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Abstract
Purpose Sleep apnea–hypopnea syndrome and its chronic
intermittent hypoxia component may cause multi-system-
targeted injury. The latest finding shows that liver is one of
the injured organs. The purpose of the study is to observe
the dynamic process of the influence that chronic intermit-
tent hypoxia plays on rat liver enzyme, hepatic histology,
and ultrastructure based on lipid disorders.
Methods A total of 72 male Wistar rats were randomly
divided into three groups. The control group was fed with a
regular chow diet, the high fat group with a high fat diet,
and the high fat plus intermittent hypoxia group with a high
fat diet with a 7-h/day intermittent hypoxia treatment.
Changes were observed in rat liver enzyme, hepatic
histology, and ultrastructure of the three groups on the
third, sixth, and ninth weeks, respectively. The liver
paraffin sections were detected with myeloperoxidase.
Results The liver function and structure of the control
group were found to be normal; the liver enzyme level of
the high fat group was significantly higher than that of the
control group on the sixth and ninth weeks; and the liver

enzyme level of the high fat plus intermittent hypoxia
group was significantly higher than that of the control
group and the high fat group on the third, sixth, and ninth
weeks (all P<0.01). Observed by a light microscope and a
transmission electron microscope, the high fat group and
the high fat plus intermittent hypoxia group were all
characterized by nonalcoholic fatty liver disease: the high
fat group was characterized by simple fatty liver on the
third and sixth weeks and by steatohepatitis on the ninth
week; the damage of the high fat plus intermittent hypoxia
group was significantly more severe than that of the high
fat group in all the monitoring points, characterized by
steatohepatitis on the sixth week and by obvious liver
fibrosis on the ninth week; the myeloperoxidase level of the
high fat plus intermittent hypoxia group was significantly
higher than that of the control group and the high fat group
(all P<0.01).
Conclusions Under the conditions of high fat and intermit-
tent hypoxia, the injury to the liver function, hepatic
histology, and ultrastructure is more severe than that of
the high fat group. The injury mainly was characterized by
nonalcoholic fatty liver disease and becomes more severe
with increased exposure time. Oxidative stress may play an
important role in the mechanism.
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Introduction

Sleep apnea–hypopnea syndrome (SAHS) is a common
disorder with a potential danger. Studies on SAHS have
progressed through stages from epidemiological investiga-
tion, study on pathogenesis, to the current study on the
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mechanism of multiple organ damage. Regarding the
systems injured by SAHS, people at first have noticed its
close relationship with cardiovascular and cerebrovascular
disease. Clinical and epidemiological studies have proven
that SAHS is an independent risk factor for hypertension,
coronary artery disease, congestive cardiac failure, stroke,
etc. [1–4]. However, the injury that SAHS has on an
organism goes beyond the cardio–cerebral–vascular system
and includes the respiratory system, urogenital system,
endocrine system, etc. [5]. The latest research in recent
years shows that SAHS and its chronic intermittent hypoxia
(CIH) component may cause chronic liver injury, which is
mainly manifested by histologic features of nonalcoholic
fatty liver disease (NAFLD) [6–13]. In 2003, Chin et al.
found that 1/3 of obese SAHS patients had elevated
transaminases [6]. In 2005, Tanne et al. reported that severe
obstructive sleep apnea is a risk factor for steatohepatitis,
independent of obesity [7]. In 2007, Savransky et al. proved
in an animal experiment based on lipid disorders that CIH
can promote the progression from simple fatty liver to
steatohepatitis [8, 9]. Although more and more studies
report that there is a definite link between SAHS and
NAFLD, the correlation between them is at an early stage.
Further research is needed as there are only a few animal
experimental studies on SAHS leading to chronic liver
injury. This study established a human SAHS-simulated
CIH animal model to (1) dynamically observe the influence
that CIH plays on rat liver enzyme, hepatic histology, and
ultrastructure based on lipid disorders, (2) monitor the
evolution of liver function and structural injury of the rats
subjected to CIH, and (3) detect the indicators of liver
oxidative stress to probe the mechanism of SAHS liver
injury.

