon 
is closely correlated with low-grade inflamma-
tion and metabolic disorders [20]. Our results 
revealed that NASH rats displayed increased 
serum TNFα and IL-6 levels, suggesting an 
apparent sugar/lipid metabolic disorder. Oral 
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glycine can significantly reduce endotoxin lev-
els, serum inflammatory cytokines and inflam-
matory lesions in the liver. A high-sugar/high-
fat diet was an independent risk factor for 
changes in the composition of gut bacteria in 
obese mice [21]. Lipopolysaccharide (LPS), an 
important TLR4 ligand, may play a role in meta-
bolic diseases induced by high-sugar/high-fat 
diets [22-25]. TNFα can combine directly with 
the hepatic insulin receptor, promote IRS -1 
tyrosine phosphorylation, and further aggra-
vate the degree of hepatic insulin resistance 
[26, 27]. In one study, TLR4 and TNFα levels in 
NASH rat liver were increased [28]. The study 
also found elevated levels of serum endotoxin 
and TLR4 in the absence of choline left-handed 
amino acids (MCD) diet and high fructose diet. 
This suggests a correlation between endotoxin 
activation of TLR4 signaling pathways and the 
pathogenesis of NAFLD [29, 30].

Glycine is a non-essential amino acid and is the 
simplest amino acid. Many studies have shown 
that glycine antagonizes the effect of endotox-
in. Young and others found that intravenous 
injections of glycine in the early stages of sep-
sis effectively inhibit the rise of TNFα [31]. 
Studies of endotoxic shock in rats showed that 
a 5% glycine diet inhibited the rise of TNFα and 
ALT, and reduced liver necrosis [32]. Liu found 
that glycine can reduce the level of endotoxin 
and delay the occurrence and development of 
cirrhosis in a model of liver fibrosis induced by 
numerous factors [15]. Han and colleagues 
showed that glycine can reduce endotoxin and 
liver damage through following mechanisms: 

reduction of intestinal perme-
ability; reduction of the absorp-
tion of endotoxin; combination 
with lipid A to reduce the activ-
ity of endotoxin; reduction in 
the expression of lipolysacc- 
haride binding protein (LBP) 
mRNA and CD14 mRNA, there-
by reducing over-activation of 
Kupffer cell (KC). In addition, 
glycine is reported to play an 
important role in inhibition of 
hepatic apoptosis, [33] and 
inhibition of the oxidative st- 
ress reaction [34]. In prelimi-
nary experiments, we also ob- 
served that LPS plays an im- 
portant role in metabolic dis-
eases, such as NASH, and that 

glycine can effectively reduce enterogenous 
endotoxin levels. We also found that glycine 
can attenuate hepatic oxidative stress and 
endoplasmic reticular stress [15]. The present 
study suggests that oral glycine can reduce the 
level of serum endotoxin, significantly reduce 
liver inflammatory injury, liver TLR4 expression 
and TNF alpha and IL-6 levels, as well as IRS-1 
expression.

There are several questions that remain to be 
addressed: For example, does glycine affect 
the proportion of gut bacteria? By what molecu-
lar mechanism does glycine reduce the absorp-
tion of LPS? In addition, we only studied the 
role of glycine in a rat model. It is unclear what 
effect of glycine would have on human patients. 
Future studies will address these questions.
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Figure 5. Effect of glycine 
treatment on the protein 
expression of TLR4 and IRS-
1 by Western blot. Control 
group (C), high-fat/high-sug-
ar group (H), high-fat/high-
sugar + glycine group (H+G), 
glycine group (G). Data repre-
sented as means ± standard 
error (n=8). aP < 0.05 vs 
standard control group; bP < 
0.05 vs HSHF group.
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