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Abstract

In patients with sleep disordered breathing, intermittent hypoxia causes increased oxidative stress, accelerates

atherosclerosis and pulmonary hypertension, resulting in life threatening arrhythmia and congestive heart failure.

Hypoxic stress caused by intermittent hypoxia might be involved in the pathophysiology of many cardiovascular

diseases. A better understanding of these mechanisms may enable the development of novel and effective therapeutic

strategies against cardiovascular diseases.
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Fig.3. A: Intermittent hypoxic exposure system.
Solenoid valve (SV)-N was opened to flush N2 (500 1/
min) into the chamber to reduce O2 level. After SV-N
was closed, SV-A was opened to flush compressed air.
Valves were regulated via a personal computer with
custom-made software. B: Oz level in the chamber
during each period. Oz was reduced to 4.5-5.5% for 30
s and then returned to 21% in the following 30 s.
Hatched bars indicate that SV-N or SV-A is open.
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Fig. 5. A: Effect of intermittent hypoxic stress on
NADPH-dependent superoxide production in
homogenates from LV tissues of wild-type and gp91™”
mice. B: Plasma lipid peroxide (LPO) levels in wild-
type and gp 91" mice exposed to normoxia or
intermittent hypoxia. C: Percent area of 4-hydroxy-2-
nonenal (4-HNE) protein in LV myocardium from
wild-type and gp 91" mice exposed to normoxia or
intermittent hypoxia. Values are means =* SE of
number of animals in parentheses. RLU, relative light
units.

Fig. 6. Representative examples of thoracic aortas (en
face dissection) stained with oil red O (A-D) and
labeled with dihydroethidium (DHE) (E-H).
Intermittent hypoxia increases atherosclerotic lesions
(C) and superoxide production (G) in the thoracic
aorta. Treatment with ezetimibe suppresses
atherosclerosis and superoxide production in mice
exposed to intermittent hypoxia as well as in normoxic
mice (B, D, F and H).

Fig. 7. NADPH-dependent superoxide production (A)
and expression of TNF-a mRNA (B) in the LV
myocardium by RT-PCR.

Columns and bars represent the mean + S.EM. "P <
0.01 vs. normoxic mice fed AL, *P < 0.01 vs.
normoxic RD mice, TP <0.01 vs. normoxic RD mice
treated with acarbose (a-GI). NADPH: reduced form of
nicotinamide adenine dinucleotide phosphate, TNF:
tumor necrosis factor, mRNA: messenger ribonucleic
acid, LV: left ventricular, RT- PCR: reverse
transcription polymerase chain reaction, AL: ad
libitum, RD: restricted diet, a-GI: alpha-glucosidase
inhibitor.

Fig. 8. Plasma lipoproteins analyzed using high-
performance liquid chromatography. Intermittent
hypoxia (Hypoxia) elevated low- and very low-density
lipoproteins (LDL and VLDL, respectively) of plasma
cholesterol in mice (L]). Inhalation of Hz gas
throughout the experiment (&) significantly
suppressed the increases in LDL and VLDL. Marks
and bars represent means * SE. P <0.01 vs.
normoxia (H); “P < 0.05 and *P < 0.01 vs. hypoxia.
Fig. 9. Electron micrographs of the LV myocardium. A
normal Syrian hamster (A). Mt, mitochondria; N,
nucleus. Mild myofiber disarray and variation of
mitochondrial sizes are observed in CM hamster
maintained under normoxic conditions (B).
Intermittent hypoxia (IH) has increased myofibrillar
lysis and Mt degeneration in a CM hamster (C). Partial
dissociation (square) of intercalated disc (ID) (D) and
Z-line (Z) streaming (square) (E) were often observed
in the CM hypoxia group.

All the changes seen in CM hamsters due to IH were
suppressed by inhaling hydrogen gas (F). Scale bar, 1
um.

Fig. 10. Representative light micrographs,
cardiomyocyte cross-sectional area, and collagen
content (% Fibrosis) in the LV myocardium of
cardiomyopathic (CM) hamsters. Intermittent hypoxia
caused cardiac hypertrophy (G), cardiomyocyte
degeneration (H), and increased perivascular fibrosis
(I). These abnormalities were suppressed by inhalation
of hydrogen gas (J-L). Intermittent hypoxia

significantly increased the cardiomyocyte cross-
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sectional area and interstitial fibrosis, whereas inhaling
hydrogen gas (H2) significantly suppressed these
changes. Values are shown as means = SE (n = 5-16).
Fig. 11. Effect of hypoxia on heart and the muscular
arteries in lung. (a) Representative light micrographs of
cross-sectional area (haematoxylin and eosin stain, x4).
Hypertrophy of biventricular myocardium is prominent
in SU-hypoxia rats on Day 84. (b) Each heart was
excised and the Fulton index was calculated (right
ventricular weight/septal weight + left ventricular
weight). Data are shown as the mean and standard
error of the mean (SEM) of the number of animals in
parentheses. P <0. 05, vs. Normoxia. (¢)
Representative light micrographs of the muscular
artery on Day 14. The medial wall thickness in the
muscular arteries was significantly increased in the
V-hypoxia group, as well as in the SU-hypoxia group.
Scale bar indicates 50 um. “P < 0.05, vs. Normoxia.
V-hypoxia, group treated with carboxymethyl cellulose
under hypoxia; SU-hypoxia, group treated with
Sugen 5416 under hypoxia; V, V-hypoxia; SU, SU-
hypoxia.

Fig. 12. Representative electron micrographs of the
right ventricular myocardium and quantification of
capillary. Scale bar indicates 1 um. In the V-hypoxia
group, myocardial cells and a capillary (a) show

normal configuration on Day 3. A small artery with

normal endothelial cells and smooth muscle cells (b)
are observed in the V-hypoxia group. In the SU-
hypoxia group, however, occlusive capillary (¢), And
endothelial cell degeneration (arrows) with
hypertrophied smooth muscle cells (d) are observed on
Day 3. (e) Quantitative measurement of capillary
occlusion on Day 14. The percentage of capillary
occlusion (%-Occlusion) was significantly increased in
both hypoxic rats, which was significantly exacerbated
in the SU-hypoxia group. Data are shown as the mean
and standard error of the mean (SEM) of the number of
animals in parentheses. P < 0.05, vs. Normoxia.
(f) The circularity index was calculated from the
formula 4marea/perimeter’, and perfect circle is 1.0. In
both hypoxic rats, circularity index was significant
decreased, meaning irregular form of capillaries,
although there was no significant difference between
V-hypoxia and SU-hypoxia group on Day 14. P <
0.05, vs. Normoxia. V-hypoxia, group treated with
carboxymethyl cellulose under hypoxia; SU-hypoxia,
group treated with Sugen 5416 under hypoxia; Mt,
mitochondria; Mf, myofibrils; Cap, capillary; Ed,
endothelial cell; Sm, smooth muscle cell.
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