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Abstract
The goal of this study was to examine factors that contribute to energy balance in female GHR −/−
mice. We measured energy intake, energy expenditure (EE), fuel utilization, body mass (Mb) changes
and physical activity in 17 month-old female GHR −/− mice and their age-matched wild type
littermates. The GHR −/− mice were smaller, consumed more food per unit Mb, had greater EE per
unit Mb and had an increase in 24-h EE/Mb that was similar to the increase in their surface-area-to-
volume ratio. Locomotor activity (LMA) was reduced in the GHR −/− mice, but the energetic cost
associated with their LMA was greater than in wild type controls. Furthermore, Mb and LMA were
independent explanatory covariates of most of the variance in EE, and when adjusted for Mb and
LMA, the GHR −/− mice had higher EE during both the light and dark phases of the daily cycle.
Respiratory quotient was lower in GHR −/− mice during the light phase, which indicated a greater
utilization of lipid relative to carbohydrate in these mice. Additionally, GHR −/− mice had higher
ratios of caloric intake to EE at several intervals during the dark phase, and this effect was greater
and more sustained in the final three hours of the dark phase. Therefore, we conclude that GHR −/−
mice are able to overcome the substantial energetic challenges of dwarfism through several
mechanisms that promote stable Mb. Relative to wild type mice, the GHR −/− mice consumed more
calories per unit Mb, which offset the disproportionate increase in their daily energy expenditure.
While GHR −/− mice oxidized a greater proportion of lipid during the light phase in order to meet
their energy requirements, they achieved greater energy efficiency and storage during the dark phase
through a combination of higher energy consumption and lower LMA.
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1. Introduction
Modulation of growth hormone (GH) signaling has been shown to have profound effects on
body mass (Mb), energy balance and longevity in rodents (recently reviewed [1]). A useful
animal model for examining the role of GH in longevity and health has been the Laron mouse
[2], so-named due to its phenotypic recapitulation of, and similarity to, Laron Syndrome
individuals [3]. This disorder in humans has several features including: short stature,
craniofacial abnormalities, obesity, delayed onset of puberty, hypoglycemia, low serum
insulin-like growth factor I (IGF-I) and elevated serum GH levels, and insensitivity or
resistance to GH [3–5]. Several independent mutations in the GH receptor (GHR)/binding
protein (BP) gene have been found to cause Laron Syndrome [6–10], implicating an
insensitivity to the effects of GH in this disorder. Likewise, the Laron mouse was engineered
with a targeted disruption of GHR/BP gene [2]. Mice homozygous for this deletion (GHR −/
−) demonstrated a dramatic reduction in both linear growth and Mb, greater levels of serum
GH, GH insensitivity, and low or non-detectable levels of circulating IGF-I [2]. Other features
of the GHR −/− mice include delayed puberty, lower fertility [11,12], a reduction in both
ovarian follicle number and average litter size in females [13,14], and lower bone mineral
content [15].

Remarkably, GHR −/− mice live significantly longer than their wild type littermates [16,17].
Furthermore, GHR −/− mice have an improved metabolic profile; male GHR −/− mice have
lower fasting glucose and insulin levels [17] even when challenged with a high fat diet [18].
Paradoxically, GHR −/− mice have a greater percentage of body fat in comparison to their wild
type littermates [18,19], but higher levels of adiponectin [19]. Significantly, the effect of
GHR deletion on fat tissue mass is depot-specific; when calculated as a percentage of Mb, the
subcutaneous fat depot is greater in GHR −/− mice, while the epididymal fat pad is unchanged
[19]. The stimulation of lipolysis by GH has been well established [20–23]. Therefore,
alterations in the partitioning of fat in GHR −/− mice may be due to depot-specific dysregulation
that results from the loss of GH signaling [19].

The diminutive body size of GHR −/− mice presents a significant energetic challenge for these
animals in terms of Mb and temperature homeostasis. While these mice have a lower core body
temperature and lower thyroid function [24], they also have greater heat loss due their higher
surface area-to-volume ratio. One compensatory mechanism to offset the loss of energy (as
heat) in GHR −/− mice appears to be greater food intake (adjusted for Mb) [18,19]. Male and
female GHR −/− mice fed a chow diet reach their plateau Mb at 28 and 34 weeks, respectively,
and maintain their Mb up to 80 weeks [16]. This high degree of stability in the Mb of GHR −/
− mice suggests that these animals have a finely tuned homeostatic control of energy balance.
However, the control points of energy balance in these long-lived mice have not been rigorously
evaluated and have never been evaluated in the female GHR−/− mice [18,25]. In this study,
we examined energy intake, energy expenditure, fuel utilization, changes in Mb and physical
activity in 17-month-old female GHR −/− mice and their age-matched wild type littermates.

