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Aims: This study was to investigate the degree of susceptibility to intermittent hypoxia (IH), a hallmark of
obstructive sleep apnea (OSA), between the two mice inbred lines C57BL/6N (6N) and C57BL/6J (6J).
Materials and methods: Four-week old male mice of 6N and 6J substrains (n = 8) were randomized to standard
diet (SD) group or high fat (HF) diet group. At the age of 13-week, all two groups of mice were subjected to
either air or IH (IH30; thirty hypoxic events per hour) for one week.

Key findings: All mice fed with HF diet exhibited obesity with more body weight and fat mass (percentage to
body weight) gain. IH reduced serum LDL, HDL and total cholesterol levels in lean 6J mice. In obese mice, IH
lowered obesity-induced serum total cholesterol level in 6J substrain but raised further in 6N substrain.
Furthermore, IH caused elevation of serum FFA and MDA levels, and pro-inflammatory cytokines MCP-1 and IL-
6 levels in subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT) of lean 6J but not lean 6N mice.
There was reduced number of adipocytes and elevation of macrophages in SAT and VAT of HF-induced obese
mice of both substrains. IH led to increased number of adipocytes and macrophages in SAT of lean 6J mice.

Significance: The genetic difference between 6N and 6J mice may have direct impact on metabolic and in-
flammatory responses after IH. Therefore, attention must be given for the selection of C57BL mice substrains in

the experimental IH-exposed mouse model.

1. Introduction

Obstructive sleep apnea (OSA) refers to the sleep-related breathing
disorder characterized by recurrent episodes of upper airway collapse,
leading to increased negative intrathoracic pressure, sleep fragmenta-
tion and intermittent hypoxia (IH) during sleep [1]. There is growing
evidence linking OSA independently to the development of various
cardio-metabolic diseases [2-4]. IH during sleep causes several patho-
logical responses including oxidative stress and inflammation [1,5].
Clinical studies have shown elevations of circulating pro-inflammatory
cytokine levels and increased levels of biomarkers of oxidative stress
such as lipid peroxidation in subjects with OSA compared with controls
[6]. Obesity is an important risk factor for OSA as majority of patients
with OSA are obese [5]. Apart from direct influence on metabolic
pathways by the process of overweight, OSA may interact with obesity
to propagate or amplify adverse metabolic effects, which may run in a

vicious cycle [1,5,7]. Previous animal studies have reported that IH-
induced oxidative stress and inflammation were exacerbated in high-fat
diet-induced obesity, but the modulation of the expression or the
function of the adipocytokines within the process of OSA remains un-
clear [8].

Rodent models have been established to investigate the molecular
mechanisms involved in the process of diet-induced obesity and IH. For
metabolic studies, the most commonly used mouse model has been the
C57BL/6 strain because of its high susceptibility to develop obesity and
hyperglycemia when fed with a high-fat (HF) diet compared to other
strains [9]. Both C57BL/6N (6N) and C57BL/6J (6J) mice are widely
used substrains for biomedical research purpose. Unfortunately, some
studies do not properly state which C57BL/6 mice substrains have been
used, making data interpretation difficult [8,10]. However, subtle ge-
netic differences have developed in C57BL/6 mice substrains from
different sources, which can have a substantial impact on types of
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Fig. 1. Blood oxygen saturation (SpO-) fluctuation over time in a mouse ex-
posed to TH30 (10% O, for 1 min followed by 21% O, for 1 min; 30 cycles/h)
measured by MouseVent G500 (Kent Scientific Corporation, Torrington, CT,
USA).

experiments [11]. Our previous findings in 6N mice led to conflicting
results compared to other studies using 6J mice [12], which raised the
concern that some problems with reproducibility of data could come
from the unrecognized mismatch of different background substrains.
Therefore, we aimed to perform a comparison between 6N and 6J mice
on the effects of HF diet and IH exposure.

