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INTRODUCTION

bstructive sleep apnea causes repeated arousals

Melatonin prevents hyperglycemia
in a model of sleep apnea
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ABSTRACT

Obstructive sleep apnea is a common disorder associated with aging and obesity. Ap-
neas cause repeated arousals, intermittent hypoxia, and oxidative stress. Changes in glucolipidic
profile occur in apnea patients, independently of obesity. Animal models of sleep apnea induce
hyperglycemia. This study aims to evaluate the effect of the antioxidants melatonin and N-acetyl-
cysteine on glucose, triglyceride, and cholesterol levels in animals exposed to intermittent hypoxia.

Two groups of Balb/c mice were exposed to intermittent hypoxia (n = 36)
or sham intermittent hypoxia (n = 36) for 35 days. The intermittent hypoxia group underwent a total
of 480 cycles of 30 seconds reducing the inspired oxygen fraction from 21% to 7 = 1% followed by
30 seconds of normoxia, during 8 hours daily. Melatonin or N-acetylcysteine were injected intra-
peritonially daily from day 21 on. At day 35, glucose levels were significantly higher in the
intermittent hypoxia group than in the control group. The intermittent hypoxia groups receiving
N-acetylcysteine and vehicle showed higher glucose levels than the group receiving melatonin.The
lipid profile was not affected by intermittent hypoxia or antioxidant administration.

The present results suggest that melatonin prevents the well-recognized increase in glucose levels
that usually follows exposure to intermittent hypoxia. Further exploration of the role of melatonin
in sleep apnea is warranted. Arch Endocrinol Metab. 2015;59(1):66-70
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intermittent hypoxia in diabetes may be related to the
regulation of reactive oxygen species (13) and/or to

and intermittent hypoxia. Such events lead to
sympathetic hyperactivity, oxidative stress, and insulin
resistance (1). Investigation of obstructive sleep apnea
(OSA) has been recommended as part of the routine
care of individuals with diabetes (2,3) because OSA im-
pairs diabetes control, independently of confounding
factors such as obesity (4).

The repeated hypoxic episodes seen in OSA in-
crease oxidative stress (5), which may represent a link
between apneas and diabetes (6-8). Intermittent hy-
poxia, a model of OSA, induces acute insulin resistance
in healthy humans (9) and animals (10). Mice recei-
ving obesity-inducing diets showed a greater increase
of the HOMA index under intermittent hypoxia than
lean mice (11).

In hamsters subjected to four weeks of intermittent
hypoxia, melatonin prevented vascular damage result-
ing from the procedure (12). Melatonin-mediated
protection against impairment or damage caused by
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influences of melatonin on insulin secretion (14). The
antioxidant N-acetylcysteine, a precursor of L-cysteine,
is a scavenger of reactive oxygen species (15) with a po-
tential to influence on certain aspects of the diabetes
mechanisms (16,17).

To test the hypothesis that antioxidants have a role
in preventing the derangements of glucolipidic profile
caused by intermittent hypoxia, we conducted an ex-
perimental comparative study that evaluated the effect
of the antioxidants melatonin and N-acetylcysteine on
glucose, triglyceride, and cholesterol levels in mice sub-
jected to intermittent hypoxia during 35 days.

MATERIALS AND METHODS

Animals

At the institutional animal experimentation unit, two
month-old Balb/C male mice were fed commercial
standard chow (Purina-Nutripal, Brazil) and water

Arch Endocrinol Metab. 2015;59/1



ad libitum under the supervision of a veterinarian.
Mice were kept six each in cages measuring 30 x 19
x 13 cm, at an average room temperature of 22.4° +
0.6° C and controlled humidity, on a standard 12 /12-
hour light—dark cycle (lights on at 0700, lights out at
1900). This method was described previously (18,19).
All procedures were performed in accordance with the
Guide for the Care and Use of Laboratory Animals
(20) and were approved by the institutional animal

care committee, Hospital de Clinicas de Porto Alegre
(CEUA/HCPA #2009,/09-300).

Intermittent hypoxia system

The intermittent hypoxia procedure has been described
previously in adult male mice (18,19), a mixture of
90% N, and 10% CO, wasreleased into the cages over
a period of 30 seconds, gradually reducing the oxy-
gen fraction to 7 + 1% and increasing the CO, fraction
to approximately 5 + 1%; fans were then operated for
30 seconds so as to introduce room air into the cage.
Overall, 480 such cycles of hypoxia-normoxia occurred
per day. Thirty-six mice were allocated to the hypo-
xia procedure. The 36 control animals underwent the
same manipulation as the hypoxia animals, but room air
was insufflated into the cages instead of the aforemen-
tioned gas mixture. The groups were housed under the
hypoxia system 8 hours per day (lights on at 0900AM,
lights out at 0500PM).