2. Methods
2.1 Animals

All procedures were approved by the Ohio University Institutional Care and Use Committee
and fully complied with federal, state and local policies. Additionally, the Elixir
Pharmaceuticals Institutional Animal Care and Use Committee approved all protocols for the
experimental use of animals, in accordance with NIH guidelines. At the time of study, the mice
that we used were 17-month old female GHR −/− and wild type littermates on a C57BL/6J
genetic background (> 99 % congenic), as described previously [2]. Mice were bred from
GHR +/− pairs and raised at the animal facility at Ohio University (Athens, OH). Following

Longo et al. Page 2

Growth Horm IGF Res. Author manuscript; available in PMC 2011 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



shipment to Elixir, the mice were housed individually for three weeks in controlled
environment rooms with the following conditions; 72°F ambient temperature, ~40% humidity,
with 12h phased light/dark cycles at 6am/6pm in ventilated racks (Thoren; Hazelton, PA).
Room temperature, humidity, light duration and light intensity were monitored using a HOBO
data logging system (Onset Computer Corporation, Pocasset, MA).

2.2 Diet
Animals were weaned at four weeks of age onto a rodent chow diet (ProLab RMH 3000; 14%
of kilocalories from fat, 26% from protein, and 60% from carbohydrates). After transfer of the
mice to Elixir’s animal facility, they were fed a pelleted chow diet (Lab Diet 5001, Purina; St.
Louis, MO). A powdered version of this diet was used for the calorimetry study. The calculated
dietary food quotient (FQ), which represents the theoretical 24-h RQ of an animal when it is
in a state of energy balance, was determined using the following equation: (0.835 × % protein)
+ (1.0 × % carbohydrate) + (0.71 × % fat) [26]. Information from the supplier indicated that
Lab Diet 5001 consisted of 28.5% energy from protein, 58% energy from carbohydrate, and
13.5% energy from fat, and therefore had a calculated food quotient of 0.914 and an energy
equivalent of 3.44 kcal/g. Due to the limitations of using a generalized equation to determine
the FQ for relatively undefined chow diets, we also estimated FQ (using another dataset) as
the y-intercept of the changes in body mass during calorimetry (x-axis) and the 24-h RQ (y-
axis) (FQ = 0.855). The data from the present study suggest that this estimate was closer to the
actual FQ than the equation-derived FQ.

2.3 Indirect calorimetry and the measurement of metabolic flexibility
Energy expenditure (EE), food intake, RQ, and x-axis locomotor activity (LMA) were recorded
using a 16-chamber indirect calorimetry system (Oxymax™, Columbus Instruments,
Columbus, OH). We calibrated the calorimeter’s O2 and CO2 sensors before each experiment
using a compressed gas with a highly defined mixture of O2 and CO2. RQ was calculated as
the quotient of the rates of CO2 production (VCO2) and O2 consumption (VO2), and energy
expenditure (kcal/day) was calculated with the equation (3.815 + (1.232 × RQ)) × VO2, with
VO2 defined as liters O2/day [27]. We used relative cumulative frequency (RCF) curve analysis
to transform RQ data for ease of visualization [28]. LMA was monitored using a beam-break
apparatus aligned with the calorimetry chambers along the x-axis. Measurements were
collected from each mouse every 14 minutes for exactly 96 hours. We recorded the Mb of each
mouse immediately before and after chamber occupancy. Furthermore, any wasted food was
collected, weighed, and accounted for in the final food intake measurements. Daily, light cycle
and dark cycle averages were calculated for each parameter.

