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Abstract
Neuronal PAS domain protein 2 (Npas2) is a clock gene expressed widely in brain and peripheral
tissues. NPAS2 is responsive to cellular metabolic state and mutation of this gene impairs adaptation
to restricted feeding schedules, suggesting that NPAS2 is required for effective control of a food
entrainable oscillator. However, an alternative possibility, that NPAS2 is required for detection of
metabolic cues signaling energy deficiency or for arousal of appropriate behavioral responses to such
cues, as not been directly examined. Therefore, we examined the effect of targeted disruption of
Npas2 on responses to several acute and chronic metabolic challenges. We found that under normal
light-dark and ad libitum feeding conditions, Npas2 knockout (KO) mice did not differ from wild
type (WT) controls with respect to diurnal feeding or blood glucose levels, body weight or size or
body composition. Furthermore, feeding responses to overnight food deprivation, insulin- or 2-
deoxy-D-glucose (2DG)-induced glucoprivation, mercaptoacetate (MA)-induced blockade of fatty
acid oxidation and cold exposure did not differ by genotype. However, KO mice lost more weight
than WT during overnight food deprivation and when placed on a 4-hr restricted feeding schedule,
even though food intake did not differ between groups. Thus, it appears that NPAS2 is not required
for detection of or behavioral responses to a variety of acute or chronic metabolic deficits, but is
more likely to be involved in effective synchronization of feeding behavior with scheduled food
availability.
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1. Introduction
Clock genes are widely expressed throughout the brain and are present in most peripheral
tissues. The clock genes outside the light sensitive suprachiasmatic nucleus (SCN) express
endogenous circadian rhythms that persist for several cycles, even in the absence of the SCN
(1-2). The functions of clock genes outside the SCN, the physiological roles of the rhythms
they generate, the mechanism that co-ordinate their rhythms and the zeitgebers that entrain
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these rhythms are poorly understood. However, the existence of a circadian controller, located
outside the SCN and entrainable by food availability rather than light, has been recognized for
several decades (3). This latter circadian control mechanism that entrains the animal's activity
to scheduled food availability is referred to as the food entrainable oscillator (FEO) (4,5).

Neither the location of the FEO nor the participant genes are currently known (6). However,
Rutter and colleagues have recently suggested a role for neuronal PAS domain protein 2
(Npas2), a clock gene widely expressed in brain (7-8) and peripheral tissues (1). An important
characteristic that makes NPAS2 a candidate player in the FEO is its responsiveness to cellular
metabolic state. DNA binding of NPAS2: BMAL1 heterodimers (9), required for expression
of genes encoding other components of the molecular clock (10), is regulated by the redox
state of nicotinamide adenine dinucleotide (NAD) cofactors. Reduced forms of these cofactors
enhance and oxidized forms inhibit DNA binding of the NPAS2:BMAL1 heterodimer (11).
Thus, cellular metabolic state potentially constitutes an entrainment signal for this gene,
coupling gene expression to changes in cellular activity, which is in turn dependent on systemic
nutrient flux and food intake. Furthermore, Dudley et al. (12) have reported that mice with
targeted disruption of Npas2 have abnormal activity and sleep rhythms under normal light:dark
(LD) conditions. In addition, the mutant mice are more severely impaired than wild-type (WT)
controls in their ability to adapt to a 4-hr light phase restricted feeding schedule. The
investigators attributed these deficits to dysfunction of CNS mechanisms governing a food-
entrainable oscillator.

In the present study, we further examine the effect of Npas2 deletion on feeding and body
weight. As noted, previous work demonstrated that the KO mice given access to running wheels
had difficulty adapting to a 4-hr light phase restricted feeding schedule. However, genetically
intact rats and some strains of mice are known to be susceptible to activity-based anorexia
when placed on restricted feeding schedules in combination with access to a running wheel
(13-14) and this susceptibility can be influenced by seemingly subtle changes in environmental
conditions (15). This phenomenon may have contributed to the deficits in Npas2 KO mice,
since even the WT controls in the Dudley study had difficulty in adapting to this schedule
(12). Therefore, in this experiment we evaluated mice in the absence of running wheel access
to determine whether Npas2 KO mice exhibit deficits in response to a restricted feeding
schedule that are independent of running wheel-induced activity.

