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Introduction

Cytochrome P450 1A2 (CYP1A2), one of the most 
important hepatic cytochrome P450 (CYP) isoforms, has 
been widely accepted to be an important drug for metabolic 
enzyme. Many drugs, such as theophylline, warfarin, and 
caffeine are metabolized by hepatic CYP1A2 (1,2). Many 
factors can influence the activity of hepatic CYP. Hypoxia 

is generally a significant factor. Both human and animal 
studies have confirmed the impact of sustained hypoxia on 
CYP isoforms and relative drug biotransformation (3-6).  
Rahman and Thomas (3) have studies  Altantic croaker and 
showed that hypoxia exposure causes a significant decrease in 
hepatic CYP1A mRNA and protein levels. Fradette et al. (4)  
found that after exposure to acute moderate hypoxia, 
hepatic CYP isoforms, CYP1A1, 1A2, 2B4, 2C5, and 2C16 
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were down-regulated, while CYP3A6 and P-glycoprotein 
were up-regulated, Li et al. demonstrated that the activity 
of hepatic CYP family, CYP1A2 rather than CYP2C9 and 
CYP2C19, were decreased after rat were subjected to high-
altitude hypoxia (5). A human study with 12 volunteers  
exposed to altitude-induced hypoxia found that the activity 
of CYP2D6 and CYP3A4 was slightly reduced (6).

Obstructive sleep apnea (OSA) is a highly prevalent 
disorder among middle-aged adult. OSA is associated with 
sleepiness, traffic accidents, and variety of diseases, such 
as hypertension, cardiovascular diseases, and metabolic 
abnormalities (7). Repetitive upper airway collapse during 
sleep in OSA patients induces chronic intermittent 
hypoxia (CIH) and sleep fragmentation that are considered 
as the markedly pathophysiological features of OSA (7).  
Recently, clinical investigations have also elucidated that OSA 
is tightly correlated with liver damage or live disease (8-10).  
The severity of OSA is critically associated with elevated 
liver enzymes and steatohepatitis independent of the 
body weight (10). OSA patients have five-fold more risk 
to develop liver diseases (8). Continuous positive airway 
pressure (CPAP), the novel treatment choice for OSA, 
is indicated as a feasible way to decrease the risk of liver 
diseases (11). The repetitive obstruction of the upper airway 
contributes to nocturnal CIH and sleep fragmentation. 
Although the sleep fragmentation potentially results in 
OSA complications, the majority of experimental studies 
consider CIH as the major factor leading to oxidative stress, 
systemic inflammation, endothelial dysfunction, and the 
damage of several organs (12-14). Therefore, CIH animal 
model has been widely accepted as the model mimicking 
OSA patients (15,16). In experimental studies, several 
studies paid attention to the correlation between CIH 
and liver injury or diseases. Ten year ago, evidence has 
shown CIH predisposed to mild liver injury in lean mice 
exposure to intermittent hypoxia for 12 weeks (17). A study 
by Savransky et al. (18) indicated that CIH combined with 
acetaminophen caused liver injury. The same team also 
inferred that CIH contributed to hepatitis in a mouse model 
of diet-induced fatty liver (19). We previous demonstrated 
that under the observation of transmission electron 
microscope, obvious pathological ultrastructural changes 
of liver cells were found in mice treated with CIH and 
isoniazid plus rifampicin. Another study from our team not 
only observed the ultrastructural liver cells changes, but also 
delineated that CIH down-regulated the total microsomal 
CYP protein levels (20). The metabolism of theophylline in 
hepatocytes harvested from mice was attenuated by CIH in 

our abovementioned study (20). 
As mentioned above, hypoxia contributed to the change 

of CYP isoforms. The dosage of drugs may need to be 
regulated in patients with sustained hypoxia, such as chronic 
obstructive pulmonary disease, and chronic heart failure. The 
pathophysiological features of CIH are different to sustained 
hypoxia (21,22). However, few data have been addressing 
the hepatic CYP levels and relative drug biotransformation 
in patients with OSA. Theophylline, as a probe drug to 
assess CYP1A2 activity, has been confirmed to be inhibited 
by CIH in our previous study (20). We also speculated that 
the expression of hepatic CYP1A2 appears to be decreased 
in CIH-exposed mice. The aim of the present study was to 
evaluate the impact of CIH on hepatic CYP1A2 levels in 
a mouse model of sleep apnea, and to further elucidate the 
possible potential mechanisms for this effect. 