2.4 Statistics
We used Student’s T-test to assess the effects of genotype on all dependent variables. When
assessing the effects of genotype over time, we used repeated measures analysis of variance
(RM-ANOVA) to estimate the main effects (genotype and time); the effect of genotype at
individual time points was determined using the Bonferroni post hoc test, adjusted for multiple
comparisons. The influence of potential covariates on the dependent variables was assessed
by analysis of covariance (ANCOVA) using a general linear model. Reported ANCOVA
results conformed to the homogeneity of slopes assumption as assessed by Levene’s test, and
all data were considered statistically significant at P<0.05. Surface area-to-volume ratios were
calculated by using a variant of the Meeh equation [29]; we substituted the Mb of each mouse
for the volume of a sphere (1 g = 1 cm3) and solving for radius (r) using the equation volume
(V) = 4/3*πr2. Surface area (SA) was determined using the equation SA = 4πr2. Therefore, the
unit measure for SA/V was 3/r. Statistical analyses were performed with the software packages
SYSTAT (Systat Software, Inc, Chicago, IL) and GraphPad Prism version 5 for Windows

Longo et al. Page 3

Growth Horm IGF Res. Author manuscript; available in PMC 2011 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(GraphPad Software, San Diego CA). Post hoc power calculations were made in some cases
using the program G*Power version 3.0.10 for Windows [30].

3. Results
3.1 Body mass and food intake

We compared metabolic parameters in female GHR −/− and wild type control mice at 17
months of age, fed a standard chow diet, during fours days of continuous measurements in
calorimetry chambers. The results are summarized in Table 1. Importantly, the Mb of the mice
remained constant in both groups during the measurement period, indicating that the mice were
in a state of energy balance. In terms of Mb, the GHR −/− mice were 56% smaller and had a
31.3% increase in their surface area-to-volume ratio when compared to their wild type controls.
The wild type mice had a 24-h EE-to-Mb ratio of 0.51 kcal24h/g. Therefore, if energy
expenditure scaled linearly with Mb, the GHR −/− mice would be predicted to have a 24-h EE
of 7.01 kcal; however, 24-h EE was in fact 25.8% higher in these mice, similar to the increase
in the surface area-to-volume ratio (Table 1). Notably, the 25.8% increase in 24-h EE in the
GHR −/− mice was significantly lower than the 31.3% increase in their SA/V ratio (P=0.02),
and these two parameters were positively correlated (r=0.627, P=0.022).

Absolute caloric intake in the GHR −/− mice was significantly lower compared to their wild
type littermates, but higher in GHR −/− mice after adjusting for body weight (Table 1).
Importantly, 24-h caloric intake was roughly equivalent to 24-h EE in both genotypes,
consistent with the maintenance of Mb in both genotypes.

3.2 Fuel utilization
During the 12-h dark period and an entire 24-h cycle, the average respiratory quotient (RQ)
did not differ significantly between GHR −/− and wild type mice, indicating similar patterns
of fuel oxidation (Table 1, Figure 1A, 1B). However, RQ was significantly lower in GHR −/−
mice during the 12-h light period (Table 1), potentially indicating greater oxidation of lipid
relative to carbohydrate during the quiescent phase of the daily cycle. (The nonprotein RQ was
not determined, and therefore we cannot rule out the possibility that the lower light period RQ
in the GHR −/− mice was due to greater protein catabolism [31].) While this RQ shift appeared
to be small, it accounted for almost one kilocalorie of energy intake in a 24-h period in the
GHR −/− mice (Figure 2). This shift toward lower RQ in the GHR −/− mice is shown clearly
in Figure 1b, when the RQ values for each genotype recorded over 24-h were binned and shown
as relative cumulative frequencies (RCF). The leftward shift in the RCF curve for the GHR −/
− mice indicated a greater ratio of lipid:carbohydrate oxidation (or possibly protein
catabolism). Both the GHR −/− and wild type mice had 24-h RQ values that were close to the
food quotient of their diet (~0.855), which provided additional evidence that both groups of
mice were in a state of energy balance during the experiment.

