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Abstract

This study investigated the effects of mild calorie restriction (5%) on body weight, body composition,
energy expenditure, feeding behavior, and locomotor activity in female C57BL/6J mice. Mice were
subjected to a 5% reduction of food intake relative to baseline intake of ad libitum mice for 3 or 4
weeks. In experiment 1, body weight was monitored weekly and body composition (fat and lean
mass) was determined at weeks 0, 2, and 4 by dual-energy X-ray absorptiometry. In experiment 2,
body weight was measured every 3 days and body composition was determined by quantitative
magnetic resonance weekly, and energy expenditure, feeding behavior, and locomotor activity were
determined over 3 weeks in a metabolic chamber. At the end of both experiments, CR mice had
greater fat mass (P < 0.01) and less lean mass (P < 0.01) compared with AL mice. Total energy
expenditure (P < 0.05) and resting energy expenditure (P < 0.05) were significantly decreased in CR
mice compared with AL mice over 3 weeks. CR mice ate significantly more food than AL mice
immediately following daily food provisioning at 1600 hrs (P < 0.01). These findings showed that
mild CR caused increased fat mass, decreased lean mass and energy expenditure, and altered feeding
behavior in female C57BL/6J mice. Locomotor activity or BAT thermogenic capacity did not appear
to contribute to the decrease in energy expenditure. The increase in fat mass and decrease in lean
mass may be a stress response to the uncertainty of food availability.
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INTRODUCTION

Calorie restriction (CR) is the most reproducible experimental paradigm known to slow aging
and increase lifespan in a wide range of animal species, including mice and rats (1). Aside from
slowing the intrinsic rate of aging, CR provides many health benefits. It delays or prevents
many age-related diseases like cardiovascular disease and cancers (2).

CR is widely used in animal studies to investigate systems involved in energy regulation.
Traditionally, experimental mammalian models of CR have restricted calorie intake from 30—
60% (3). In response to moderate or severe energy restriction, CR animals experience a
complex physiological and behavioral response via alteration of body weight, body
composition, energy expenditure, and locomotor activity. CR causes an alteration of body

"Corresponding Author: Tim R. Nagy, PhD, tnagy@uab.edu, Phone: 205-934-4088, Fax: 205-934-7049.
US Mail Address: 419 Webb Bldg., 1530 3rd Avenue South, Birmingham, AL 35294-3360

Courier Address: 419 Webb Bldg., 1675 University Blvd., Birmingham, AL 35294

DISCLOSURE

The authors declared no conflict of interest.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Lietal.

Page 2

composition by significantly decreasing body weight, body fat mass, and/or fat-free mass in
humans and rodents (4-6). It has been suggested that the anti-aging phenotype may be linked
to changes in body composition after CR, particularly the reduction of fat mass (7). CR leads
to changes in energy expenditure by altering resting metabolic rate (RMR), physical activity,
and the thermogenic effect of food. Further, the reduction in energy expenditure is likely to
occur only during the period of negative energy balance, and there will be no relative difference
after energy balance is reestablished after weight loss (8). In contrast, the metabolic rate in CR
rats is higher than predicted from their altered body composition (9). A debate concerning the
effects of CR on energy expenditure partly results from the normalization of body composition,
which adds a new question of how to explain the contribution of energy expenditure to the
aging phenomena.

Thyroid hormones modulate metabolism and thermogenesis, and are particularly important
during CR (10,11). Serum T3 and T4 are reduced in calorie restricted-animals for the
conservation of energy (10,11). However, decreased serum T3 was only observed during the
weight loss period in humans (8). Uncoupling protein 1 (UCP1), a unique protein located in
the inner membrane of mitochondria, allows protons to leak across the inner mitochondrial
membrane, reducing ATP production and producing heat (12). It has previously been shown
that UCP1 plays an important function in BAT adaptive thermogenesis, and is regulated by
serum T3 (12). Moreover, the sympathetic nervous system plays a pivotal role in the regulation
of expression and activity of UCP1 by the release of norepinephrine (12).

Besides the alteration of body composition and energy expenditure, CR can induce behavioral
adaptations in locomotor activity and feeding behavior in humans, mice, and rats (13-15). Such
behavioral responses include a reduction in spontaneous activity and a lowered body
temperature, or alternatively an increase in foraging type hyperactivity (6,15). However, the
effects of CR on feeding behavior and its contribution to energy metabolism are poorly
understood. The changes in meal pattern, including the size and frequency of meals, under CR
had profound effects on the health and longevity of laboratory animals and humans, and a better
understanding of the mechanisms may lead to novel approaches for disease prevention and
treatment (16).