Methods

Animals

A total of 24 wild-type, 6–8-week-old male, lean C57BL/6J 
mice were purchased from the Chinese Academy of 
Science Laboratory Animals Center in Shanghai, China. 
Experiments were implemented in accordance with the 
Guide for the Care and Use of Laboratory Animals (23). All 
the experimental procedures were approved by the Ethics 
Committee of The Second Affiliated Hospital of Fujian 
Medical University (Approved number 2016-008). All 
efforts had been made to minimize the number of mice used 
and their suffering.

Experimental design

All animals were in a controlled environment (22–25 ℃ with 
a 12–12 h light-dark cycle; lights on at 08:00 am) where food 
and water were available. Mice were randomly allocated to 
two groups: normoxia group (n=12) and CIH group (n=12). 
Mice in CIH group were exposed to CIH condition; while 
mice in normoxia group were under normoxic condition 
during experiment. Both were produced for 12 weeks.

CIH protocol

C I H  e x p o s u r e  w a s  c o n d u c t e d  a s  p r e v i o u s l y  
described (20,24,25), with some modification. Briefly, a 
self-made plexiglass chamber with one-way valves was 
served as CIH condition. The mice in the CIH group were 
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placed in the chamber. A programmable instrument that 
regulated solenoid valves altered the input of nitrogen, 
oxygen, or compressed air to generate CIH condition. The 
S-450 oxygen detection alarm (IST-AIM Company, USA, 
with a sensitivity of 0.1%) was used to monitor the oxygen 
concentration. The oxygen concentration in the chamber 
was altered from normal (21%±1%) to nadir point (6%±1%) 
for every 120 s of hypoxia and reoxygenation period. The 
CIH exposure was conducted from 08:00 am to 04:00 pm 
daily for 12 consecutive weeks. 

Samples collection and tissues preparation

After the CIH exposure, mice were sacrificed for 
samples collection. Mice were fasted overnight prior to 
terminal anaesthesia. After being euthanized with 3% 
phenobarbital (30 mg/kg) intraperitoneal injection, all 
mice were weighted. Blood was obtained by direct cardiac 
puncture. The blood samples were centrifuged at 3,000 g 
for 15 min at 4 ℃ while the supernatants (serum) were 
collected and stored at −80 ℃ for further analysis. Liver 
was surgically isolated and weighted, either frozen in liquid 
nitrogen or then stored at −80 ℃, fixed in buffered 10% 
formalin for histological examination, or immediately 
prepared for liver microsome collection.

Analysis of alanine transaminase (ALT), aspartate 
transaminase (AST), and glutamyl transpeptidase (GGT)

Serum ALT, AST and GGT were analyzed by using the 
H-7600 automatic analyzer (Hitachi, Japan) in the Clinical 

Experimental Center at the Second Affiliated Hospital of 
Fujian Medical University.

Quantity real-time polymerase chain reaction (qRT-PCR)

Total RNA was extracted from mouse liver tissue using 
the TRIzol reagent (Invitrogen, Carlsbad, CA, USA). 
The concentration of total RNA was measured by 
spectrophotometry and the OD260/OD280 ratio was obtained 
to assess the RNA purity. To synthesize the first-strand 
complementary DNA (cDNA), reserve transcript was 
conducted with PrimeScriptTM RT reagent Kit (TaKaRa, 
Biotechnology, Dalian, China) in a 20 μL reaction mixture 
following the supplier’s instructions. qRT-PCR was conducted  
using cDNA as a template in the Applied Biosystems 
7,500 Fast Real-Time PCR System (Applied Biosystems, 
Foster City, CA, USA) with SYBR green I as fluorescent 
dye according to the protocol of manufacture (TaKaRa, 
Biotechnology, Dalian, China). The PCR conditions were 
95 ℃ for 30 s, followed by 40 cycles of 95 ℃ 3 s, 60 ℃ 30 s.  
The primers used in the RT-PCR are outlined in Table 1. The 
relative gene expression levels were calculated on the basis of 
2−DDCt. GAPDH was used as internal control. The results are 
presented as fold change of CIH relative to normoxia group.