Materials and methods

Animals and experimental groups

A total of 72 male Wistar rats weighing 260–280 g were
purchased from the Center of Experimental Animal
Academy of Military Medical Sciences. All animals
were allowed to acclimatize for a week on normal diet
before grouping. The rats were then randomly divided
into three groups of 24: group A, the control group, fed
a regular diet; group B, the high fat group, fed a high fat
diet (3% cholesterol, 0.2% propylthiouracil, 0.3% sodium
cholate, 10% lard, 2% yolk powder); and group C, the
high fat plus intermittent hypoxia group, fed a high fat
diet, which is of similar feed formulation as group B,
and exposed to intermittent hypoxia. The study was
approved by the Tianjin Medical University Animal Care
and Use Committee.

Experimental design

The three groups were respectively placed into the same
Plexiglas chambers, 7 h/day during the animals’ diurnal
sleep period for days. The chamber of group C was
periodically filled with nitrogen and compressed air by
computer-controlled timed solenoid valves. This cycle was
repeated every 60 s. The process consisted of filling the
chamber with nitrogen for the first 30 s and filling it again
with compressed air for another 30 s. The gas flow rate was
adjusted to make the nadir concentration of oxygen 4∼6%
during every cycle and then gradually increased to 21%. To
study the change of blood oxygen saturation, four addi-
tional rats were anesthetized with 1.5% isoflurane, the right
femoral artery was cannulated, and the blood oxygen
saturations in the three hypoxia reoxygenation cycle at
different timing points were monitored. It was observed that
the average nadir arterial oxygen saturation of the rats is
66% (60∼75%), which gradually rises to the level of 97%
(94–100%). The pressure inside the chamber was at
atmospheric level. The chambers of groups A and B were
periodically filled with compressed air. The rats were bred
conventionally indoors after 7 h. They were allowed free
access to water. On the third, sixth, and ninth weeks, eight
rats were randomly selected, fasted for 8 h, and killed by
exsanguinations, and blood samples were collected for
biochemical analysis. The liver was surgically removed and
weighed.

Biochemical assays

Serum total cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), alanine aminotransferase (ALT), and
aspartate aminotransferase (AST) levels were measured by
the Clinical Chemistry Laboratory of Tianjin Medical
University General Hospital using a standard automatic
clinical analyzer (Hitachi 7170A, Tokyo, Japan).

Light microscopy

Liver tissue specimens were fixed in 10% buffered formalin
solution, progressively dehydrated, and embedded in
paraffin for sectioning. The sections (6-µm thick) were
stained with hematoxylin and eosin (HE) and Masson’s
trichrome. Histological assessment of tissue morphology
was performed by using an Olympus light microscope
(Olympus BX50, Tokyo, Japan) and was evaluated blindly
by a single pathologist. Liver tissue steatosis, hepatocellular
ballooning, lobular inflammation, and necrosis are observed
by HE. The collagen fibers in Masson’s trichrome are dyed
blue to observe the level of liver fibrosis. To quantify the
histological changes, the NAFLD scoring system designed
by Brunt et al. was used [14, 15] (Table 1).

494 Sleep Breath (2011) 15:493–502



Transmission electron microscopy

Hepatic tissue was taken from the left lobe of the liver in
the same position, washed by physiological saline, and cut
into 1 mm×1 mm×1 mm tissue pieces. The specimens were
immediately fixed with a solution containing 2.5% glutar-
aldehyde paraformaldehyde, postfixed in 1% osmium
tetroxide solution, dehydrated progressively by ethanol,
embedded by EPON812 epoxy resin, cut into ultrathin
sections with 50–70 nm thickness, dyed with uranyl acetate
and lead citrate, and observed through a JEDL-100CX
transmission electron microscope.

