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Abstract: Background and objective: To investigate whether thyroid hormone could influence the occurrence and/or 
reversal of steatosis and steatohepatitis induced by a MCD diet and elucidate its molecular mechanism. Materials 
and Methods: Male Sprague-Dawley (SD) rats at 8 weeks of age were administered either PBS or TH intraperitone-
ally (0.1 g/kg per day) via stomach lavage for 6 weeks. Changes in weight gain and energy intake were regularly 
monitored. Blood and liver tissue were harvested after overnight fasting at the end of study. Histological assess-
ment was performed in liver tissue. The concentrations of AST, ALT in blood and GSH, SOD and MDA in liver tissues 
were measured. Protein abundance involved in autophagy was analyzed in the liver. Quantification of autophagic 
vacuoles by transmission electron microscopy (TEM) was used to count the autophagic vacuoles. Results: After 
administration for 28 days, the ALT and AST content of model group rats were obvious lower compared with the 
control group. Results indicate that low dose chitosan can reduce hepatocellular damage and improve the liver in HF 
rats. TE treatment with or without exendin resulted in a similar number of autophagosomes, however, TH treatment 
significantly increased the number of ALs (Figure 6). While visualizing cells for AVs we observed that some large 
sized lipid droplets had ‘shriveled’ margins with distinct absence of autophagic vacuoles around them. Conclusion: 
The present study demonstrates that thyroid hormone might attenuate nonalcoholic fatty liver disease via inducing 
autophagy.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a 
spectrum of chronic diseases including fatty 
liver, or bland steatosis, as well as more aggres-
sive lesions including steatohepatitis, lobular 
necroinflammation with fibrosis, or cirrhosis 
[1-4]. NAFLD-related cirrhosis can lead to end-
stage liver disease and hepatocellular carcino-
ma (HCC). Two broad categories of fatty liver 
disease have been recognized: alcoholic fatty 
liver disease (AFLD) and nonalcoholic fatty liver 
disease (NAFLD). Both categories are charac-
terized by an initial phase consisting of hepatic 
steatosis that can progress to alcoholic or non-
alcoholic steatohepatitis (ASH or NASH), a state 
characterized by necroinflammatory changes 
consisting of ballooning degeneration and 
apoptosis of hepatocytes, eliciting inflammato-
ry and eventually fibrogenic responses, which 
can lead to development of cirrhosis and hepa-

tocellular carcinoma (HCC) [5-13]. NAFLD prev-
alence rate has reached about 15%-20% in 
recent years, and that in the United States and 
other developed countries is as high as 30%. It 
has become a public health problem in the 
world [14].

We choose MCD model for the high-fat methio-
nine-choline deficient diet (MCD) diet, known as 
a very useful one among the experimental mod-
els in fatty liver and NASH. It can cause in 
rodents fatty change, hepatocyte injury, fibro-
sis, cirrhosis, oxidative DNA damage via 8-hy- 
droxydeoxyguanosine generation, and HCC.

Autophagy is crucial for development, differen-
tiation, survival, and homeostasis, and has 
been shown to play important roles in the pro-
gression of many diseases including NAFLD [8]. 
Researchers have demonstrated that autopha-
gy can inhibit NAFLD development by degrading 
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the intracellular hepatocyte lipid. Increased 
autophagy breaks more stored lipids, thereby 
facilitating oxidation or other uses of fatty acids 
[15-17].

The role of endocrine and metabolic disorders 
became more important in NAFLD. Thyroid hor-
mone (TH) is an important hormone to regulate 
the metabolism of the body. In our previous 
study, the clinical study found that serum free 
thyroid hormone levels were significantly lower 
in NAFLD patients, and serum free thyroid hor-
mone levels were negatively correlated with the 
prevalence of NAFLD in patients [18, 19]. The 
report of this phenomenon immediately got the 
attention of the international counterparts. In 
the same time, the American and Korean peer 
wrote a corresponding commentary. It was 
thought that our research provided a new point 
of control for NAFLD prevention and control.

Thus, the aim of this study was to investigate 
whether thyroid hormone could influence the 
occurrence and/or reversal of steatosis and 
steatohepatitis induced by a MCD diet and elu-
cidate its molecular mechanism.