2. Materials and methods
2.1. Animal protocols

Four-week old male C57BL/6N mice (Strain code: 027; Charles
River, NCI Research Models and Services, Frederick, Maryland, USA)
and C57BL/6J mice (Stock #000664; Jackson Laboratories, Bar Harbor,
Maine, USA) were randomly divided into standard diet group and HF
diet (45% of calories; Research Diets, New Brunswick, NJ, USA; diet
D12451) group. The consumption of diets and the gain of body weight
were examined every week. At the age of 13-week, mice from both sub-
strains were subjected to air or/intermittent hypoxia (IH). The IH
protocol was performed using OxyCycler Model A84XOV (BioSpherix,
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NY, USA). Each IH cycle comprised 60-s 10% oxygen levels followed by
another 60-s 21% oxygen levels (i.e. 30 cycles/h) for 8 h per day. This
hypoxic profile was associated with arterial oxyhemoglobin saturation
(SpO,) which fluctuated between a peak of 86-94%, gradually de-
creasing to a nadir of 34-41%, for 30 times per hour, as measured using
a pulse oximeter (MouseVentG500; Kent Scientific; Torrington, CT,
USA) (Fig. 1). Animals in control group were kept in an identical en-
vironment receiving air instead. All mice were sacrificed after one week
of exposure. Total fat mass and total lean mass were measured by the
Minispec LF90 Body Composition Analyzer (Bruker, Billerica, MA, USA)
before sacrifice. Mice were sacrificed with overdose of sodium pento-
barbital anesthesia (100 mg/kg, i.p.) after fasting overnight. Serum
samples, anterior (i.e. at the front) subcutaneous and epididymal (as
visceral) adipose tissues were collected at the time after sacrifice. All
animal procedures conformed to the guidelines from Directive 2010/
63/EU of the European Parliament. Animal care and experimental
protocol for the study were approved by the Committee on the Use of
Live Animals in Teaching and Research of The University of Hong Kong
(CULATR 3795-15).

2.2. Measurement of lipid parameters, peroxidation, adiponectin and leptin
levels

Serum levels of high-density lipoprotein (HDL), low-density lipo-
protein (LDL), total cholesterol and triglyceride were measured with
kits from EKF Diagnostics Company (Stanbio, Boerne, TX, USA).
Malondialdehyde  (MDA; Nanjing Juancheng Institute of
Bioengineering, Nanjing, Jiangsu, China) and free fatty acid (FFA) le-
vels (Roche, Mannheim, Germany) were applied to assess lipid perox-
idation as a marker of oxidative stress in the circulation. Serum adi-
ponectin (Antibody and Immunoassay Services, HKU, Hong Kong) and
leptin (Peprotech, Rocky Hill, NJ, USA) levels were measured by using
ELISA kits according to the manufacturer's instructions.

2.3. Preparation of adipose tissue protein

A small piece of subcutaneous or visceral adipose tissues from each
mouse was homogenized in ice-cold T-PER™ Tissue Protein Extraction
Reagent (Cat. # 78510; ThermoFisher Scientific, Rockford, IL, USA)

Table 1
Metabolic characteristics of experimental mice for both sub-strains.
Parameter: Mean + SEM Air IH HF HF + IH
Initial body weight (g) 6N 15.0 = 0.6 15.9 = 0.6 154 = 1.0 16.2 = 0.7
6J 15.3 £ 0.5 159 = 0.4 15.8 = 0.5 16.3 = 0.6
Body weight gain (g) 6N 13.4 + 0.9 11.8 = 0.7 24.4 + 0.8" 23.4 + 1.1°
6J 124 + 0.9 11.7 = 0.5 17.6 = 1.1°% 185 = 0.8°°
Fat mass (% of body weight) 6N 16.6 = 0.9 12.0 = 0.4° 36.8 £ 1.0° 35,5 £ 1.7 ¢
6J 129 + 0.3 11.1 = 0.3 25.5 + 0.7 ¢ 26.7 + 0.8°"
Food consumption (g/week) 6N 26.4 + 0.5 26.2 = 0.6 19.8 + 0.5 20.0 = 0.4
6J 275 = 0.3 26.4 = 0.3 185 + 0.4 20.3 = 0.
Serum LDL cholesterol (mg/dl) 6N 28.3 = 3.1 30.8 £ 25 92.8 + 10.9 © 103.7 * 9.9°
6J 39.9 * 2.4 231 +12°%° 70.0 = 5.1°¢ 649 + 65"
Serum HDL cholesterol (mg/dl) 6N 51.1 + 2.9 509 + 3.4 76.2 = 3.6 ¢ 719 = 3.9°
6J 55.8 = 0.7 49.6 + 1.4° 80.7 + 2.2°¢ 75.8 £ 1.4°
Serum total cholesterol (mg/dl) 6N 66.1 = 4.1 59.4 + 3.3 130.6 + 7.6 © 151.1 = 5.1 ¢
6J 80.3 = 4.9 58.6 + 1.1° 123.6 + 6.7 © 103.0 = 5.8 %%
Serum triglyceride (mg/dl) 6N 153 + 1.7 17.1 = 1.9 32,9 + 3.5°¢ 33.3 + 2.4°
6J 15.6 = 1.0 17.3 = 1.3 26.0 = 1.6 © 24.8 + 1.3 ¢