Immunohistochemistry

The level of myeloperoxidase (MPO) in hepatic tissue
paraffin section was performed in the Pathology Depart-
ment of Tianjin Medical University General Hospital.
Immunohistochemistry was performed using the commer-
cially available non-biotin HRP detection system kit
(Zhongshan Golden Bridge Biotechnology Co., Ltd., Bei-
jing, China) according to the manufacturer’s instructions.
Briefly, tissue sections (6-µm thick) were cut from
formalin-fixed, paraffin-embedded livers. Sections were
deparaffinized and rehydrated by passage through a graded
series of ethanol and distilled water. Endogenous peroxi-
dase activity was quenched by incubation in 3% H2O2 for
10 min at room temperature. After incubation at 37°C for

45 min with polyclonal rabbit anti-human myeloperoxidase
antibody, sections were washed with PBS. A rabbit anti-
IgG polymer was used at 37°C for 45 min. The sections
were counterstained with hematoxylin, dehydrated, and
mounted.

Statistical analysis

All data are expressed as mean ± standard deviation (SD).
Statistical analyses were made by using one-way ANOVA
and LSD procedures. P values lower than 0.05 were
considered to be statistically significant. Statistical analysis
was performed using SPSS statistical software (SPSS for
Windows 11.5).

Results

Weight change

The weight of the rats in group A increased noticeably as
the monitoring period extends, the weight of the rats in
group B did not increase after the sixth week, and the
increase of the weight of the rats in group C was relatively
small. There were significant differences in the compared
changes of the weights among the three groups and every
individual group at different monitoring points (on the
third, sixth, and ninth weeks; F=35.088, P<0.01) (Fig. 1a):
weight gain=weight at the end of experiment − weight at
the beginning of experiment.

Serum biochemistry

There were significant differences in the compared changes
of blood fat index in TC and LDL-C (Fig. 1b, c) and liver
enzymes in ALT and AST (Fig. 1d, e) among the three
groups and every individual group at monitoring points,
with separate F values of 67.064 and 120.706 and 96.681
and 94.238, respectively, all P<0.01.

General observation of liver specimens

Comparing the groups at identical monitoring points, the
livers of the rats in groups B and C were bigger than those
in group A at the end of the third week, the liver capsule
was tense, and the liver appeared yellowish and greasy. At
the end of the sixth and ninth weeks, the livers of the rats in
groups B and C appeared khaki and smooth in surface
without any nodules. There were statistically significant
differences in the compared liver body weight ratios among
the three groups and every individual group at different
monitoring points (F=23.965, P<0.01; Fig. 1f): liver body
weight ratio (LBR)=liver weight/body weight × 100%.

Table 1 Liver histopathological criteria used for scoring features of
NAFLD [14, 15]

Steotosis (grade 0–3)

0 = none or involving <5% of hepatocytes

1 = involving 5–33% of hepatocytes

2 = involving 33–66% of hepatocytes

3 = involving >66% of hepatocytes

Hepatocellular swelling and ballooning (grade 0–2)

0 = none

1 = mild (swollen cells<50% of lobules)

2 = obvious (swollen cells≥50% of lobules)

Lobular inflammation and necrosis (grade 0–3)

0 = none

1 = mild or 1–2 foci per 200 × field

2 = moderate or 3–4 foci per 200 × field

3 = severe or >4 foci per 200 × field

Fibrosis (grade 0–4)

0 = none

1 = perisinusoidal or periportal fibrosis

2 = perisinusoidal and periportal/ portal fibrosis

3 = bridging fibrosis

4 = cirrhosis

Sleep Breath (2011) 15:493–502 495



Light microscopy findings

The liver tissues were found to be normal in group A
(Fig. 2a, b). The liver tissues in group B on the third week
showed only slight (grade 1) steatosis, mainly distributed in
zone I hepatocytes; on the sixth week, steatosis was at