In general, the greater the level of CR (without causing malnutrition), the more beneficial it is
for health (2). The classic CR regimen (~30-40% CR) is an unlikely reality for most humans
to achieve in order to gain the proposed health and life-extending benefits. It remains to
investigate the health benefits of lesser degrees of CR that may be more attainable for human
studies (2). Although 5% CR is commonly used to promote consumption of total food
allotments, even in control groups (13,17), it is currently unclear whether mild CR (5%) is
effective for increasing lifespan, attenuating age-related disease, and/or altering body
composition normally associated with CR in mice.

The purpose of the present study was to investigate the influence of mild CR (5%) on body
composition, energy expenditure, locomotor activity, and feeding behavior in female C57BL/
6J mice.

METHODS AND PROCEDURES

Mice

Eight-week-old female C57BL/6J mice (Jackson Laboratory, Bar Harbor, ME, USA) were
maintained under standard laboratory conditions on a 12/12 hour light/dark cycle in a
temperature (22.0 £ 1.0 °C) and humidity (50%) controlled room. Animals were group housed
for one week and then housed individually to decrease variability (18). In the first experiment,
the mice were housed individually in normal mouse cages (31Lx20Wx15H cm) and provided
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food ad libitum (AL) for 6 weeks. The mice were subsequently subjected to a 5% calorie
restriction (CR) or AL feeding (n=10/group) for 4 weeks. In the second experiment, 10-week-
old mice were individually housed and acclimated to a TSE-Labmaster chamber
(23.5Lx13.5Wx13H cm) for 3 weeks. During the third week, mice were weighed and randomly
assigned to one of two groups; AL (n=7) or CR (n=8). CR was initiated at 13 weeks of age,
and lasted for 3 weeks. For experiments 1 and 2, cages were cleaned on the final day of each
week. Mice were provided with standard mouse chow (Teklad Global 16% Protein Rodent
Diet, Harlan, Madision, WI, USA) throughout the experiment. By calorie, the mouse standard
chow contained 11% from fat, 20% from protein, and 69% from carbohydrate. All procedures
were approved by the University of Alabama at Birmingham Institutional Animal Care and
Use Committee.

Body weight, body composition and body fat distribution

Body weights were measured weekly (experiment 1) or every 3 days (experiment 2) at 1000
hrs. Body composition (fat and lean mass) was measured in vivo using either dual-energy X-
ray absorptiometry (DXA; GE Lunar PIXImus software version 1.45, Lunar, Madison, WI,
USA, experiment 1) or quantitative magnetic resonance (QMR, Echo 3-in-1, Echo Medical
System, Houston, TX, USA, experiment 2). For DXA, all body composition scans were
performed under anesthesia with isoflurane (3%) between 1000-1200h at weeks 0, 2 and 4.
Body composition measurements with QMR were acquired the day before CR started, and
weekly thereafter between 1300-1500 hours. Three hours prior to the scans, food was weighed,
recorded, and removed from the cage. This period of fasting helped avoid any potential effect
of gut fill on body composition results. At termination, fat pads, including interscapular brown
adipose tissue (IBAT), inguinal white adipose tissue (IWAT), gonadal WAT (GWAT),
subcutaneous WAT (SWAT), retroperitoneal WAT (RWAT), and mesenteric WAT (MWAT)
were dissected carefully and weighed (accurate to 0.01g).

Feeding behavior

For experiment 1, the amount of food for the CR group was calculated according to 95% of
the baseline intake of the AL group (AL=3.06+0.07g/day), and provided at 1600h every day
throughout the experiment. For experiment 2, the initial 3-day’s food intake in CR mice was
calculated according to 95% of the 3-day baseline measurement of AL mice. The food allotment
for CR mice was then adjusted every 3 days based on the intake of AL mice, and provided at
1600hrs (light off at 1800h, and on at 0600h next day). Feeding behavior (including meal
frequency and pattern of daily food consumption) was monitored by a feeding monitor system
(Labmaster; TSE Systems, Bad Homburg, Germany) consisting of Macrolon type 111 cages
equipped with food baskets connected to weight sensors. The basket of the feeding sensor was
filled with normal food pellets (shaved into 1-2g pieces) and the drinking bottle was filled with
autoclaved water. Food intake was measured continuously as a decrease in the weight of the
food in the basket. Each time food was removed from the food container, the amount of food
retrieved, and the timing of the event was recorded by the computer. The sawdust bedding was
checked carefully, and spillage was recorded. Weight variations of the food basket were
recorded every 9 minutes. Meal pattern analysis was conducted adopting a minimum inter-
meal interval separating into two meals of 9 minutes (19).