HDL, high-density lipoprotein; LDL, low-density lipoprotein.
@ p < 0.05.
b p < 0.01.
€ p < 0.001 compared to relative Air group.
4 p < 0.05 compared to relative HF group.
¢ p < 0.05.
fp < o001

8 p < 0.001 compared to relative group of 6N substrain; n = 8 for each group.
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Fig. 2. Serum oxidative and inflammatory markers. HF elevated serum FFA (A), MDA (B) and leptin (D) level significantly in mice of both sub-strains; suppressed
serum adiponectin level adjusted by body weight (C) reaching significance in HF mice for 6J substrain; One week exposure of IH induced a non-significant increase in
serum FFA (A) and MDA (B) level for lean 6N mice, but reached significance for lean 6J mice. Values were expressed as mean = SEM (n = 8 for each group).

*p < 0.05, **p < 0.01, ***p < 0.001 compared to relative Air group.

supplemented with 1/100 (v/v) cocktail of protease and phosphatase
inhibitors (Cat. # 78440; ThermoFisher Scientific) before sonication.
The suspensions were centrifuged at 14,000 X g for 15 min at 4 °C and
the supernatants were collected as total protein. The protein con-
centration was measured by Bradford protein assay (BioRad
Laboratories, Hercules, California, USA).

2.4. Assessment of inflammatory cytokines

Supernatants collected from adipose tissue homogenates were used
to analyze in duplicate for the presence of interleukin-6 (IL-6), mono-
cyte chemoattractant protein-1 (MCP-1) (eBioscience, San Diego, CA,
USA) and adiponectin (Antibody and Immunoassay Services, HKU,
Hong Kong). The expression levels were normalized to total protein
concentrations.

2.5. Haematoxylin and eosin (H & E) staining

Both small pieces of subcutaneous and visceral adipose tissues were
fixed immediately after dissection and embedded in paraffin. Samples
were dewaxed with xylene and rehydrated with ethanol prior to H & E
staining. Images were visualised using a light microscope (Nikon
eclipse, Nikon, Melville, NY, USA) and photomicrographs were taken of

each slide using SPOT RT3 colour camera (Diagnostic Instruments,
Sterling Heights, USA). Photomicrographs were taken at 20 X magni-
fication, and the results expressed as cells/mm?. Number of adipocytes
within the analysed area was quantified by the open source software
Adiposoft (ImageJ, NIH, Bethesda, MD) [13].

2.6. Immunohistochemical (IHC) staining

After fixing with paraformaldehyde, both subcutaneous and visceral
adipose tissue were used for IHC staining with anti-mouse F4/80 anti-
body (Santa Cruz, USA) to detect the total macrophages. Images were
taken by SPOT RT3 colour camera (Diagnostic Instruments) connected
with microscope (Nikon eclipse) under 40 x magnification. The total
number of adipocytes per mm? analysed area was quantified by
Adiposoft (ImageJ) as above. The F4/80 density was obtained by
counting the total number of F4/80-positive cells in the same whole
analysed area as for adipocytes on each section, and was expressed as
percentage of F4/80 positive cells over total number of adipocytes.

2.7. Statistical analysis

Data were presented as mean *+ SEM. One-way ANOVA test with
post hoc analysis (Tukey) was used to compare multiple groups.
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Fig. 3. Haematoxylin & Eosin staining on the sections of adipose tissues. Both SAT (A) and VAT (B) from Air (i, v), IH (ii, vi), HF (iii, vii) and HF + IH (vi, viii)
animals of 6N and 6J substrains were stained with haematoxylin and eosin to determine number of adipocytes. Representative images were obtained at X 20
magnification, scale bar represents 50 pum. Numbers of adipocytes increased after IH treatment for both substrains of mice, and was significantly reduced in HF group.

Values were expressed as mean + SEM (n = 8 for each group).
substrain.

Student's t-test was also applied for variables measured at a single time
point where appropriate. All the statistical analyses were performed
using GraphPad Prism 5.0 (GraphPad Software Inc, San Diego, CA,
USA). Significance was achieved if p value < 0.05.