grade 2, hepatocellular swelling at grade 1 without
inflammatory cell infiltration or fibrosis (Fig. 2c). On the
ninth week, steatosis was at grade 2∼3, with microvesicular
steatosis, hepatocellular swelling at grade 1∼2, occasional
inflammatory cell infiltration (focal necrosis), slight colla-
gen fibers hyperplasia in liver portal area, without peri-
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Fig. 1 Biochemical indicators and body or liver weight change. a Body weight gain, b total cholesterol (TC), c low-density lipoprotein
cholesterol (LDL-C), d alanine aminotransferase (ALT), e aspartate aminotransferase (AST), and f liver body weight ratio (LBR)
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sinusoidal fibrosis (Fig. 2d). The liver tissues were
abnormal in group C: on the third week, steatosis was at
grade 1; on the sixth week, steatosis was at grade 2,
hepatocellular swelling at grade 1∼2, and there were
occasional inflammatory cell infiltration, periportal fibrosis,
and no perisinusoidal fibrosis observed; on the ninth week,
steatosis was at grade 3, with microvesicular steatosis,
hepatocellular swelling at grade 2, and inflammatory cell
infiltration (focal necrosis) at grade 2∼3 (Fig. 2e). Periportal
fibrosis was more severe than that of group B on the ninth
week and that of group C on the sixth week (Fig. 2f), with
perisinusoidal fibrosis. No hypoxic hepatitis appeared in
group C at every monitoring point. No signs of bridging
fibrosis and liver cirrhosis were noted.

Transmission electron microscopy findings

No abnormal liver tissue ultrastructure was found in group
A (Fig. 3a). In group B, at the end of the third week, slight
injury in liver tissue, mainly manifested by mild steatosis,
was observed; at the end of the sixth week, the amount of
liver cell cytoplasm lipid droplets increased obviously

(Fig. 3b), and liver sinusoid and the Disse space enlarged.
At the end of the ninth week, accumulation of liver cell
cytoplasm lipid droplets, lipid droplets fusion, and decreased
cytoplasmic organelles were observed; hepatocellular nuclei
became smaller for being squeezed; liver sinusoid and the
Disse space enlarged; and collagen fiber proliferation, sinus
endothelial cells degeneration, Kupffer cells proliferation,
and edema were noted. Regarding the liver tissue ultrastruc-
ture in group C, the liver tissue injury was more severe than
that in group B at identical monitoring points. At the end of
the third week, liver steatosis was more severe than that in
group B. There were also a large amount of liver cell
cytoplasm lipid droplets, lipid droplets combined into
irregular big lipid droplets, and small nuclei with irregular
shapes, and the liver sinusoid and the Disse space enlarged.
Also noted were extreme hyperplasia in liver cell sinus
surface microvillus, sinus endothelial cell degeneration,
Kupffer cells proliferation, and myelin figures in sinus. At
the end of the sixth week, the amount of liver cell cytoplasm
lipid droplets increased obviously, and there were increased
myelin figures, irregularly shaped nuclei (Fig. 3c), serious
injury in sinus endothelial cell, cytoplast aggregation,

Fig. 2 Histological section of
rat livers. a Group A (the con-
trol group), 6 weeks, the rat
normal liver cell HE, ×200. b
Group A (the control group),
9 weeks, the rat normal liver cell
Masson’s trichrome, ×200. c
Group B (the high fat group),
6 weeks, steatosis of liver cells,
cell swelling HE, ×200. d Group
B (the high fat group), 9 weeks,
mild hyperplasia in periportal
collagen fibers Masson’s tri-
chrome, ×100. e Group C (the
high fat plus intermittent hyp-
oxia group), 9 weeks, steatosis
of liver cells, cell swelling,
inflammatory cell infiltration,
focal necrosis (arrow) HE,
×200. f Group C (the high fat
plus intermittent hypoxia
group), 9 weeks, hyperplasia in
periportal collagen fibers,
stained blue Masson’s tri-
chrome, ×200
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irregular enlargement of cell union, liver sinusoid and the
Disse space enlargement, and collagen fiber proliferation. On
the ninth week, liver tissue injury was the most serious, full
of lipid droplets in the liver cell cytoplasm, greatly different
in size; irregularly shaped nuclei for being squeezed, and
small and few cell organs. There were also obvious
enlargement in liver sinusoid, scattered activated platelets,
and obvious enlargement of the Disse space, containing large
bundles of collagen fibers (Fig. 3d).

Comparison of hepatic histological changes
among the three groups

The hepatic histology in group A was found normal. The
rats in group B were found to have steatosis at the end of
the third week, which became more severe with increased
exposure time, and at the end of the ninth week,
steatohepatitis was observed. In group C, the rats were
only found to have steatosis at the end of the third week,
steatohepatitis was observed at the end of the sixth week,
and liver tissue injury was most serious at the end of the
ninth week. Diffuse steatosis, obvious cell swelling,
inflammatory cell infiltration, focal necrosis, and periportal
and perisinusoidal fibrosis were found. See Table 2 for the
liver tissue changes of the three groups.