Energy expenditure and locomotor activity

In experiment 2, total energy expenditure (TEE) and locomotor activity were analyzed using
an indirect-calorimetry system (Labmaster; TSE Systems, Bad Homburg, Germany) over 3
weeks. Air-tight respiratory chambers with a flow rate of 0.45L/h were maintained at 22.0°C
(= 1.0 °C). Energy expenditure was calculated using 1-minute samples for quantification of
O, consumption and CO, production. Circadian energy expenditure (24 hours) was analyzed
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at baseline (day 0) and last day (day 20) of the experiment, and energy expenditure was
averaged into 27 min periods per animal, and then was averaged for both groups. TEE was
determined by calculating the average hourly energy expenditure over 22 hrs and then
multiplying it by 24. Resting energy expenditure (REE) was calculated by averaging the three
lowest 10 consecutive-minute periods of energy expenditure, with at least one hour between
each period (20). This was then multiplied to generate a 24-hour REE (20). Locomotor activity
was determined with infrared sensor pairs arranged in a grid pattern for horizontal (x, y level)
activity. Movement was monitored continuously and reported as a total count every 9 minutes
and expressed as counts/24 hrs.

Uncoupling protein 1 (UCP1) mRNA expression

Real time RT-PCR was conducted as previously described (21). On the day following 3 weeks
treatment (215! day), mice were euthanized by decapitation and interscapular BAT was rapidly
collected between 1000h to 1200h (food was provided at 1600h), frozen in liquid N5, and stored
at —80°C. Total RNA was extracted using Trizol reagent (Life Technologies, Gathiersburg,
MD) according to the manufacturer’s directions, after which cDNA was synthesized using a
SuperScript 11 kit (Invitrogen). Multiplex Real Time RT-PCR was carried out using LUX-
labeled oligonucleotide primers (Invitrogen) analyzed on a Chromo4 Instrument (MJ
Research) for each gene of interest with Opticon MonitorTM software version 3.0. Primers for
mouse UCP1 were as follows: UCP1 sense 5-GGT CAG AAT GCA AGC CCA GAG-3/;
UCP1 antisense 5'-CGG GTG TAAGCATTG TAG GTC CCFAMG-3'. PCR conditions were
50°C for 2 min, 95°C for 2 min and then 45 cycles of 95°C for 15 sec, 60°C for 45 sec and 72°
C for 30 sec. Certified housekeeping primer sets were purchased for the housekeeping genes
(Invitrogen). The threshold cycle (CT value) corresponding to exponential amplification of
PCR product during the log-linear phase for both the target gene (FAM labeled) and internal
reference gene B-actin were analyzed for each sample in triplicate using the deltaCT
comparative method to determine relative expression levels. Amplification efficiencies and
assay validations were determined from control standard curves for both the gene of interest
and the reference RNA generated for each 96-well assay. The intra-assay coefficient of
variation was <3%.

Serum T3 assay

Trunk blood was collected and serum total T3 concentrations were determined in duplicate
using a total T3 ELISA kit (Alpha Diagnostic, San Antonio, TX). The intra-assay coefficients
of variation were <10% and the detection limit was 20ng/dL.

Statistical analyses

RESULTS

All statistical analyses were performed using SAS (Version 9.1; SAS Institute, Cary, NC).
Repeated measures analysis of variance (ANOVA) was used to determine significant
differences in body weight, food intake, body composition, total daily and resting energy
expenditure, and activity between AL and CR mice over time. The post-hoc Bonferoni
correction was used for the multiple comparisons in total and resting energy expenditure, and
locomotor activity. Fat pad weights, serum T3 concentration, UCP1, and meal pattern were
analyzed by student t-test. Data are reported as mean + standard error of the mean (SEM). The
criterion for statistical significance was P < 0.05.

