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Abstract

Background: Intermittent hypoxia (IH), a model of sleep apnea, produces weight loss in animals. We hypothesized
that changes in brown adipose tissue (BAT) function are involved in such phenomenon. We investigated the effect
of IH, during 35 days, on body weight, brown adipose tissue wet weight (BATww) and total protein concentration
(TPC) of BAT.

Methods: We exposed Balb/c mice to 35 days of IH (n = 12) or sham intermittent hypoxia (SIH; n = 12), alternating
30 seconds of progressive hypoxia to a nadir of 6%, followed by 30 seconds of normoxia. During 8 hours, the rodents

underwent a total of 480 cycles of hypoxia/reoxygenation, equivalent to an apnea index of 60/hour. BAT was
dissected and weighed while wet. Protein was measured using the Lowry protein assay.

Results: Body weight was significantly reduced in animals exposed to IH, at day 35, from 244 + 3310 202 + 22 g
(p = 0.0004), while in the SIH group it increased from 23.3 + 381 to 24.1 + 2.96 g (p = 0.23). BATww was also
lower in IH than in SIH group (p = 0.00003). TPC of BAT, however, was similar in IH (2044 + 44.3 ug/100 yL) and
SIH groups (213.2 + 787 pg/100 uL; p = 0.74) and correlated neither with body weight nor with BATww. TPC
appeared to be unaffected by exposure to IH also in multivariate analysis, adjusting for body weight and BATww.
The correlation between body weight and BATww is significant (rho= 0.63) for the whole sample. When IH and SIH
groups are tested separately, the correlations are no longer significant (rho= 048 and 0.05, respectively).

Conclusion: IH during 35 days in a mice model of sleep apnea causes weight loss, BATww reduction, and no
change in TPC of BATww. The mechanisms of weight loss under IH demands further investigation.

Background

Obstructive sleep apnea (OSA) [1,2], is characterized by
recurrent episodes of partial or total pharyngeal obstruc-
tion [3] during sleep, leading to asphyxia. The clinical
consequences of OSA emerge from the intermittent
hypoxia (IH) and from sleep fragmentation. Overweight
is observed in the majority of patients with OSA. The
mechanisms of the association between OSA and obesity
are still unclear. Excessive fat deposits may participate in
OSA as a predisposing factor, as a consequence, or as
both [4].
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Brown adipose tissue (BAT) function may be involved
in obesity [5]. BAT produces heat through the action of
uncoupling protein 1 (UCP1) [6]. During exposure to
cold, UCP1 is physiologically regulated by catechola-
mines, thyroid hormones, and leptin [7,8]. BAT function
can be stimulated by hypoxia [9]. Contrary to previous
concepts [10], BAT is active in 2.5% [11] to 45% [12] of
adult humans. BAT activity may need stimulation by
cold to be detected [13,14].

Exposure to IH is a model of OSA [15]. Previous
reports demonstrated weight loss during exposure to
constant hypoxia [16]. Our group reported [17] signifi-
cant reduction in body weight and in brown adipose tis-
sue wet weight (BATww) in rats subjected to IH for 21
days. OSA patients usually display weight gain [18].
Therefore, the weight loss seen in rodents may represent
evidence that obesity is more a predisposing factor than
a consequence of OSA.
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Because of the effects of hypoxia in several of the
mechanisms controlling BAT function, such as, sympa-
thetic function, leptin secretion, thyroid function, we
hypothesized that IH can influence the total protein
concentration (TPC) in BAT, a surrogate of BAT func-
tion. In the present study, we analyzed, in Balb/c mice,
the effect of IH during 35 days on body weight, on
BATww, and on TPC.

Methods

Two-month-old male Balb/c mice, from the FEPPS
http://www.fepps.rs.gov.br/, Porto Alegre, Brazil, were
separated in two groups: 12 mice submitted to 35 days of
IH and 12 control mice, submitted to 35 days of sham
intermittent hypoxia (SIH). Both groups were housed
under temperatures ranging between 22.5 - 24.5°C and
received ad libitum standard mice chow (Purina-Nutri-
pal, Porto Alegre, RS, Brazil) and water. The protocol
was approved by the institutional Ethics Committee and
followed the “Guide for the Care and Use of Laboratory
Animals” [19]. The mice were weighed at the baseline,
21, and 35 days in a scale with precision of 0.01 g (Marte,
model AS 5500C).