Immunohistochemistry

MPO-positive expression shows the cytoplasm to be
brown-yellow in color and negative cells blue. For the

quantitative analysis, the MPO-positive cells were counted
under ×200 magnification in ten randomly chosen fields.
The results were expressed as the mean percentage of
MPO-positive cells. On the ninth week, the MPO-positive
expression rates in the liver tissue of the three groups are
2.41±0.84, 40.31±6.86, and 70.73±12.09, respectively, F=
145.35, P<0.01 (Fig. 4).

Discussion

This study has dynamically observed the influence of the
CIH on Wistar rat liver histopathology based on lipid
disorders. The result shows that after being exposed to a
high fat diet plus intermittent hypoxia for 3 weeks steatosis
was observed among rats. After 6 weeks, features of
steatohepatitis such as hepatocellular swelling, inflammato-
ry cell infiltration, and focal necrosis within the hepatic
lobule were exhibited; after 9 weeks, the liver tissue injury
became more severe and steatosis became diffused, and
obvious cell swelling, inflammatory cell infiltration, focal
necrosis, and periportal and perisinusoidal fibrosis were
found. While rats fed simply with high fat diet have shown
steatohepatitis after 9 weeks, they are obviously slighter
than the rats in the high fat plus intermittent hypoxia group.
Our data indicate that in histopathology the SAHS injury to
the liver is mainly manifested by NAFLD, including the
process from simple fatty liver to steatohepatitis and hepatic
fibrosis. The intermittent hypoxia of sleep apnea promotes
progression from simple fatty liver to steatohepatitis and

Fig. 3 Ultrastructure of rat liv-
ers. a Group A (the control
group) rat normal liver cell
ultrastructure electron micro-
scope ×7,500. b Group B (the
high fat group), 6 weeks, a large
amount of lipid droplets in liver
cell cytoplasm, some lipid
droplets fused into clusters
electron microscope ×4,950. c
Group C (the high fat plus
intermittent hypoxia group),
6 weeks, a large amount of lipid
droplets in liver cell cytoplasm,
visible myelin figures in some
lipid droplets (arrow), small and
irregular cell nucleus electron
microscope ×9,900. d Group C
(the high fat plus intermittent
hypoxia group), 9 weeks, huge
collagen fiber bundle (arrow) in
a Disse space electron micro-
scope ×9,900
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hepatic fibrosis. The results of the present study are
consistent with the established literature [6–9]. No liver
cirrhosis was observed at the end of the experiment, which
may due to the not-so-sufficient exposure time.

The study has observed the influence of CIH on the
ultrastructure of the liver cell. Based on lipid disorders, CIH
may cause obvious steatosis of the liver cells, the
deformation and irregularity of the liver cell nucleus, the
shrinkage of the cytoplasmic organelles, necrosis of sinus
endothelial cells, irregular enlargement of cell union, and
enlargement of liver sinusoid and the Disse space with large

bundle collagen fiber hyperplasia. The observations are
consistent with ultrastructural features of NAFLD.

Serum transaminase is a sensitive indicator of liver cell
injury. The present study shows that after 3 weeks of high
fat food intake and intermittent hypoxia ALT and AST
increase; after 9 weeks, the levels of ALT and AST are four
times higher than that of the control group and two times
higher than that of the high fat group, which is consistent
with the findings of Savransky et al. [9]. Our data have
shown evidence that CIH may promote injury of the liver.
The injury mechanism has a close relationship with CIH

Table 2 Liver histopathological comparisons from the three groups of rats

Group Detecting time (weeks) Steatosis Hepatocellular swelling Lobular inflammation Fibrosis