3. Results
3.1. Metabolic characteristics of experimental groups

The body weight gain and food consumption was comparable in
lean mice from both substrains with or without IH treatment. Mice fed
with HF diet exhibited obesity with a significant increase in body
weight and fat mass gain. Overall, there was less body weight gain in
obese mice from 6J substrain than those from 6N substrain. Serum le-
vels of total cholesterol, HDL cholesterol (HDL-C), LDL cholesterol
(LDL-C) and triglyceride (TG) significantly elevated in obese mice
compared to lean mice from both substrains. IH exposure caused sig-
nificant reduction in serum levels of total cholesterol, HDL-C and LDL-C
in lean 6J mice but not in lean 6N mice. In obese mice, IH lowered
obesity-induced serum total cholesterol level in 6J substrain but raised
further in 6N substrain (Table 1).

3.2. Serum free fatty acid (FFA), malondialdehyde (MDA), adiponectin
and leptin levels

In lean mice, IH exposure caused significant elevation in serum le-
vels of FFA and MDA in 6J sub-strain but not in 6N substrain (Fig. 2A
and B). In diet-induced obese mice, there were significant elevation in
serum levels of FFA, MDA and leptin from both 6N and 6J substrains
(Fig. 2A, B, 2D), and significant suppression in serum level of adipo-
nectin (adjusted by body weight) in 6J substrain but not reaching sig-
nificance in 6N sub-strain (Fig. 2C). IH exposure caused no effect in

#AH#

**¥%p < 0.001 compared to relative Air group. p < 0.001 compared to relative group of 6N

diet-induced obese mice of both 6N and 6J substrains.
3.3. Morphological changes of adipocytes in adipose tissues

Adipocytes number within subcutaneous adipose tissue (SAT) and
visceral adipose tissue (VAT) significantly dropped in diet-induced
obese mice of both 6N and 6J substrains, in consistent with the ex-
pansion of SAT and VAT as a hallmark of obesity. IH exposure caused
significant increase in number of adipocytes in SAT and VAT in lean
mice but not in diet-induced obese mice of both 6N and 6J substrains.
In SAT, there was significant lower number of adipocytes in lean 6J
than in lean 6N mice, and vice versa in VAT (Fig. 3).

3.4. Macrophages accumulation in adipose tissues

The accumulation of macrophages in SAT and VAT was identified as
brown colour by F4/80 IHC staining. The lean 6J mice had less F4/80
stained positive cells in SAT and VAT compared to lean 6N mice, in-
dicating lower basal inflammatory level in adipose tissue. IH exposure
caused significant elevation of number in F4/80 stained positive cells in
SAT of lean 6J mice and in VAT of both 6N and 6J substrains. Diet-
induced obesity also caused significant increase in F4/80 stained po-
sitive cells in SAT and VAT of both 6N and 6J substrains, in which IH
exposure had no effect (Fig. 4).

3.5. Adiponectin, MCP-1 and IL-6 levels in adipose tissues

The basal levels of adiponectin and inflammatory cytokines such as
MCP-1 and IL-6 in SAT of lean 6J mice were significantly lower than in
SAT of lean 6N mice (Fig. 5A, B and 5C). In agreement with the mor-
phological changes of adipocytes, diet-induced obesity caused sig-
nificant elevation of adiponectin and MCP-1 levels in SAT and VAT of
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Fig. 4. Immunohistochemical staining on the sections of adipose tissues. Both SAT (A) and VAT (B) from animals of 6N and 6J substrains were stained with F4,/80
(red arrows) to determine total macrophages. Representative images were obtained at x 40 magnification, scale bar represents 50 um. Macrophages are stained
brown. For lean animals, F4/80 expressing cells were small and rarely seen in both SAT and VAT; IH induced macrophages aggregation were observed (ii, vi), while
6J mice have rather less number of total macrophages than 6N mice in Air group (i, v). The fraction of F4/80 expressing cells was much greater in obese mice (iii, iv,
vii, viii). Quantification of macrophage infiltration for different treatment was performed. The F4/80 positive cells percentage was expressed by counting the total

number of F4/80 positive cells in each section compared with the total number of adipocytes. Values were expressed as mean + SEM (n =

*p < 0.05, **p < 0.01, ***p < 0.001 compared to relative Air group. **#p

8 for each group),

< 0.001 compared to relative group of 6N substrain. (For interpretation of the

references to colour in this figure legend, the reader is referred to the Web version of this article.)

both 6N and 6J substrains (Fig. 5A, B, 5D and 5E). In lean mice, IH
exposure caused significant elevation of MCP-1 and IL-6 levels in SAT
and VAT of 6J mice only, indicating inflammatory status (Fig. 5B, C, 5SE
and 5F). IH had no effects on any of the parameters in obese mice of
either sub-strains.