Antioxidant administration

Once daily from day 21 to day 35, before 7:00 PM, all
animals received intraperitonially injections of either 1)
vehicle (n = 24), 2) melatonin (n = 24), or 3) N-acetyl-
cysteine (n = 24). Melatonin was administered at a dose
of 0.2 mg/kg diluted in 0.4 mL of 0.9% saline plus 0.1
mL of 1% ethanol (21). N-acetylcysteine was administered
at a dose of 10 mg/kg dissolved in 0.5 mL 0.9% saline.

Protocols

Groups of 12 mice were randomly allocated to six
different protocols: 1) sham hypoxia plus vehicle in-
jection; 2) sham hypoxia plus melatonin injection;
3) sham hypoxia plus N-acetylcysteine injection; 4)
intermittent hypoxia plus vehicle injection (hypoxia
plus vehicle); 5) intermittent hypoxia plus melatonin
injection (hypoxia plus melatonin); or 6) intermit-
tent hypoxia plus N-acetylcysteine injection (hypoxia
plus N-acetylcysteine). The protocols were designed
to obtain better data analysis, having greater control
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over the experiment. All animals were weighed at the
baseline, at the day 21 and 35 days (18,19) using a
digital scale with an accuracy of 0.01g (Marte, model
AS 5500C).

At day 35, after fasting for at least 8 hours, mice
were anesthetized with ketamine (100 mg/kg) and
xylazine (50 mg/kg). After anesthesia was con-
firmed, animals were euthanized (22) by the with-
drawal of approximately 1 mL of blood for biochem-
ical tests.

Biochemical analyses

Plasma glucose, triglyceride, and cholesterol levels were
determined by enzymatic colorimetric assays using com-
mercial kits according to manufacturer instructions.
(Roche Diagnostics, Mannheim, Germany: Glucose
(GOD-PAP method - Roche/Hitachi 912/917/
Modular: ACN 525), total cholesterol (CHOD-PAP
method — Hitachi Modular: P/D: ACN 433), and tri-
glycerides (GPO-PAP method — Hitachi 912/917/
Modular: ACN:781).

Statistical analyses

All statistical analyses were performed in the SPSS soft-
ware v.18 (SPSS, Chicago, IL). Data are presented as
mean + standard error of the mean in figures. One-way
analysis of variance (ANOVA) was used for comparison
of between-group differences, followed by Tukey’s b
test when necessary. Generalized estimating equations,
with Bonferroni’s post-hoc test, were used to analyze
the effects of time, the differences between groups and
the interaction between groups over time. Significance
of a finding was assumed if P < 0.05.

RESULTS

The body weight showed no difference between the
hypoxia and control experimental groups at day 1 (P
= 0.13; Figure 1). At day 21, before injection protocol
started, the average body weight of two groups under
intermittent hypoxia, vehicle and melatonin, was sig-
nificantly reduced (P < 0.05), as opposed to the three
control groups, which had experienced significant in-
creases in weight (P = 0.05). At day 35, after 14 days

of injections according to the protocol, animals in both :

the hypoxia and control groups had lost weight (P <
0.05).
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Figure 1.Body weight of mice in each group during the 35-day experimental
period, shown as mean =+ one standard error of the mean. The groups under
intermittent hypoxia, vehicle and melatonin exhibited weight loss in the first
21 days, while that receiving intraperitoneal injections of melatonin or
N-acetylcysteine weight loss in the next 14 days. The groups under sham
hypoxia exhibited weight gain in the first 21 days and weight loss in the next
14 days, while receiving intraperitoneal injections. SIH, sham intermittent
hypoxia. VEH: vehicle; MEL: melatonin; NAC: N-acetylcysteine; IH: in-
termittent hypoxia.
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At day 35, glucose levels were significantly dif-
ferent between the hypoxia and control groups (P <
0.05), being highest in the hypoxia plus vehicle and
hypoxia plus N-acetylcysteine groups as compared
with the remaining groups (P < 0.05; Figure 2A).
The average glucose level in the sham hypoxia plus
melatonin group was significantly lower than in the
remaining control groups combined (60 + 26 »s. 79
£ 19 mg/dL; P = 0.05). No significant differences
were seen among the six groups in terms of lipid levels
(Figure 2B, 2C, 2D).