Western blotting

Liver tissue sections (50–100 mg) were homogenized in a 
glass homogenizer with ice-cold radioimmunoprecipitation 
(RIPA) lysis buffer (500–1,000 μL, Beyotime, Beijing, 
China), in which both phosphatase and protease inhibitors 
were added. All the procedures aforementioned were 
performed on ice. The homogenates were centrifuged at 
12,000 g, at 4 ℃ for 10 min, therefore. The supernatants 
were extracted. Protein concentrations in the supernatants 
were determined by bicinchoninic acid protein assay 
(Beyotime, Beijing, China). Equal amounts of boiled 
protein (40 μg for each lane) in the loading buffer were 
separated on a 10% sodium dodecyl sulfate-polyacrylamide 
gel (SDS-PAGE), and transferred on to polyvinylidene 
difluoride (PVDF) membranes (Millipore, Boston, MA, 
USA). The membranes were blocked with 5% non-fat milk 
for at least 1 h at room temperature. After 3 times rinse 
with Tris-buffered saline + Tween-20 (TBST; 0.15 M NaCl, 
20 mM Tris-HCl, 0.05% Tween 20, pH 7.4), the PVDF 
membranes were incubated with the following antibodies 
at 4 ℃ overnight: rabbit anti-CYP1A2 polyclonal antibody 
(1:1,000, Proteintech, Catalog No: 19936-1-AP), rabbit 

Table 1 Primers for CYP isoforms RT-PCR

Primer name Primers sequence(5' to 3')
Product 

length (bp)

GAPDH AAGGGCTCATGACCACAGTC 20

Abcb1a TGACTATGCGAAAGCCACAG 20

CYP1A2 CCCAAGGAGCGCTGTATCTA 20

CYP2A5 CCCAAGGAGCGCTGTATCTA 20

CYP2C29 GGAACATTGAGGACCGTGTT 20

CYP2E1 AGGCTGTCAAGGAGGTGCTA 20

CYP3A11 ACTTGAGGCAGAAGGCAAAG 20

CYP3A25 GCATAGGCATGAGGTTTGCT 20

CIH, chronic intermittent hypoxia; RT-PCR, real-time polymerase 
chain reaction; CYP, cytochrome P450. 
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anti-CYP2E1 polyclonal antibody (1:1,000, Proteintech, 
Catalog No.: 19937-1-AP) mouse anti-HIF-1α monoclonal 
antibody (1:250, Novus Biologicals, Littleton, CO), rabbit 
anti-NF-κB monoclonal antibody (1:1,000, Cell Signaling 
Technology), rabbit anti-p44/42 MAPK monoclonal 
antibody (1:1,000, Cell Signaling Technology), rabbit anti-
phospho-p44/42 MAPK monoclonal antibody (1:2,000, Cell 
Signaling Technology), and rabbit anti-GAPDH polyclonal 
antibody (dilution 1:5,000, Proteintech). The following 
day, the membranes were rinsed with TBST before 
being incubated with goat anti-rabbi/mouse peroxidase-
conjugated secondary antibody (Proteintech, Chicago, IL, 
USA) in room temperature for 1 h. After the blots were 
washed three times with TBST buffer, they were developed 
and exposed using an enhanced chemiluminescence kit 
(Clarity™ Western ECL Substrate, Bio-Rad). Western 
blots were performed triplicate for accuracy. The band 
densities on the membranes were estimated using the Image 
J analysis software (National Institutes of Health, Bethesda, 
MD, USA). GAPDH was used as an internal control to 
normalize sample loading on the gels.