3.3 Components of variance in energy expenditure: body mass and activity
Total energy expenditure (EE; kcal/period) was significantly lower in the female GHR −/−
mice (F(1,23)=193, P<10−12), with the effect of genotype explaining 89.4% of the experimental
variance (Table 1, MFigure 1C) Even though average b loss for each genotype during the 96-
h measurement period was minimal, we sought to determine if there was a relationship between
24-h EE and start-to-finish changes in Mb. After adjusting for the covariate ΔMb (Table 1),
genotype still predicted differences in 24-h EE (89.1% of total variance; F(1,22)=268,
P<10−10), with adjusted least square means of 15.8 and 9.5 kcal/24-h for the wild type and
GHR −/− mice, respectively. Importantly, ΔMb made a small but significant contribution to
the variance in 24-h EE (3.5% of total variance; F(1,22)=10.6, P=0.004), indicating that animals
with greater 24-h EE were more susceptible to Mb loss, regardless of their genotype. While
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this effect was small, it highlighted the importance of thorough energy accounting for the proper
interpretation of our energy balance experiment.

Given the large effect of genotype on Mb, we used ANCOVA to explore the association
between energy expenditure and Mb. We analyzed the effect of Mb on EE using ANCOVA
instead of simply dividing EE by Mb for two important reasons. First, dividing EE by Mb
erroneously assumes that all of the variance in EE is explained completely by Mb. Second,
ANCOVA allowed us to determine what percentage of the variance in EE was actually
explained by Mb [32]. This analysis demonstrated that the effects of genotype on 24-h EE (0.2%
of the variance, F(1,22)=0.1, P=0.776) were explained significantly by the covariate Mb (39.1%
of the variance; F(1,22)=14.2, P<0.001) (Figure 1D). The adjusted least square means of 24-h
EE for the wild type and GHR −/− mice were 12.5 ± 0.9 and 12.6 ± 1.0 kcal/24-h, respectively.
Therefore, the genotypic differences in 24-h EE were only partially explained by Mb; 60.9%
of the total variance was unexplained, indicating that factor(s) other than Mb likely contributed
to the large genotype-specific differences in EE.

Locomotor activity (LMA) was significantly lower in GHR −/− mice during the 24-h, 12-h
light, and 12-h dark periods (Table 1, Figure 1E). Interestingly, when the data were converted
to a percentage of total 24-h activity (100%), the GHR −/− mice had a significantly lower
percentage of their total LMA in the dark phase (70.4 ± 2.8%) when compared to the wild type
mice (73.9 ± 3.7%) (P<0.013). Notably, LMA was correlated significantly with EE in GHR
−/− mice during the 24-h period (r=0.623, P=0.023), the 12-h dark phase (r=0.605, P=0.028),
and particularly during the 12-h light phase (r=0.721, P<0.001). Furthermore, an analysis of
the Mb-adjusted residuals of EE and LMA demonstrated that the relationship between EE and
LMA was completely independent of Mb (data not shown) [33]. Interestingly, EE and LMA
were not significantly related in the wild type mice (Figure 1E), but the failure to find an
association in this group may have been due to a lack of statistical power in the regression.
With this concern in mind, the slope of the regression of LMA and EE was greater in the
GHR −/− mice indicating that, despite having lower LMA overall, LMA carried a larger
proportional energetic cost for the GHR −/− mice relative to wild type mice (Figure 1E).

To understand the relative contributions of Mb and LMA to EE, we performed ANCOVA and
found that both Mb and LMA were significant covariates of EE. During the dark cycle, the
effect of genotype was minimized (1.8% of the variance; F(1,21)=1.0, P=0.319), and was largely
explained by Mb (42% of the variance; F(1,21)=23.7, P<0.001) and LMA12-h dark (19% of the
variance; F(1,21)=10.9, P=0.003). Therefore, ~61% of the genotype effect on EE could be
explained via the effects of genotype on Mb and LMA. (The 37% residual variance could
potentially have been explained by the thermic effect of food, which was not estimated in this
study.) The adjusted least square means for the wild type and GHR −/− mice were 6.32 and
7.2 kcal/12-h dark phase, respectively. Similarly, during the light cycle, the effect of genotype
was reduced (2.2% of the variance; F(1,21)=1.24, P=0.278), while Mb (41% of the variance;
F(1,21)=22.5, P<0.001) and LMA12-h light (19% of the variance; F(1,21)=10.6, P=0.004) were
significant covariates. The adjusted least square means for the wild type and GHR −/− mice
were 5.33 and 6.16 kcal/12-h light phase, respectively. In each case, no interaction was noted
between LMA and Mb. These results demonstrated that Mb and LMA independently explained
most of the experimental variance (~61%) in EE, and female GHR −/− mice incurred higher
energy costs than the wild type control mice on a per unit activity basis [34].