IH procedures were described in detail before. In brief,
during five weeks, 7 days per week, 8 hours a day, from
9 a.m. to 5 p.m., in the lights on period, the animals
were placed in the IH system (Figure 1). A mixture with
92% nitrogen and 8% CO, was released in the hypoxia
chamber, for 30 seconds. The gas mixture reduced the
oxygen fraction from 21% to approximately 7 + 1% and
increased the CO, fraction to approximately 5 + 1%.
Subsequently, a fan insufflated room air into the cham-
ber for 30 seconds, restoring the oxygen fraction to
21%. Each hypoxia/normoxia cycle lasted for 60 seconds;
in 8 hours, 480 IH periods occurred, equivalent to an
apnea index of 60 per hour. The SIH group remained in
an adjacent cage and underwent the same fan activity as
the IH group, but no gas mixture entered the cage in
the hypoxia cycle. Gas insufflation and fan activity
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Figure 1 Diagram of the hypoxic and normoxic chambers.
Solenoid valve (SV).
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reduced temperature in the hypoxic cage by 0.2 + 0.3°C,
as compared to the normoxic cage that reduced 0.1 +
0.2°C. Temperature was measured by fast-response ther-
mocouple, averaged from three cage locations. Wind
chill effect was minimized by deflectors under the fans.

Extraction of brown adipose tissue

After 35 days, the animals were anesthetized with keta-
mine (100 mg/kg) and xylazine (10 mg/kg) intraperito-
neally. After deep anesthesia was confirmed, the
interscapular BAT was extracted with fine-tipped
straight surgical scissors and with anatomical tweezers.
BAT was weighed while wet in a digital scale with preci-
sion of 0.0001 g (Bel Engineering, Italy) placed in micro-
tubes, frozen in liquid nitrogen, and stored at -80°C
until the moment of analysis. After tissue removal, the
animals were euthanized by exsanguination under
anesthesia.

Protein determination

The BAT was homogenized and total protein concentra-
tion was determined by the Lowry method [20], using as
standard a solution of bovine albumin 1 mg/mL. The
volumes of the solution used in the calculations were
50, 100 and 150 pL, being represented in a concentra-
tion curve. An aliquot of the homogenized BAT (20 pL)
was mixed in 780 pL of distilled water and 2.0 mL of
reagent C which was prepared with 50 mL of NaHCO3
added with 0.5 mL of reagent B1 (CuSO4. H20 1%) and
0.5 mL of reagent B2 (sodium tartrate and potassium
2%). After 10 minutes of the addition of reagent C, 0.2
mL of Folin-Ciocalteau reagent, diluted in a proportion
of 1:3, was added in distilled water. After 30 minutes, a
bluish color was observed and then TPC was measured
in a spectrophotometer at 625 nm. The TPC measure-
ment from one mouse in IH group is unavailable
because the microtube was lost.

Table 1 Mean and standard deviations of body weight in
the two experimental groups

Sham IH IH(n=12) P between
(n=12) groups
Body weight at day 233 £ 381 244 + 333% 046
1(9)
Body weight at day 258 £370 210+ 1.71% 0.0004
21 (g)
Body weight at day 241 +296 202+ 220 0.001
35 (g)
P within groups 0.23 0.0004 -

IH: Intermittent hypoxia. * P = 0.0042 comparing with body weight at day 21
and P = 0.0004 comparing with body weight at day 35. ** P = 0.307
comparing with body weight at day 35. Significant P values are in bold type.
Body weight compared by repeated measures ANOVA and by independent
samples Student’s t-test.
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Table 2 Means and standard deviations of data obtained
at day 35 in both experimental groups

Sham IH IH(n=12) P Value
(n=12)
Body weight at day 24.1 £ 296 202 £22 0.001
35 (9)
BATww (g) 0.0372 £ 0002 0.0318 £ 0.003 0.00003

TPC (ug/100 pL)* 2132+ 787 2044 + 443% 074

IH: Intermittent hypoxia; BATww: Brown adipose tissue wet weight; TPC: Total
protein concentration; *n= 11. Significant P values are in bold type.