Histopathological examination and immunohistochemical 
analysis

After overnight fixing in formalin, the liver tissues were 
dehydrated in graded alcohol series, cleaned with xylene, 
and embedded in paraffin. Coronal 4 μm thick liver 
slices were cut. These slices were de-paraffinized with 
xylene, followed by rehydration in an ethanol gradient  
(100–70% v/v). Then these slices were stained with 
hematoxylin-eosin (HE). Immunohistochemistry staining 
was also conducted on the coronal slices of the tissue 
samples. Slices were rehydrated and rinsed in phosphate-
buffered saline (PBS), and incubated in 1% H2O2 for  
30 min at room temperature and three rinses in PBS. Slides 
were blocked with 10% goat serum (Solarbio, Beijing, 
China) for 15 min prior to be incubated with the primary 
antibody: rabbit anti-CYP1A2 (1:200, Proteintech) at  
4 ℃ overnight. Subsequently, the slices were incubated in 
biotinylated goat anti-rabbit secondary antibody (1:500) for 
1 h at room temperature. Avidin-3, 3'-diaminobenzidine 
(DAB) staining kit (Beijing Zhongshan Biotechnology, 
Beijing, China) was used to detect immune complexes. All 
slices were visualized using a Leica DM2500 microscope, 
and images were photographed at original magnification 
40×, 100×, respectively.

Liver microsome preparation and CYP1A2 expression

Liver microsome preparation was conducted as previous 
reported (20). Liver tissue about 250mg was rinsed with chill 
PBS, then homogenized in 0.05 mol/L pH 7.4 Tris-HCL buffer 
solutions. Homogenate was centrifuged at 10,000 g for 20 min  
at 4 ℃. Supernatant was collected, and ultracentrifuged at 
105,000 g for 60 min at 4 ℃ (Beckman, Optiam L-100XP, 
USA). Microsomal pellets were re-suspended in 0.05 mL, 
250 mM sucrose, then flashed frozen and stored at −80 ℃.  
Total CYP concentration in hepatic microsomes was 
measured with carbon monoxide difference spectroscopy (20).  
The microsomal protein level of CYP1A2 was also detected 
by western blotting as aforementioned. 

Statistical analysis

The GraphPad Prism 5.0 (GraphPad software, Inc., La 
Jolla, CA, USA) was performed for data analysis. All 
values are presented as mean ± standard deviation (SD). 
Independent-samples t-test was conducted to compare the 
differences of relative values between the two groups. A P 
value of <0.05 was considered statistically significant.

Results

Body weight, liver weight, ALT and AST changes in mice 
treated with CIH

Compared to normoxia group, the body and liver weights of 
mice in CIH group were declined significantly (21.86±1.60 
vs. 26.78±1.25, 1.36±0.14 vs. 1.50±0.18; P<0.05, P<0.01; 
respectively) (Figure 1A). After 12-week treatment with 
CIH, the transaminases levels, namely ALT and AST, in 
CIH group were similar to the normoxia group (34.58±12.77 
vs. 43.50±9.14, 92.50±18.74 vs. 97.33±15.45; both P>0.05; 
respectively) (Figure 1B).

Liver histopathology

Histopathological examination exhibited that CIH did not 
affect the morphological architecture of live tissue in both 
CIH and normoxia groups on the HE stains (Figure 2).

RT-PCR results of CYP isoforms mRNAs

Figure 3 shows the RT-PCR results of hepatic CYP isoforms 
mRNAs. After exposure to CIH for 12 weeks, the CYP1A2 
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Figure 1 Comparison of (A) body weight and liver weight, (B) alanine transaminase (ALT) and aspartate transaminase (AST) in mice 
between normoxia and chronic intermittent hypoxia (CIH) groups. (A) In comparison with normoxia group, both body weight and 
liver weight were decreased in mice among CIH group. The difference of ALT and AST between two groups did not reach statistically 
significant. Data are presented as means ± standard deviation (SD). *, P<0.05 vs. normoxia group; **, P<0.01 vs. normoxia group.