3.4 Energy balance
In order to assess energy balance in the mice, we constructed an energy ratio plot. This consisted
of dividing caloric intake for each mouse by its caloric expenditure at regular time intervals
over an average 24-h period. An energy ratio equal to one would indicate energy balance, while
ratios greater or less than one would indicate states of energy storage or oxidation, respectively.
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The overall effect of genotype was not significant (F(1,23)=1.57, P=0.223). GHR −/− and wild
type mice had similar ratios of less than one during the light cycle (Figure 1F). However, the
dark cycle was punctuated by several periods when the GHR −/− mice had higher ratios than
their wild type controls (Figure 1F), and this was significant at one interval near the end of the
dark phase (P<0.05). Therefore, relative to the wild type mice, the GHR −/− mice had a greater
caloric surplus and were in a more positive energy balance during the dark phase.

Discussion
Many biological traits of the GHR −/− mouse have been well characterized in males, including
their smaller Mb [2,19], longer lifespan compared to normal mice [1,16,17], and greater insulin
sensitivity [17–19] despite a paradoxical increase in adiposity [19]. GHR −/− mice also have
higher energy expenditure per gram Mb, but are able match their caloric intake to their energetic
requirements [17,18,25], hence maintaining a stable Mb. In this work, we looked carefully at
changes in Mb, energy expenditure, energy intake, fuel utilization, and physical activity in order
to understand more fully the homeostatic mechanisms underlying Mb regulation in aged female
GHR −/− mice.

Perhaps the biggest energetic challenge that the female GHR −/− mice faced in maintaining
Mb was the loss of energy as heat. Due to their Mb, GHR −/− mice had a greater surface area-
to-volume ratio than their wild type littermates (Table 1). It therefore follows that heat loss
(and compensatory EE) should be in proportion to this ratio and should scale allometrically
with body mass (∝Mb

2/3) [35]. While the value of the scaling exponent for basal metabolic
rate has been an ongoing and contentious issue, recent evidence suggests that an exponent of
2/3 is correct [36]. An interesting finding of the current work was that the proportional increase
in 24-h EE per unit of Mb in the GHR −/− mice (25.8%) was correlated with, but still less than,
the increase in their SA/V ratio (31.3%), indicating that the greater Mb-adjusted 24-h EE in
these mice compensated for a large fraction of their size-related heat loss and was probably a
key factor in their homeothermic control. Notably, the difference between these two parameters
(−5.5%) was significant in the GHR −/− mice, which indicated a small energetic deficiency.
This was consistent with previous work that described a slightly lower core body temperature
(Tb) in GHR −/− mice and an impaired thyroid axis [24]. While body temperature was not
measured in our experimental animals, it is possible that a slightly lower body temperature was
a reasonable energetic trade-off for, and played a partial role in, the maintenance of Mb in these
mice. (A potential limitation to our mathematical approach for determining the SA/V ratio was
that genotypic differences in morphometry and/or composition may have introduced some error
in the estimates [37].)

The utilization of energy stored as lipid is crucial for small nocturnal mammals during the light
phase, a period of relative quiescence, since energy intake is by definition lower than basal
metabolism during this phase. One hypothesis was that light-phase lipid oxidation would be
greater in the GHR −/− mice in order to cover the disproportionate heat loss and energetic costs
associated with their small Mb. This idea seemed counterintuitive at first, since one of the well-
established effects of growth hormone is the stimulation of lipolysis (reviewed in [23]), while
loss of growth hormone signaling is associated with the accrual of fat tissue [18,19]. However,
RQ was significantly lower in the GHR −/− mice during their 12-h light phase, which indicated
their potential for greater lipid oxidation relative to carbohydrate oxidation (Table 1,Figure 1A
& 1B). (One caveat to this conclusion is that since the nonprotein RQs were not determined,
genotypic differences in protein catabolism cannot be ruled out as a cause for the difference
in light period RQ [31].) Similar results were seen in male GHR −/− mice, indicating that this
effect was probably gender-neutral [25]. Therefore, despite the loss of GH signaling, the
GHR −/− mice were able to liberate and oxidize stored lipid to a greater degree than the wild
type mice. Despite this increase in lipid oxidation, GHR −/− mice were previously shown to
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have more fat mass (as a percentage of total body mass) than their wild type controls [19].
Furthermore, we postulated that in comparison to the wild type mice, the GHR −/− mice must
have restored the fat mass that was lost during the light phase through mechanisms that
promoted greater energetic efficiency during the dark phase.