Materials and methods

Reagents 

Thyroid hormone was purchased from Merk 
Inc. (German). Methionine- and choline-defi-
cient diet was purchased from Research Diets 
(New Brunswick, NJ, USA). Xylene, alcohol, chlo-
ralhydrate and formaldehyde were purchased 
from Beijing Chemical Factory (Beijing, China), 
ALT, AST commercial assay kits were purchased 
from Pointe Scientific inc. (Lincoln Park, MI, 
USA). Anti-β-actin antibody, anti-α-SMA, SIRT1, 
HIF-1, p38 MAPK antibody, and second anti-
body were purchased from Sigma-Aldrich (St. 
Louis, MO, USA). Poly-L-Lysine, RIPA Lysis Buffer 
were purchased from DGCS-Biology Technology 
Inc. (Nanjing, China). MDA and SOD commercial 
kit were purchased from Nanjing Jiancheng bio-
engineering institute (Nanjing, China).

Animals

Male Sprague-Dawley (SD) rats at 8 weeks of 
age, weight 190±10 g, were purchased from 
the Laboratory Research Center of Zhejiang 
University (Certificated No.8000-078, Hang- 
zhou, China). All animals were housed under 
standard laboratory conditions. They were feed 

by commercial food and tap water and lived on 
sawdust in plastic-bottomed cages in groups. 
They were bred in a temperature-controlled 
room (at 25±2°C) with lighting from 6 a.m. to 6 
p.m.

TH was dissolved in phosphate-buffered saline 
(PBS). Rats were administered with PBS, 0.1 g/
kg TH intraperitoneally once daily. Sixty rats 
were randomly divided into four groups and 
treated as follows: (1) Control (n=15), (2) MCD 
diet + PBS (n=15), (3) MCD diet + 0.1 g/kg TH 
(n=15), (4) MCD diet + 1 g/kg Lipitor (n=15). 
After six weeks, animals were sacrificed for the 
collection of blood and liver samples.

Measurement of organ injury markers

Serum levels of AST and ALT were measured 
using commercial assay kits according to the 
manufacturer’s instructions.

Measurement of GSH, SOD and MDA in liver 
tissues

Hepatic homogenates were used for the deter-
mination of GSH, MDA and SOD levels by using 
a commercial kit. The results were corrected for 
their protein content.

Morphometric analysis

Livers were fixed in 10% neutral buffered for-
malin and embedded in paraffin. This was fol-
lowed by the dehydration of fixed tissue in vari-
ous grades of alcohol (100%, 90%, 80%, 70% 
v/v) and then cleared in benzene. And 5 µm 
thick sections were cut using a microtome from 
the paraffin blocks for hematoxylin eosin (H&E) 
and Masson stain to evaluate liver injury. Liver 
biopsies were blindly evaluated using the  
NASH Clinical Research Network Histologic 
Scoring System [20]. NAFLD activity score is a 
sum of three histologic scores, including ste-
atosis (0-3), lobular inflammation (0-2), hepato-
cellular ballooning (0-2). 0= absent; 1= mild; 2= 
moderate; 3= severe. OCT-embedded frozen 
sections were stained with Masson. The imag-
es were visualized by microscopy (IX73, Oly- 
mpus, Japan).

Quantification of autophagic vacuoles by trans-
mission electron microscopy (TEM)

After sections were cut and loaded on grid, they 
were observed under a Hitachi H-7500 Trans- 
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mission Electron Microscope fitted with a 
Gatan BioScan 1 K CCD camera, under various 
magnifications. Autophagic vacuoles were co- 

unted following the defined protocols. Briefly, 
the grids were loaded on the microscope and 
scanned systematically starting from the left 
edge at the bottom of the grid with surveillance 
of the specimen to score for AVs and ALs ascer-
taining that systematic sampling is achieved 
Separate records of autophagosomes and 
autophagolysosomes were made to assess the 
total autophagic response.

Statistical analysis

All data are presented as the means ± SD of at 
least 3 independent experiment. All statistical 
analyses were performed by analysis of vari-
ance (ANOVA) by Tukey trend test using 
GraphPad Prism 5.0 for Windows (GraphPad 
Software, San Diego, CA, USA). Results were 
reported as significant only when P<0.05.