Figure 2 Histopathological examination of liver in mice 
subjected to normoxia and chronic intermittent hypoxia (CIH). 
No abnormal liver architecture change, namely inflammation, 
steatosis, hepatocyte swelling or necrosis, was detected under light 
microscope in both groups. The morphology of hepatic cells in 
two groups was detected by hematoxylin-eosin (HE).

Figure 3 RT-PCR results of CYP isoforms mRNA. After 12 weeks 
of exposure to CIH, the mRNA levels of CYP1A2 were decreased, 
while the other CYP isoforms were not altered. *, P<0.05 when 
compared with control group; CYP, cytochrome P450; CIH, 
chronic intermittent hypoxia; RT-PCR, real-time polymerase 
chain reaction.mRNA levels were decreased but other CYP isoforms 

(Abcb1a, CYP2A5, CYP2C29, CYP2E1, CYP3A11, and 
CYP3A25) mRNAs were not altered. 

Western blotting results of CYP1A2 and CYP2E1

Since the differential species between human and mouse, 
the CYP isoforms are also different. Both CYP1A2 and 
CYP2E1 are the hepatic CYP isoforms existing both in 
human and mouse. Hereby, the CYPA12 and CYP2E1 
antibodies were applied in the present study. The results 
illustrated that the protein levels of CYP1A2 rather than 
CYP2E1 were decreased in CIH group (Figure 4).

Expression of CYP1A2 both at mRNA and protein levels

A reduction of total CYP450 concentration in hepatic 
microsomes was observed in mice subjected to CIH (Figure 5). 
The RT-PCR results revealed that CIH contributed to the 
down-regulation of CYP1A2 mRNA expression (Figure 6A).  
Immunohistochemistry assay presented that the liver tissue 
in mice exposure to CIH group presented a decreased 
expression of CYP1A2 when compared with mice in 
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normoxia group (Figure 6B). Immunohistochemistry results 
were confirmed by western blotting analysis: CIH decreased 
the CYP1A2 protein levels in both whole liver tissue fraction 
(Figure 6C) and liver microsomal fraction (Figure 6D).

Protein levels of HIF-1a, NF-kB and p-P44/42 MAPK in 
mice treated with CIH

As shown in Figure 7 ,  the CIH group displayed a 
significantly enhanced expression level of HIF-1α, NF-κB, 
and p-P44/42 MAPK compared with normoxia group.

Discussion

The present study evaluated the impact of CIH on the 
expression of hepatic CYP1A2 levels in a mouse model 
of sleep apnea. The results showed that the expression of 
hepatic CYP1A2, both at the mRNA and protein levels, was 
inhibited in mice exposure to 12-week CIH. Meanwhile, 
the protein levels of HIF-1α, NF-κB, and p-P44/42 MAPK 
were also elevated in CIH-exposed mice.

Most drugs should be metabolized by liver in the 

body. CYP is a superfamily of heme-thiolate proteins. 
Numerous endogenous and exogenous compounds, 
including drugs, were metabolized by CYP enzymes (26). 
CYP could be subdivided to many isoforms; CYP1A2 
is one of the major P450 isoforms, contributing nearly 
20% of the hepatic P450 pool and catalyzing oxidative 
biotransformation of various types of commonly used 
drugs such as theophylline, caffeine, and clozapine (1,2,27).  
The activity of hepatic CYP enzymes can be regulated 
b y  s e v e r a l  e n d o g e n o u s  a n d  e x o g e n o u s  f a c t o r s . 
Evidence elucidated that hypoxia is a significant factor 
contributing to the fluctuation of CYP expression (28).  
Several human studies have reported that chronic sustained 
hypoxia, which exists in chronic respiratory or heart failure, 
alters many drugs biotransformation (29,30). Antipyrine is a 
drug eliminated exclusively by several hepatic CYP isoforms. 
Data confirmed that the clearance rate of antipyrine in 
patients with chronic obstructive lung disease is obviously 
lower than that in volunteers with normoxia (29).  
The clearance rate of theophylline, a probe drug evaluating 
the activity of CYP1A2, has been proven to be reduced by 
75% in patients with severe respiratory failure (31). Animal 
study found that when rabbits exposed to a sustained 
hypoxia atmosphere for 48 h, the hepatic CYP isoforms 
are prone to be modulated: CYP1 and CYP2 families 
were inhibited, while CYP3A6 and P-glycoprotein were 
enhanced (4). Chronic hypobaric hypoxia exposure not 
only down-regulated the expression of CYP2C9, but also 
affected the metabolism of ibuprofen in a rat model (32).  
Both acute and chronic high-altitude hypoxia elicited 
significant decrease in the expression of CYP1A2 in rats (5).  
The down-regulated CYP1A was observed in Atlantic 