Experiment 1. Effects of 5% CR on body weight and composition over 4 weeks

Five-percent CR induced a significant increase in body fat mass (P < 0.01) and a significant
decrease in lean mass (P < 0.01), while AL mice remained relatively stable over 4 weeks.
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Relative to the AL mice, CR mice had a 68.5% greater fat mass (3.37 = 0.23g vs. 2.00 £ 0.09g,
P <0.01), and a 12.3% lower lean mass (14.43 + 0.24g vs. 16.45 + 0.31g, P < 0.01) at the end
of the treatment (Fig. 1a). Both CR and AL mice increased their body weight over 4 weeks,
while no significant difference was found between the two groups at the end of the experiment
(P =0.11).

Experiment 2. Effect of 5% CR on body weight and composition, energy expenditure, feeding
behavior, and locomotor activity over 3 weeks

Body weight, body composition, and fat pad distribution—Five-percent CR induced
significant changes in body composition without altering body weight. Body weight was
relatively stable throughout the experiment in both AL and CR mice (P > 0.05). Relative to
AL mice, CR mice showed an increased body fat mass (P < 0.01) and decreased lean mass over
3 weeks. CR mice had a 43.6% greater fat mass (4.97 £ 0.40g vs. 3.46 + 0.15g, P < 0.01), and
a 6.4% lesser lean mass (14.44 + 0.17g vs. 15.43 + 0.26g, P < 0.01) than AL mice at the end
of the experiment (Fig. 1b). CR mice had significantly more IWAT, GWAT, SWAT, RWAT,
and MWAT than AL mice after 3 weeks treatment (P<0.01). In contrast, there was no significant
difference in the weight of IBAT between CR and AL mice (P = 0.17, Fig. 2).

Energy expenditure, serum T3 and UCP1—There was no significant difference in the
circadian pattern of total energy expenditure (TEE, Kcal/h) at baseline (Day 0, P=0.276) and
end of the experiment (Day 20, P=0.810). However, on day 20, TEE was lower in AL mice
compared to CR mice in the first 2 hours after food provided (at 1600h, and light off at 1800h),
but was lower in CR mice than AL mice in the later dark phase and thereafter.

TEE (Kcal/day, P < 0.05) and resting energy expenditure (REE, Kcal/day, P < 0.05) were
significantly decreased in CR mice compared with AL mice over 3 weeks. TEE was 5.0% lower
(7.97 £ 0.14 vs. 8.38 + 0.46 kcal/day) and REE was 20.7% lower (4.83 + 0.54 vs. 6.09 + 0.43
kcal/day) in CR mice than AL mice after 3 weeks (Fig. 3). There was no significant difference
in mMRNA expression of UCP1 from BAT or total serum T3 between CR and AL mice (P >
0.05, Table 1).

Feeding behavior and locomotor activity—CR induced significant differences in
feeding behavior. For two hours after providing of food at 1600 hrs, CR mice ate significantly
more food over a significantly greater number of meals (Table 2). Total food consumption
during the 12 hours of darkness did not differ until the 3™ week when CR mice consumed
significantly less than AL mice (1.85 + 0.26 vs 2.57 + 0.16g, P<0.05); however, there was no
significant difference in the number of meals consumed. From lights on at 0600 hrs until food
provisioning at 1600 hrs, CR mice ate significantly less with dramatically fewer feeding bouts
than AL mice (Table 2). Mild CR had no effect on locomotor activity (Fig. 4).

DISCUSSION

In the present study, mild CR (5%) resulted in a significant change in body composition without
altering body weight. Relative to AL mice, CR mice had greater fat mass and lower lean mass.
CR resulted in a reduction in TEE and REE relative to AL mice. CR induced an alteration of
feeding behavior, where CR mice consumed dramatically more food upon food provisioning.

A growing body of literature has demonstrated that moderate or severe CR (30-60%) leads to
significant changes in body composition including reduced body fat mass and/or lean mass,
with or without weight loss (4-6,22,23). For example, 25% CR in humans resulted in a clear
decline of body fat mass and fat-free mass after 6 months (5). In 6 month-old mice, 55% CR
resulted in a 71% reduction in total fat mass after 6 months (22). However, these changes are
age-specific, and the loss of overall weight in aged mice was due primarily to a loss of lean
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mass, unlike a loss in fat mass in adult mice (22). To our knowledge, there are no reports of
the effect of mild CR on body composition in human or rodent models. In the current study,
female C57BL/6J mice restricted by 5% showed an unexpected response by increasing fat mass
and decreasing lean mass. These changes were confirmed in two independent studies using
two methods of body composition analysis, DXA and QMR, and then confirmed at necropsy
with dissected fat pad weights.