A 3∼9 Grade 0 Grade 0 Grade 0 Grade 0

B 3 Grade 1 Grade 0 Grade 0 Grade 0

6 Grade 2 Grade 1 Grade 0 Grade 0

9 Grade 2∼3 Grade 1∼2 Grade 0∼1 Grade 1

C 3 Grade 1 Grade 0 Grade 0 Grade 0

6 Grade 2 Grade 1∼2 Grade 0∼1 Grade 1

9 Grade 3 Grade 2 Grade 2∼3 Grade 2

Group A, the control group; group B, the high fat group; group C, the high fat plus intermittent hypoxia group
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Fig. 4 The myeloperoxidase (MPO) expression of rat livers. MPO
immunohistostaining: a the control group, b the high fat group, and c
the high fat plus intermittent hypoxia group. d On the ninth week, the

MPO-positive expression rates in the liver tissue of the three groups
were statistically significantly different, P<0.01
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resulting to histological changes. Abnormal liver enzymes
are one of the basic clinical manifestations of NAFLD.

In our experiment, with the lengthening of the exposure
time of intermittent hypoxia, the levels of ALT began to
increase on the third week. On the sixth week, the peak was
reached. During the sixth and ninth weeks, ALT levels
maintained in a state of plateau (although the value of ALT
tended to decrease on the ninth week, there was no
statistical difference compared to the condition of the sixth
week, P>0.05). However, the levels of AST continued to
increase from the third week to the ninth week. The fact
that the changes of ALT and AST are not fully consistent
maybe related to their different patterns of distribution in
hepatocytes. In hepatocytes, ALT mainly exists outside the
mitochondria. However, about 80% of AST exists inside
the mitochondria. As shown in our experiment, chronic
intermittent hypoxia can cause obvious damage to the
mitochondria of hepatocytes. Especially on the ninth week
of the experiment, the transmission electron microscope
shows that the cytoplasm of hepatocytes is full of lipid
vesicle and the organelle is small both in size and number,
with little mitochondria. It is due to the fact that the damage
to the mitochondria of hepatocytes is continually getting
more serious, causing the value of AST to increase from the
third week to the ninth week.

The liver is a hypoxia-sensitive organ. A sustained
severe hypoxia or ischemia can lead to hypoxic hepatitis.
The term hypoxic hepatitis is due to acute ischemia and
hypoxia of the liver which will lead to acute liver cell
degeneration, necrosis, and liver damage, often caused by
congestive heart failure, respiratory failure, and shock by a
variety of reasons. It is histologically characterized as
various degrees of centrilobular liver cell necrosis. In the
study, the rats exposed to CIH have not shown histological
changes of hypoxic hepatitis. According to recent data, the
histological evidence of SAHS leading to liver injury
mostly focuses on NAFLD, but there are a few case studies
reporting that serious SAHS leads to the histological
changes of hypoxic hepatitis. In a prospective study of
142 cases of hypoxic hepatitis, Henrion et al. have found
that two of them were caused by severe SAHS with serious
obesity [16]. Oxygen arterial saturation was very low, less
than 35% in both patients, and there was no evidence of
heart failure and shock. The causes are speculated as
follows: intermittent hypoxia component of sleep apnea is
different from serious sustained hypoxia on injury to the
liver. The former may cause NAFLD, while the latter may
cause hypoxic hepatitis. CIH of sleep apnea is characterized
by repetitive cycles of hypoxia and reoxygenation during
sleep, but patients with extreme severe SAHS cannot
recover to normal blood oxygen saturation after hypoxia,
which will form a serious sustained hypoxia and thereby
cause hypoxic hepatitis.

The pathogenesis and progression of NAFLD has been
postulated as the result of a “two-hit” process [17, 18]. The
insulin resistance associated with obesity, diabetes, hyper-
lipidemia, and other factors causes hepatic fat accumulation
and forms hepatic steatosis as well as simple fatty fiver,
which is the “first hit”. Although the liver with steatosis
easily develops into steatohepatitis, in some individuals,
steatosis, irrespective of its etiology, never progresses to
steatohepatitis. In other words, the process is not inevitable.
It depends on the existence of the “second hit”. The
“second hit” comes from the increase of the reactive
oxygen species (ROS) caused by other causes. ROS-
induced oxidative stress is capable of initiating enough
lipid peroxidation to overcome the normal cellular defense
mechanisms, producing necroinflammation and forming
steatohepatitis.