4. Discussion

To the best of our knowledge, this was the first time that the 6J
substrain from Jackson Laboratories and 6N substrain from Charles
River for IH exposure were used in the same study for comparison. The
main finding of our study was that the genetic difference between 6N
and 6J substrains had direct impact on IH treatment.

Both 6N and 6J substrains gained body weight significantly and
exhibited obesity after fed with HF diet, but 6J mice experienced less
body weight and fat mass gain than 6N mice. Adipocyte hypertrophy
was observed in both SAT and VAT of diet-induced obese mice of both
6N and 6J substrains. In general, the adipocyte size of SAT and VAT was
larger in 6N mice than in 6J mice reflecting on the level of adiponectin,
in agreement with the previous report [14]. VAT had greater adipocyte
size than SAT in both substrains of diet-induced obese mice, indicating
expansion of SAT and VAT, a hallmark of obesity.

In lean mice of 6N and 6J substrains, IH exposure led to significant
adipocyte hyperplasia in SAT and VAT. The adipocyte size of SAT is
larger in 6J mice than in 6N mice, and vice versa in VAT. Adipose tissue
grows by two mechanisms: hyperplasia (increase in cell number) and
hypertrophy (increase in cell size). Hyperplasia represents a healthy
expansion of the adipose tissue while adipocyte hypertrophy leads to
lipid-loaded, dysfunctional adipocytes that mediate inflammation [15].

Consistent to the morphological changes of adipocytes in SAT from lean
6J mice, the basal SAT levels of pro-inflammatory cytokines MCP-1 and
IL-6 were found to be significant lower than the levels in lean 6N mice,
suggesting the presence of lower inflammatory status. The 6J substrain
displayed more sensitive to IH than 6N substrain with significant ele-
vation of inflammatory cytokines MCP-1 and IL-6 levels in both SAT
and VAT.

It is well recognized that obesity increases morbidity and mortality
significantly. Obesity is a strong risk factor for many cardiometabolic
disorders as well as OSA [16,17]. Whether and how IH alters metabo-
lism and interacts with adipokines remains unclear. Previous animal
studies suggest that IH exacerbated pre-existing insulin resistance and
glucose intolerance in diet-induced obese mice, but no dramatic impact
on lean mice was observed [18]. In this study, for 6N and 6J substrains,
diet-induced obesity caused oxidative stress as indicated by the eleva-
tion of serum MDA level. Furthermore, our immunohistochemical de-
tection of the macrophage-specific antigen F4/80 suggested that obesity
was clearly associated with adipose tissue macrophage (ATM) accu-
mulation, which is consistent with previous studies [19,20]. In agree-
ment with the lower basal level of inflammation in SAT from lean 6J
mice, we also found less F4/80 stained positive cells in lean 6J mice
than in 6N mice. However, metabolic dysfunction has been reported
previously when diet-induced obese mice were exposed to IH [18]. It is
unclear why IH effect is observed only in lean 6J mice, but not in diet-
induced obese 6J mice in this study. This may be due to the differences
in frequencies, magnitudes and durations of IH regimens. Oxidative
stress and the release of pro-inflammatory cytokines and adipokines are
closely associated with IH, while the impact is proportionally associated
with the severity of IH as well as the type of mice substrain.
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Fig. 5. SAT and VAT inflammatory markers. In SAT, the basal level (Air group) of adiponectin (A) and inflammatory cytokines (B, C) is lower in 6J mice than in 6N
mice. HF increased adiponectin (A) level and pro-inflammatory cytokine MCP-1 (B) protein level significantly in mice of both substrains, while significant increase of
IL-6 (C) level only observed in 6J mice; IH led to upregulation of inflammatory cytokines (B, C) in lean 6J mice. Similarly, in VAT, HF increased adiponectin (D) and
MCP-1 (E) protein level significantly in both substrains of mice; In lean mice, after IH treatment, inflammatory cytokines (E, F) showed a trend of increase in 6N mice

+

and attained significance in 6J mice. Values were expressed as mean
Air group; *p < 0.05 compared to relative group of 6N substrain.