Statistical Analysis

The results were expressed as mean value and standard
deviation. We used SPSS v16 for all statistical analysis
(SPSS Chicago, IL). To compare the studied means and
variables between two groups we used the Student’s
t-test for independent samples between two groups, and
for more than two groups was used analysis of variance
(ANOVA). The significance level for alpha error was
p < 0.05. Associations of body weight at day 35 with
BATww and TPC levels were examined using Spear-
man’s rank-order correlation coefficients due to the
small sample size and the presence of outliers. To adjust
correlations for confounders, we utilized linear regres-
sion to predict BATww using as regressors: exposure to
IH, body weight at day 35, and TPC.

Results
Data obtained in IH and SIH groups are shown in Table
1 and Table 2. We observed no significant change in
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body weight in the SIH group whereas in the IH group
a significant body weight loss was detected at day 21
and was further intensified at day 35, but non-signifi-
cantly (p = 0.307). The correlation coefficients of TPC
levels against body weight at day 35 and BATww were
non-significant.

Significant relationship was observed between body
weight at day 35 and BATww for the whole group.
Splitting the IH and SIH groups, no significant correla-
tion is seen (Figure 2).

The linear regression model, using BATww as the
dependent variable is displayed in Table 3. Exposure to
IH was the only variable that remained significant in the
model. Partial correlations indicate that exposure to IH
was the factor contributing most to the model, followed
by TPC and body weight at day 35. Adjusted r square
denotes that 61% of the variance in BATww is explained
by the three variables.

Discussion

The results of the present study indicate that 60 cycles
of IH per hour, 8 hours a day, during 35 days cause
reduction in body weight and in BATww, but no change
in TPC of Balb/c mice. This confirms our previous find-
ings in a rat model of OSA during 21 days [17]. The
weight changes are negligible after 21 days.

Body weight at day 35 and BATww are positively cor-
related. In multivariate analysis, however, the correlation
is explained only by exposure to IH, suggesting that IH
has direct effect on BATww and that body weight loss is
less influent as cause of BATww reduction.
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Figure 2 Scatterplot of brown adipose tissue wet weight by body weight at day 35.

rho= 0.63: p= 0.01

_____ rho=0.06: p= 0.88

rtho= 0.48; p=0.12

Total
~ Sham IH

— H
O |H group

® Sham IH group

T T T

25.0 27.5 30.0




Martinez et al. Lipids in Health and Disease 2010, 9:121 Page 4 of 5
http://www.lipidworld.com/content/9/1/121
Table 3 Results from linear regression model to predict brown adipose tissue wet weight
Unstandardized Coefficients Standardized Coefficient
Dependent variable Regressors B Standard error Beta Partial r P value
BATww (g)
Intercept 0.027179 0.00648 - - 0.0004
IH (exposed, 1) -0.00419 0.00151 -0.57 -0.54 0.012
TPC (ug/100 pL) 0.000016 0.00002 026 041 0.067
Body weight at day 35 (g) 0.000278 0.00027 023 0.25 02727

Adjusted R? = 061

IH: Intermittent hypoxia; BATww: Brown adipose tissue wet weight; TPC: Total protein concentration. Significant P value is in bold type.

Our finding that weight loss plateaus at 21 days
prompts future research comparing BATww at shorter
durations of exposure to IH, for instance, one or two
weeks. The significant relationship observed between
body weight at day 35 and BATww for the whole group
could mean that the white and brown fat are simply
parts of the total fat deposit which increase and decrease
in tandem (Figure 2). The fact, however, that when split-
ting the IH and SIH groups, a much lower correlation is
seen for the SIH group suggest that IH has a direct
effect on BATww, supported by the multivariate analysis
(Table 3).

BAT activation occurs at room temperatures between
4 - 16°C [9,13,21-23]. In our study, temperature exhib-
ited trivial differences between IH (22.9 + 2.5°C) and
SIH cages (23.2 + 2.1°C). It is, therefore, improbable
that procedure-induced temperature changes could
influence BAT behavior.

In conclusion, animals submitted to IH present weight
loss and reduction of BATww. We were unable to
demonstrate indirect effect of IH on thermogenic activ-
ity measuring protein concentration in BAT as surrogate
of UCP1 function. Twenty-one days are sufficient to
provoke weight loss in IH models. Understanding of the
mechanisms of weight loss under IH requires further
investigations.
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