DISCUSSION

The finding of fasting hyperglycemia occurring
in association with intermittent hypoxia is consis-
tent with previous reports (5,6). To the best of our
knowledge, this is the first report of melatonin hav-
ing a role in preventing intermittent hypoxia-related
hyperglycemia.
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Figure 2. Biochemical parameters, expressed as mean =+ one standard error of the mean, and statistical significance of differences among the six
experimental groups as quantified by one-way ANOVA. (A) blood glucose; (B) serum total cholesterol; (C) serum triglycerides; (D) serum HDL-cholesterol.
Different letters on top of the bars denote differences between the groups as evaluated by Tukey’s b test (P < 0.01). SIH: sham intermittent hypoxia; VEH:
vehicle; MEL: melatonin; NAC: N-acetylcysteine; IH: intermittent hypoxia; HDL: high-density lipoprotein; IH: intermittent hypoxia. Intermittent hypoxia black

bars and sham gray bars.
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The protection conferred by melatonin against
intermittent-hypoxia-triggered hyperglycemia in the
present study may be related either to its antioxidant
role (23) or to the influence of melatonin on the con-
trol of carbohydrate metabolism (13,14,24). The pos-
sibility, however, that the antioxidant properties of
melatonin are at play is overshadowed by the fact that
the other antioxidant, N-acetylcysteine, had no ef-
fect on glucose levels or body weight. Furthermore,
the glucose level in the control plus melatonin group
was lower than in the other control groups. The most
likely mechanism for the finding of normal glucose le-
vels in the hypoxia plus melatonin group is, therefore,
melatonin-mediated improvement of glucose homeo-
stasis (25-27).

Rats (14) and mice (15) lose weight under inter-
mittent hypoxia. The data reported herein reproduce
previous findings in that a significant reduction in body
weight was observed after 21 days of exposure to in-
termittent hypoxia. In these previous reports, the re-
duction in brown adipose tissue and UCP-1 mRNA
expression may suggest that the weight loss may be due
to impairment of energy-saving mechanisms mediated
by brown adipose tissue (28). The weight loss induced
by the injections from day 21 to day 35 was proba-
bly due to manipulation stress, since even the control
group, receiving vehicle injections, lost weight._

The discovery of an effect of melatonin on hypox-
ia-induced hyperglycemia serves as a basis for future
mechanistic studies. The present study, however, has
limitations. The elevated glucose levels in the hypoxia
plus vehicle and hypoxia plus N-acetyscisteine groups
were sustained after 8 hours or more of fasting. Al-
though prolonged fasting is almost certainly stressful
for the mice, the metabolic overload sustained by the
animals was similar in all groups. Additionally, longer
fasting time would allow a longer time for the glucose
level to lower. Therefore, this systematic cause of error
would be conservative, tending to eliminate the differ-
ences.

Also, our study was designed to explore glucose
and lipid levels, but no changes were seen in the lipid
profile. The induction of hyperlipidemia by intermit-
tent hypoxia occurs under severe hypoxia (5% nadir of
inspired O,) but not under moderate hypoxia (10%)
(29). The finding of similar cholesterol and triglyceride
levels in all groups in the present study can be explained
by the nadir of inspired O, of 7% selected for this study
being insufficient to induce hyperlipidemia. The initial
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objective of assessing lipid levels consumed most of the
small volume of blood withdrawn from each mouse,
preventing investigation of oxidative stress and insulin
resistance. The absence of an effect of N-acetylcyste-
ine limited interpretation of the effects of melatonin
on glycemia. Further research is necessary to elucidate
the mechanisms whereby hyperglycemia prevention
was elicited only by melatonin. To explore the com-
plex system of glycemic control, one must gauge, at the
very least, insulin, norepinephrine, and glucagon levels;
if available, these measurements would have furthered
our knowledge of the mechanisms underlying the hy-
perglycemia observed in the present study. Since lipids
were not affected in this model, future efforts should
tfocus on explaining the effects of melatonin on glyce-
mic control under intermittent hypoxia.

In summary, these findings suggest that exposure
to intermittent hypoxia, simulating sleep apnea, for 35
days promotes high plasma glucose levels, which were
not prevented by N-acetylcysteine. In mice receiving
melatonin, normal glucose levels were observed under
intermittent hypoxia. Whether the effect of melatonin
is due to a direct action on glycemic control or to in-
fluences on oxidative stress has yet to be elucidated.
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