The current findings on serum lipid levels are also in contrary to one
previous study using 6J mice [21], in which high-frequency IH (60
cycles/h) was found to increase in fasting serum total cholesterol, HDL
cholesterol (HDL-C) and TG levels compared with mice exposed to air;
whereas changes in fasting levels of LDL cholesterol (LDL-C) and free
fatty acids (FFAs) did not reach statistical significance. In this study, we
did not observe IH-induced hyperlipidemia but found significant re-
duction in fasting serum total cholesterol, HDL-C and LDL-C and ele-
vation of fasting serum FFAs in lean 6J mice only. The exhibition of
opposite responses could be explained by the differences in frequencies,
magnitudes and durations of IH regimens. To date, less is known about
phenotypic differences between inbred sub-strains of mice that com-
prise only subtle genetic variability. The C57BL/6J mice strain supplied
by the Jackson Laboratory lacks NNT activity due to a Nnt gene mu-
tation. Therefore, the C57BL/6J mitochondria are unable to properly
metabolize exogenous peroxide, in which the NNT enzyme is a source
of NADPH in the mitochondrial matrix [22]. On the contrary, the
C57BL/6N mice do not harbour such mutation [23,24].

In agreement with the previous observations on the body weight
gain and increased levels of lipid markers in diet-induced obese mice
for both substrains, the differences in IH effects may link to a sponta-
neous loss-of-function mutation in Nnt which has been associated in
some studies with impaired glucose-stimulated insulin secretion (GSIS)
and glucose intolerance [23,25-27]. Our study also indicated that 6J
mice are more susceptible to IH exposure, yet this cannot be explained
by the impaired GSIS because the significance was found in lean 6J
mice only. More detailed investigation are needed to evaluate the me-
chanisms of the susceptibilities in IH-exposed models between 6N and
6J mice, through which we can further explore the exact relationship
between IH and obesity. In fact, there is evidence to suggest that pa-
thological responses of adipose tissue to obesity and IH may be quite
similar [28]. IH has been reported to be a pro-inflammatory stimulus
[29]. Indeed, the cardioprotective effect of IH has been summarized by

SEM (n = 8 for each group).). *p < 0.05, **p < 0.01, ***p < 0.001 compared to relative

many research groups [30,31]. In this study, beneficial effect of short-
term exposure of IH30 for 7 days on blood lipid reduction was reported
in both lean and diet-induced obese 6J substrain mice, suggesting an
effective multipronged therapeutic approach for the treatment of sleep
apnea. These findings were clearly contradictory with those reported by
others [18,21,32], which might be due to the efficacy of IH that is
dependent upon five key variables [33]: (i) the intensity of hypoxia; (ii)
the duration of hypoxia; (iii) the number of cycles; (iv) the pattern of IH
presentation; and (v) the total protocol duration. In human subjects,
one recent study demonstrated intermittent normobaric hypoxia as a
potential non-pharmacological strategy for high altitude acclimatiza-
tion [34]. On the other hand, normbaric intermittent hypoxia over 8
months showed no effects on reduction of body weight and metabolic
risk factors [35].

There are several limitations in the present study. Firstly, the results
only represent the difference for 6N and 6J substrains. In fact, there are
major differences in phenotypes among mice strains. In respect to ge-
netic modifiers in C57BL/6J substrain, detailed investigations are
needed to identify and understand mechanisms underlying differences
in susceptibility to IH. Secondly, though the hypoxic regime of IH30
was taken to simulate that of moderate degree of OSA in humans, the
results demonstrated here in the animal model could not be directly
projected to the human scenario. In addition, the IH event lasted for one
week, which was rather short period of time. Future studies will be built
on a longer time points for better understanding the oxidative and in-
flammatory responses to IH.

In summary, our data reveal that genetic differences between 6N
and 6J mice may have direct impact on their metabolic and in-
flammatory responses. Diet-induced obesity seems to be more obvious
in 6N mice while 6J mice are more sensitive to IH. Given the ab-
normalities and the widespread use of C57BL/6J mice in biomedical
research, attention must be given to the design of experiments using
C57BL mice substrains (C57BL/6N and C57B/6J) which may determine
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their responses and lead to different results for the same experimental
interrogation.
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