In the present study, CR mice consumed the vast majority of their food prior to lights on at
0600 hr and had little or no food from 0600 to 1600 hrs. When food was given at 1600 hrs, CR
mice consumed nearly four times as much food over a two-hour period compared to AL mice
(Table 2; week 3). It is unclear why the 5% CR mice in this study responded by increasing fat
mass and decreasing lean mass. Dietz (24) suggested that food choice or physiological
adaptations in response to episodic food shortages could cause increased body fat and decreased
lean mass in both rodents and humans. Women with normal weight had significantly greater
body fat and less lean mass after cyclic dieting (25). However, the association between feeding
behavior and body composition is less reported. Possible explanations include the increased
fat content of food consumed, binge eating after diet restriction, and disordered eating patterns
(e.g. reduced meal frequency) under food restriction conditions (24,26,27). It is of interest that
we found similar feeding behavior responses in female mice restricted by only 5% (i.e., changes
in eating pattern, reduced meal frequency, and binge eating). The association between feeding
behavior and fat accumulation in mild CR mice is unknown. However, the gorging behavior
observed in CR mice implies that compressing caloric intake into a short time may alter energy
partitioning including the changes of digestible or metabolically energy intake, which may
result in more effective triglyceride production and storage in fat depots. Moreover, female
and male rodents typically play different roles in the survival of the species, and would be
expected to respond differently to food scarcity. The response to mild CR in male mice should
be tested even though it seems there are no sex-dependent differences in lipid metabolism
(28).

Food uncertainty or limitation may also explain by small mammals inhabiting temperate and
arctic regions exhibit annual cycles in body weight. Siberian hamsters (Phodopus sungorus)
lose body weight in the fall, while collared lemmings (Dicrostonyx groenlandicus) lose weight
in spring, when going into periods of food limitation (29,30). Body composition, including not
only body fat, but also lean mass (metabolically active tissues like skeletal muscles), was
decreased accompanied with weight loss. These body composition changes in field mammals
can be mimicked by altering the photoperiod, even in the presence of ad libitum food (20,29-
31). Lindstedt (1985) hypothesized that a smaller body size reduced the absolute energy
requirement by reducing the metabolic rate to compensate for the food limitation (32). In the
present study, 5% CR induced a significant decrease in total and resting energy expenditure,
which was maintained throughout the restriction period and associated with a significant
decrease of lean mass. This was similar to the changes in energy expenditure experienced by
seasonal rodents independent of fat mass consideration. Therefore, the accumulation of total
body fat in female C57BL/6J mice might result from the adjustment of energy expenditure to
meet the stress of uncertain food availability. Further studies are necessary to test this
hypothesis either by changing the meal time or by spreading out the food allocation to CR mice
to prevent the gorging behavior. A common feature of moderate and severe CR in rats and
mice is a decrease in energy expenditure due to the loss of metabolically active tissues, like
skeletal muscles and organ tissues (33). Mild CR, in this study, induced decreased lean mass
in female C57BL/6J mice after 3 weeks, which might partially explain the reduction of energy
expenditure. Unfortunately, we did not determine the makeup of the fat-free mass to see
whether it was muscle or organ tissue that was lost. Also, it was not possible to adjust energy
expenditure by lean mass as there was no statistically significant relationship between lean
mass and TEE or REE.
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To further understand the mechanism of the decrease of energy expenditure under mild CR,
serum total T3 and UCP1 in BAT, two factors that influence energy expenditure, were
investigated. After 3 weeks of mild CR, total serum T3 levels and UCP1 mRNA did not display
any significant differences between groups. Weinsier et al. (8) had noted that a decrease of
serum T3 occurred during negative energy balance, but did not persist during a period of
sustained maintenance of a reduced body weight. The finding that mild CR had no effect on
serum T3 differs from previous studies showing that under moderate and severe restriction,
serum T3 was reduced in rats (10,11). BAT plays an important role in the regulation of energy
expenditure and body temperature in small mammals, which depends on its specific protein-
UCP1. Several studies suggest that moderate or severe CR decreases UCP1 mRNA and protein
expression in BAT of rodents, contributing to energy conservation (34,35). The different
response in T3 and UCP1 between mild and severe CR suggests that the decreased energy
expenditure in mild CR may not be due to the thyroid hormone metabolism or UCP1 mediated
BAT thermogenesis. CR is believed to suppress the sympathetic activity to reduce
thermogenesis in BAT (36), and associated with the reduction in body temperature (13,37).
Considering that the reduction in energy expenditure preceded the decreased lean mass, it is
possible that the sympathetic activities in mice under mild CR are suppressed, and induce a
lower body temperature but was not measured. An important point which arises from the
current work is that the UCP1 mRNA was measured at end of the experiment, and considering
as index of BAT thermogenesis, which might not reflect the chronic condition and feeding
cycle very well.