Results

Effects of TH on the level of ALT, AST in hepatic 
fibrosis rats

After administration for 28 days, the ALT and 
AST content of model group rats were obvious 
lower compared with the control group (As 
shown in Figures 1, 2). The low dose group and 
the middle dose group had a better treatment 
effect. In addition, the content of AST and ALT 
in serum of the rats in the low dose group 
decreased rapidly compared with others, the 
results show that administration of low dose 
chitosan had the best effect and there was 
concentration dependent.

Effects of TH on histological features of in he-
patic fibrosis rats

The section from each group was HE stained 
after chitosan treatment for 7 days, 14 days, 
21 days and 28 days (Figure 3). Liver tissue  
of rats in model group seriously injury, there 
were a large number of macrosteatosis, bal-
looning cell and transparent cytoplasm, cyto-
plasm nucleus was pushed to the side. 
Pseudolobuli formation, which is the character-
istic structure of HF, the injury degree depends 
on days of administration. On day 7, 14 glycyr-
rhizinate group still has alveolar inflammatory 
infiltration phenomenon, obvious pseudolob-
ules; 21 days inflammatory infiltration weak-
ened; 28 day, pseudolobule distribution is not 
obvious. Inflammation was significantly inhibit-

Figure 1. Effects of TH on the level of AST in hepatic 
fibrosis rats.

Figure 2. Effects of TH on the level of ALT in hepatic 
fibrosis rats.

Figure 3. Effects of TH on histological features of in 
hepatic fibrosis rats.
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ed, but there is still a cell balloon-like degenera-
tion and fatty degeneration. Low dose group 

have the best effect at 7 days, 14 days, 21 
days and 28 days, which was administered for 
7 days similar to glycyrrhizinatis group 7 days; 
Low dose group have a better recovery con-
trasted with glycyrrhizinate group at 14 days; 
Low dose group started pseudolobule distribu-
tion at 21 day, there are still many inflammatory 
reaction, but relieved; chitosan liver tissue sta-
tus in low dose group improved significantly 
after 28 days administration. Other groups 
have certain effect, but worse than glycyrrhiz-
inatis group. Results indicate that low dose chi-
tosan can reduced hepatocellular damage and 
improve the liver in HF rats.

To confirm if the increase in autophagy related 
genes actually resulted in an increased number 
of autophagosomes and whether there was 
indeed more lipophagy, we examined samples 
by transmission electron microscopy (TEM). 
Total number of autophagosomes that had lipid 
droplets in them and the total number of 
autophagolysosomes (AL) with lipid droplets 
were measured. Together these bodies are 
taken as autophagic vacuoles (AV) (Figure 4). 
TH treatment increased the number of AVs, 
although the number of autophagosomes  
and ALs varied with treatment. In oleic acid 
treated hepatocytes there was an insignificant 
change in AVs after exendin treatment, although 
the autophagosome count was significantly 
increased by exendin-4. There was a clear 
increase in both autophagosomes and Als 
under TH treatments (Figure 5). TE treatment 
with or without exendin resulted in a similar 
number of autophagosomes, however, TH treat-
ment significantly increased the number of ALs 
(Figure 6). While visualizing cells for AVs we 
observed that some large sized lipid droplets 
had ‘shriveled’ margins with distinct absence of 
autophagic vacuoles around them (Figure 7). 
We hypothesized that this may be a result of 
change in contents of the lipid droplet, perhaps 
due to transport of fatty acids for beta oxida-
tion. To confirm enhanced-oxidation we deter-
mined the concentration of ketone bodies, the 
final breakdown product of beta oxidation. ß 
hydroxybutyrate served as a marker for oxida-
tion. Exendin-4 treatment increased the pro-
duction of ketone bodies in all the treatments 
in comparison to control. Fatty acids them-
selves also led to an increase in ketone bodies 
probably as a normal cellular response, which 
was further enhanced by exendin-4. The differ-

Figure 4. TH treatment increased the number of AVs.

Figure 5. Increase in both autophagosomes and Als 
under TH treatments.

Figure 6. TH treatment significantly increased the 
number of ALs.
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ence between exendin treated and untreated 
fat loaded cell was insignificant in the case of 
oleic acid. In contrast exendin treatment 
increased significantly ketone body formation 
in cells loaded with either palmitic or elaidic 
acid exposure. 