Figure 4 Western blotting results of CYP1A2 and CYP2E1. 
When compared with mice exposed to normoxia, the protein levels 
of hepatic CYP1A2 in the CIH group were decreased, however, 
the CYP2E1 protein levels remained no change in CIH group. 
**, P<0.01 when compared with control group; CYP, cytochrome 
P450; CIH, chronic intermittent hypoxia.

Figure 5 Total CYP450 levels of hepatic microsomes were lower 
in CIH group than that in normoxia group. **, P<0.01 vs. normoxia 
group; CYP, cytochrome P450; CIH, chronic intermittent hypoxia.
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Figure 6 Chronic intermittent hypoxia (CIH) contributed to down-regulation of hepatic CYP1A2 expression. (A) RT-PCR results showed 
that in comparison with normoxia group, CYP1A2 mRNA levels were markedly inhibited in mice exposed to CIH. CYP1A2 in cytoplasm 
manifested as a brown color after immunohistochemical staining; (B) compared with normoxia group, immunochemistry assay illustrated a 
decreasing number of CYP1A2 immune-positive hepatocytes in CIH-induced mice. Western blotting results also confirmed that the protein 
levels of CYP1A2 were decreased in both whole (C) hepatic tissue fraction and (D) hepatic microsomal fraction among mice treated with 
CIH. GAPDH was served as loading control. Data are expression as means ± standard deviation (SD). *, P<0.05 vs. normoxia group; **, 
P<0.01 vs. normoxia group; RT-PCR, real-time polymerase chain reaction.
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croaker subjected to hypoxia (3). The down-regulation 
of CYP levels were also found in human hepatocytes 
under sever hypoxic incubation (33). From the knowledge 
abovementioned, it is not hard to conclude that hypoxia 
contributes to the up or down regulation of hepatic CYP. 
Since hypoxia reduces the clearance of selected drugs 
and increases drugs toxicity, the dosage of drugs which 
metabolized by CYP isoforms may need to be adjusted in 
clinical practice.

Robust  ev idence  showed that  OSA i s  a  major 
independent risk factor for various liver diseases (8,9,11). 
OSA patients suffered 5-fold risk to develop liver cirrhosis 
and hepatitis C in a population-based study in Taiwan (8). 
A study on 163 nondrinking patients who underwent full-
night polysomnography showed that the severity of OSA 
is associated with elevated liver enzymes; Steatohepatitis 

and fibrosis were observed in histological examination in 
18 patients with elevated liver enzymes (10). Meanwhile, 
study also delineated that the prevalence of OSA was up 
to 72% in patients with biopsy-proven nonalcoholic fatty 
liver disease (9). Experimental study demonstrated that 
CIH originated or promoted liver damage. Savransky 
and colleague (17) found that CIH caused high ALT in 
serum and hepatocytes swelling in histology examination 
among lean mice. The inflammation and apoptosis in 
the liver were exhibited in an animal model mimicking 
OSA (19,34,35). The synergistic function of CIH and 
hepatotoxic drugs in the liver injury were described in 
previous studies (18,25). Histopathological examination in 
a study by Savransky and co-workers (18) revealed hepatic 
necrosis and increased apoptosis in CIH-induced mice. 
Our previous study indicated that CIH aggravated hepatic 
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ultrastructure damage in mice administrated with two anti-
tuberculosis drugs (25). There were inconsistent results 
regarding the histopathological finding of liver tissue in 
mice exposure to CIH. Study from Savransky (18) and the 
present study failed to observe the morphological changes 
of liver tissue under the light microscope. In contrast, other 
studies (17,34,35) illustrated various degrees of pathological 
changes in hepatocytes. We speculated that the CIH 
duration and discrepancy of study design may partly explain 
the inconsistency. 