The reported association between CIH and liver injury is
consistent with the “two-hit” hypothesis explaining the
pathogenesis of NAFLD. For the insulin resistance result-
ing from dyslipidemia and intermittent hypoxia [19], the
treated rats start fat accumulation in liver cells and form
hepatic steatosis, which is the “first hit”. SAHS is an
oxidative stress disorder [20]. Numerous researches have
demonstrated that repeated hypoxia/reoxygenation process
of SAHS is similar to ischemia/reperfusion injury in that it
can produce large amounts of reactive oxygen species
(ROS) and thereby lead to oxidative stress status [20–23].
ROS may induce hepatic lipid peroxidation, which can lead
to hepatocyte degeneration and necrosis, inflammation, and
liver fibrosis [24]. In order to prove that CIH can increase
liver oxidative stress, we monitored the MPO level of
hepatic tissues of rats exposed to CIH. MPO is an important
peroxidase produced in the azurophilic granule of neutro-
phils. Under physiological conditions, MPO catalyzes the
reaction between chlorine and hydrogen peroxide and
produces hypochlorous acid and various free radicals.
Overexpression of MPO is an important index of oxidative
stress of the body [25]. As revealed by our study, CIH
increases the expression of MPO in liver tissue, which
indicates the increase of liver lipid peroxidation. So the
oxidative stress caused by CIH constitutes the “second hit”,
which leads to the progression of simple fatty liver into
steatohepatitis and liver fibrosis. The existence of fatty liver
is the basis of the progress in which the CIH leads to liver
injury. The study of Savransky et al. also revealed that
intermittent hypoxia alone did not lead to significant liver
injury, while steatosis caused by high cholesterol feed
constituted the “first fit”. Based on this, CIH, as the
“second hit”, caused the liver to progress from simple fatty
liver to steatohepatitis and liver fibrosis [8, 9]. From this,
we conclude that the insulin resistance of SAHS patients
caused by obesity, lipid metabolism disorder, and intermit-
tent hypoxia becomes the basic mechanism of fatty liver,
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and the oxidative stress caused by CIH of sleep apnea
constitutes the “second hit”, causing the progression of
simple fatty liver into steatohepatitis and liver fibrosis.

The blood lipid test results of this study show that there
is no significant difference for the control group at every
monitoring point in TC and LDL-C. The high fat group and
the high fat plus intermittent hypoxia group started to
increase from the third week and reached the peak on the
sixth week, but went down on the ninth week even lower
than the level on the third week. The reasons may include
as follows: (1) reduction in endogenous lipid synthesis:
injury of liver function and structure affects the liver lipid
anabolism; (2) the reduction of exogenous lipid intake: as
the liver injury gets more severe, the rats in the two groups
have shown obvious signs of anorexia and the amount of
food intake is reduced; and (3) inducible enzyme metabo-
lism. Weight change also shows that the weight of the rats
in the high fat plus intermittent hypoxia group and the high
fat group increased slower on the ninth week. Nonetheless,
the NAFLD of rats in the two groups progressively
develops, which demonstrates that the change of blood fat
does not block the development of NAFLD. Another
limitation of the study is the frequency of the intermittent
hypoxia in the experiment being 60 times per hour, which
matches severe SAHS clinical features, but the study does
not refer to liver injury under the conditions of moderate
and slight intermittent hypoxia. The influence on liver
injury by different hypoxia conditions needs further
research.

In conclusion, this study has observed the dynamic
evolution in which rat liver injury develops from simple
fatty liver into steatohepatitis and finally into liver fibrosis
under the conditions of high fat feed plus CIH. It suggests
that CIH has a natural relationship with liver injury, which
is mainly characterized by NAFLD; CIH leads to the
strengthening of the response of liver oxidative stress and
supports the assumption that CIH causes liver injury
through the oxidative stress pathway. Thus, we speculate
that obstructive sleep apnea (OSA) patients have potential
hepatic injuries, especially those with hyperlipidemia. OSA
may act as one of the causes for the initiation and
development of NAFLD. OSA patients should be advised
to pay enough attention to changes in liver function.
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