Discussion

Non-alcoholic fatty liver disease is character-
ized by macrovesicular fat accumulation in 
more than 5% of the hepatocytes in the 
absence of known causes of secondary steato-
sis [21-25]. This accumulation ranges from 
scarce to panacinar steatosis and usually 
starts in Rapaport’s zone. Despite the high 
prevalence of NAFLD and its potential for seri-
ous sequelae, the underlying etiologic factors 
that determine disease progression remain 
poorly understood; therefore, effective thera-
peutic strategies need to be further explored.

NAFLD is considered to cover a spectrum of 
disease activity. This spectrum begins as fatty 
accumulation in the liver (hepatic steatosis). A 
liver can remain fatty without disturbing liver 
function, but by varying mechanisms and pos-
sible insults to the liver may also progress to 
become non-alcoholic steatohepatitis (NASH), 
a state in which steatosis is combined with 
inflammation and fibrosis (steatohepatitis) [26-
29]. NASH is a progressive disease: over a 
10-year period, up to 20% of patients with 
NASH will develop cirrhosis of the liver, and 
10% will suffer death related to liver disease. 

Cigarette smoking is not associated with an 
increased risk of developing NASH [30].

The exact cause of NAFLD is still unknown. 
However, both obesity and insulin resistance 
probably play a strong role in the disease pro-
cess [31]. The exact reasons and mechanisms 
by which the disease progresses from one 
stage to the next are not known. One debated 
mechanism proposes a “second hit”, or further 
injury, enough to cause change that leads from 
hepatic steatosis to hepatic inflammation. 
Oxidative stress, hormonal imbalances, and 
mitochondrial abnormalities are potential ca- 
uses for this “second hit” phenomenon [32, 
33].

Thyroid hormones are potent mediators of sev-
eral physiological processes, including embry-
onic development, cellular differentiation, me- 
tabolism, and cell growth. The liver is a typical 
target organ of THs. Autophagy is a mechanism 
involved in cellular homeostasis under basal 
and stressed conditions delivering cytoplasmic 
content to the lysosomes for degradation to 
macronutrients. Nowadays it is commonly 
accepted that autophagy plays a role in the 
hepatic lipid metabolism. Autophagy has many 
potentially beneficial functions that could pre-
vent NASH development and progression.

The thyronines act on nearly every cell in the 
body. They act to increase the basal metabolic 
rate, affect protein synthesis, help regulate 
long bone growth (synergy with growth hor-
mone) and neural maturation, and increase the 
body’s sensitivity to catecholamines (such as 
adrenaline) by permissiveness [34, 35]. The 
thyroid hormones are essential to proper devel-
opment and differentiation of all cells of the 
human body. These hormones also regulate 
protein, fat, and carbohydrate metabolism, 
affecting how human cells use energetic com-
pounds. They also stimulate vitamin metabo-
lism. Numerous physiological and pathological 
stimuli influence thyroid hormone synthesis. 
Thyroid hormone leads to heat generation in 
humans. However, the thyronamines function 
via some unknown mechanism to inhibit neuro-
nal activity; this plays an important role in the 
hibernation cycles of mammals and the moult-
ing behavior of birds. One effect of administer-
ing the thyronamines is a severe drop in body 
temperature [34-37].

Figure 7. TH margins with distinct absence of autoph-
agic vacuoles.
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To the best of our knowledge, our study is the 
first to evaluate the associations between 
Thyroid hormones and NAFLD via inducing 
autophagy. The findings of this study demon-
strated that MCD diet fed NAFLD model mice 
liver autophagy were significantly reduced, sup-
plement the thyroid hormone levels significant-
ly improve the level of NAFLD model mice liver 
autophagy, and reduce the degree of liver ste-
atosis, suggesting Thyroid hormone autophagy 
has a regulatory role of liver cell, and may par-
ticipate in the development of NAFLD. 
Furthermore, we emphasized that presence of 
NAFLD has a harmful effect on thyroid function 
and is also correlated with enhanced insulin 
resistance.

In conclusion, increasing knowledge on its 
exact role in the complex pathophysiology of 
Thyroid hormones and NAFLD might make 
autophagy a target for treatment of the meta-
bolic syndrome or NAFLD. We should, however, 
always keep in mind that altering a key cellular 
process such as autophagy might lead to a bet-
ter metabolic state; the use of such drugs to 
increase hepatic autophagy may offer a new 
therapeutic approach to NASH.
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