Inconsistent to sustained hypoxia, the pathophysiological 
characteristics of CIH is similar to ischemia/reperfusion  
injury (7). CIH easily triggers systemic inflammation, oxidative 
stress, endothelial damage, and metabolic abnormalities (7).  
Numerous data demonstrated the impact of sustained 
hypoxia on hepatic CYP and drug metabolism (3-5,32).  
Patients with chronic sustained hypoxia were advised 
to adjust the dosage of drugs (6). However, no clinical 
investigation addressed the drug metabolism in OSA 
patients, in which CIH is an essential feature. The evidence 
of CIH-induced hepatic CYP expression is also lacking in 
animal study. Based on the hypothesis that CIH elicited the 
change of expression of hepatic CYP, several CYP isoforms 
in mouse were evaluated. CYP1A2, one of the vital isoforms 
of CYP, was depressed by CIH in both mRNA and protein 
levels, however, we fail to find any change of other CYP 
isoforms. Simultaneously, we try to explore the possible 
underlying molecular mechanism of the inhibited effect. 
The enhanced expression of HIF-1α, NF-κB, and p-P44/42 
MAPK was found in the mice treated with CIH. These 
findings were consistent with previous studies (17,34,36-38). 

However, we only can speculate these signaling molecules 
may involve in the effect of CIH on CYP isoform. Further 
study, such as RNA interference at the cellular levels, 
is warranted to confirm the definitely function of these 
molecules. 

The present study had it strengths. First, the present 
study was the first study  to investigate the relationship 
between CIH and hepatic CYP. Secondly, inconsistent 
with other studies (18,21,34,36), the mice were exposed 
to intermittent hypoxia for total 12 weeks in our study.  
This implies that mice treated with CIH, more approaching 
to the pathophysiological feature of sleep apnea patients. 
Third, lean C57BL6/J mice were applied for excluding the 
influence of obesity on hepatic CYP expression, since data 
delineated that hepatic CYP activity and drug biotransform 
could be affected by obesity (39,40).

Several limitations in this study were clarified as follows:  
(I) we only found the low expression of hepatic CYP1A2 in 
a mouse model of CIH. In order to verify the hypothesis 
that OSA patients need to adjust the drug dosage and 
prevent the drug liver toxicity, study addressing on the 
change of blood probe drugs concentration is required in 
a larger animal model mimicking OSA or in OSA patients; 
(II) instead of CYP1A2, the other CYP isoforms were not 
altered after exposing to CIH in the present study. The 
conclusion of the present study might not be extrapolated 
to other CYP isoforms; (III) we only evaluated the effect 
of CIH, one of the pathophysiological features of OSA, 
on hepatic CYP. Sleep fragmentation, the other feature of 
OSA, was not mimicked in the present study. This weakens 
the clinical significance of this work. 

Figure 7 Western blotting results delineated that when compared with normoxia group, the protein expression levels of HIF-1α, NF-κB and 
p-P44/42 MAPK were enhanced in mice exposed to chronic intermittent hypoxia (CIH). GAPDH (in HIF-1α, NF-κB groups) and P44/42 
MAPK (in p-P44/42 MAPK group) were served as loading control. *, P<0.05 vs. normoxia group; **, P<0.01 vs. normoxia group.
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Conclusions

The present study demonstrated that CIH contributed 
to the inhibition the expression of hepatic CYP1A2. We 
speculate that the dosage of probe drugs, metabolizing by 
CYP1A2, appears to be adjusted in OSA patients.
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