CR could lead to an alteration of body fat mass or lean mass by changes not only in metabolic
rate, but also due to changes in energy expenditure induced by changes in locomotor activity.
The present study did not show any differences in locomotor activity, which agrees with other
studies in mice and rats (6,17,38). Evans et al (2005) found that male FBNF1 rats did not show
any difference in locomotor activity between AL group and a weight maintenance group (5%
CR) (17). Twenty-five percent (25%) CR did not induce significant changes in physical activity
after 3 or 6 months in humans (39). Three weeks of mild CR did not induce any changes in
locomotor activity or activity during light or dark, which means that these animals did not
reduce their locomotor activity to decrease energy expenditure in response to mild food
restriction. Besides the reduction of activity and adaptation in BAT thermogenesis, CR induced
torpor may be another possibility to conserve energy in mice. The lean mice restricted by 30—
40% for 12-14 weeks displayed daily torpor phenomena, and was associated with a remarkable
decrease in rectal temperature (40). Similarly, Overton et al. (2004) verified torpor could be
induced by a single night of fasting or a few days CR (13). In the present studies, we found a
remarkable decrease of energy expenditure in dark phase before lights on (around 500-600h).
It can not be excluded whether torpor existed at that time period because body temperature
was not measured.

CONCLUSIONS AND PERSPECTIVE

Mild CR altered body composition, energy expenditure, and meal patterns in female C57BL/
6J mice. The increase in fat and decrease in lean mass may be a stress response to uncertain
food availability. Locomotor activity and BAT thermogenesis do not appear to contribute to
the decreased energy expenditure in this study. Some aging studies use 5% CR as their control
group to maintain body weight and food intake. Many of the life-extending benefits of severe
CR are associated with a reduction in fat stores. Whether fat accumulation under mild CR is
linked to accelerated aging and related pathologies such as cancer or diabetes remains to be
investigated. Further research is needed to determine if the accumulation of body fat was caused
by the food reduction or the timing of food provision.
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Figure 1.

Effects of 4-week (a) and 3-week (b) mild calorie restriction (5%, black symbols) and ad
libitum (white symbols) on body weight, body fat, and lean mass. Values are means + SE
(Figure 1a, n=12/group; Figure 1b, n=7 for ad libitum and n=8 for calorie restriction group).
*P<0.05; **P<0.01 compared to ad libitum mice at the same time.
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Effects of 3-week mild calorie restriction (5%) on the fat pad mass (BAT, brown adipose tissue;
IWAT, inguinal white adipose tissue; GWAT, gonadal white adipose tissues; SWAT,
subcutaneous white adipose tissue; RWAT retroperitoneal white adipose tissue, and MWAT,
mesenteric white adipose tissue). Values are means + SE (n=7 for ad libitum and n=8 for calorie
restriction group). *P<0.05; **P<0.01 compared with ad libitum mice.
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Figure 3.
Effects of 3-week mild calorie restriction (5%) on (a) hourly energy expenditure at day 0; (b)
hourly energy expenditure at day 20; (C) daily total energy expenditure; and (d) daily resting
energy expenditure. Values are means + SE (n=7 for ad libitum and n=8 for calorie restriction
group). *P<0.05; **P<0.01 compared with ad libitum mice at the same time.
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Effects of 3-week mild calorie restriction (5%) on daily locomotor activity (a), light activity
(b), and dark activity (c). Values are means + SE (n=7 for ad libitum and n=8 for calorie
restriction group). *P<0.05; **P<0.01 compared with ad libitum mice at the same time.
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Table 1

Effects of 3-week mild calorie restriction on total serum T3 concentration and mRNA expression.

5% calorie restriction ~ Ad libitum P value

Total serum T3 (ng/dL) 81.95+8.10 79.55+8.74 0.844
UCP1 mRNA (relative) 1.135+0.074 1.067+0.051 0.474

Data presented as Mean + SE.
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