The maintenance of Mb requires that a cycle of energy use is balanced with a cycle of
replenishment of energy stores. We explored what factors, after adjusting for the effects of
Mb, that might have contributed to greater energy efficiency in the GHR −/− mice. Importantly,
the ratio of energy intake to EE (Foodkcal/EEkcal) was greater in GHR −/− mice relative to wild
type mice at several (but not all) intervals of the dark phase, and this effect was particularly
significant near the end of the dark phase (Figure 1F). The GHR −/− mice achieved this caloric
over-matching through two subtle but important mechanisms. First, GHR −/− mice consumed
a significantly greater percentage of their total daily caloric intake during the dark phase (2.4%)
compared to the wild type mice. Second, the GHR −/− mice had lower LMA during both the
light and dark phases, and had a decrease in the percentage of total daily LMA during the dark
phase, relative to wild type mice (−4.7%). While this decrease in LMA appeared to be small,
its effect on energy conservation was large (Figure 1E), given that the associated energy costs
of locomotion are greater disproportionately in smaller mammals [34, 38].

Previous work has shown that the decrease in body temperature in GHR −/− mice was most
pronounced during the final four hours of the dark cycle [24]. Perhaps it is not a coincidence
that we observed the greatest energy ratio in the GHR −/− mice during this approximate interval
(Figure 1F). A reduced thyroid hormone axis in the GHR −/− mice therefore may have resulted
in an impairment of meal-stimulated adaptive thermogenesis, or the thermic effect of food.
The role that thyroid hormone plays in the thermic effect appears to be species-specific. In
humans, thyroid hormone stimulates basal metabolic rate, but does not impact the thermic
effect of food [39]. Furthermore, the thermic effect scales linearly with caloric intake and is
not different in lean or obese men [40]. However, smaller mammals such as rodents rely more
heavily on adaptive thermogenesis from brown fat for heat [41], and this tissue has been shown
to increase heat production following a meal, at least in part through a thyroid hormone-
dependent mechanism [42,43]. Interestingly, GHR −/− mice were shown to have greater
intrascapular brown adipose tissue mass and uncoupling protein-1 expression [44]. However,
despite this, a reduction in the thermogenesis-related component of EE during this interval may
have promoted a period of enhanced fat storage immediately before lights-on, thereby
offsetting the greater utilization of stored lipid during the light phase in these mice.

In conclusion, we have found that female GHR −/− mice were able to overcome the substantial
energetic challenges of being small through several mechanisms that resulted in their ability
to maintain body mass. The energetic cost of locomotion was significantly greater in GHR −/
− mice in comparison to their wild type controls; however, the GHR −/− mice had lower total
locomotor activity, which reduced the total energetic cost of locomotion for these mice. The
GHR −/− mice consumed more calories per unit body mass, which offset the disproportionate
increase in their daily energy expenditure. Furthermore, while GHR −/− mice oxidized a greater
proportion of lipid during the light phase in order to meet their energy requirements; they
achieved greater energy efficiency and storage during the dark phase through a combination
of increased energy consumption and reduced physical activity.
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Figure 1.
Comparison of fuel utilization, energy expenditure and locomotor activity in wild type (n=12)
and GHR −/− (n=13) mice. (A) Respiratory quotient (RQ; VCO2/VO2) profiles over a 72-h
period. Shaded areas denote the dark phases. (B) Relative cumulative frequency (RCF) analysis
of RQ data during the same 72-h period shown in A. (C) Energy expenditure (EE; kcal/h)
profiles over a 72-h period. (D) Scatter plot of body mass (Mb; g) and EE (kcal/24-h). (E)
Scatter plot of locomotor activity (LMA; beam break) and EE (kcal/24-h). (F) Ratio of food
intake (kcal) to EE (kcal) at regular time intervals over a 24-h period, *P<0.05.
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Figure 2.
Scatterplot of food intake (kcal/24-h) and 24-h RQ for wild type (n=12) and GHR −/− (n=13)
mice. The slope (m), Pearson’s coefficient (r), goodness of fit (R2), and probability (P) are
shown for each regression.
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