Second, the greater vulnerability of Npas2 KO mice to restricted feeding demonstrated in the
Dudley experiment may be due to an impaired ability to detect cellular metabolic deficits.
Although the ability of Npas2 KO to respond to metabolic signals known to elicit increased
food intake in genetically intact mice has not been evaluated, it has been shown that mice with
mutations of Clock exhibit metabolic dysfunction. CLOCK, like NPAS2, forms heterodimers
with BMAL1 and is sensitive to cellular redox state (11). Clock mutants are mildly hyperphagic
and obese, lack a diurnal distribution of feeding (16), and exhibit delayed recovery from insulin-
induced hypoglycemia (17). Thus, deletion of Npas2, which is similar to Clock in a number of
ways, may also alter metabolic function. Furthermore, NPAS2 is widely distributed in diverse
brain structures and in metabolically-crucial peripheral tissues such as liver and adipose tissue
(18-20), where its functions are still unknown and where a metabolic role is likely. Therefore,
in this study, we examined the effect of acute and chronic metabolic challenge on feeding and
body weight of Npas2 KO mice. We analyzed feeding responses of KO and WT mice to both
chronic and acute metabolic challenges, including a 10-hr dark phase advance, 4-hr light phase
restricted feeding, overnight food deprivation, exposure to cold ambient temperature,
glucoprivation induced by 2-deoxy-D-glucose (2DG, a glycolytic inhibitor) (21) or
hyperinsulinemia, and lipoprivation induced by β-mercaptoacetate (MA, a mitochondrial acyl-
coA dehydrogenase antagonist) (22). We also compared body weight, size and composition in
adult littermates of the different genotypes. Our results strengthen the interpretation that the
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primary deficit in the Npas2 mutant mice is related to the brain's oscillatory mechanism for
food-entrainable rhythmicity and not to the inability of these mice to detect or respond to
metabolic challenges.

2. Materials and Methods
2.1. Animals

The Npas2 KO mice used in this study were offspring of mice kindly provided by Dr. McKnight
(University of Texas Southwestern Medical Center, Dallas, Texas). They were generated by
targeted disruption of the Npas2 allele and backcrossed to the C57BL/6J background (6 Garcia
et al, 2000). Npas2 heterozygous mice were paired and caged separately. Each mouse pup was
genotyped by PCR using the primer pairs that specifically recognize the wild type and mutant
allele, respectively (8). Npas2 (+/+) mice were used as genotype (WT) controls. Wild type and
mutant mice were housed in groups of 3-4 in cages located in a temperature-controlled room
(25° C). A 12:12 hr light:dark (LD) cycle (lights on at 7 AM) was maintained throughout,
except as noted. Animals were maintained and tested on standard rodent chow (5001, Purina
Mills, LLC, Gray Summit, MO) and tap water. Food and water were available ad libitum unless
specifically stated. All protocols were approved by Washington State University Institutional
Animal Care and Use Committee.

2.2. Experimental designs
2.2.1. Feeding tests—After weaning, age-matched WT and Npas2 KO mice, at least 10 per
genotype, were housed in groups of 3-4 in suspended wire mesh cages, respectively. Prior to
feeding tests, a tray was placed underneath each cage to collect food spillage. At the beginning
of each test, a weighed quantity of mouse chow was placed on the cage floor. At the end of
each test period, food remaining in the cage, along with food spillage collected from the
underlying tray, was collected and weighed. Food intake was calculated by subtracting the
remaining chow, including spillage, from the weight of the chow given. To measure day- and
night-time food consumption, food was measured at lights-off and lights-on, respectively. To
examine the effects of photoperiod shifts, the dark phase was advanced 10 hours and the new
light:dark schedule (lights on at 10 PM: lights off at 10 AM) was maintained for 12 days (until
the rats adjusted their food intake to this schedule). For restricted feeding, mice were given
fresh chow for 4 hours from 10:00 AM to 2:00 PM for 16 consecutive days. To test responses
to overnight food deprivation, food was removed from the cages 2 hours before the onset of
the dark period. Food intake was measured 16 hours later in a 4 hr test. To test glucoprivic
feeding, ad libitum fed mice were injected with saline (0.9%, 2 ml/kg) or 2DG (Sigma-Aldrich
Co., St. Louis, MO; 250 or 500 mg/kg, s.c., 2 ml/kg) at 10:00 AM. Fresh chow was provided
immediately after the injection, and food intake was measured two and four hours later.
Alternatively, mice were injected with saline or a hypoglycemic dose of insulin (Hospira, Inc.,
Lake Forest, IL, 3 U/kg, s.c.) at 10:00 AM and food intake was measured 2 and 4 hours later.
To test lipoprivic feeding, MA (Sigma-Aldrich) was administered intraperitoneally using a
dose (68 mg/kg, 2 ml/kg) shown previously to be effective in stimulating feeding in rats (23).
MA or control solution (NaCl, 0.9%) was injected at 10:00AM. Fresh food was presented
immediately after the injections and intake was measured 2 and 4 hours later.

2.2.2. DEXA scan—Wild type (n = 4) and Npas2 KO (n = 4) littermates were euthanized by
inhalation of halothane (Halocarbon Laboratories, Inc., River Edge, NJ). Body length of each
mouse was determined by the distance from the nose to the base of the tail. Body fat was
determined by dual energy X-ray absorptiometry (DEXA) using a Hologic QDR 4500A
machine (Hologic, Inc., Bedford, MA) with 11.1:3 software. DEXA has been used extensively
for the direct determination of body fat in animals (24-25)
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2.2.3. Blood glucose—Blood glucose concentrations were determined from tail blood
samples using a hand held Fast Take glucose meter (LifeScan, Inc., Milpitas, CA). To
determine daily blood glucose fluctuation, glucose was measured in the WT (n =10) and the
KO (n=12) mice every four hours for 28 hours, starting at 7AM (Zeitgeber time = 0). Food
availability was not restricted during this test. To examine effect of 2DG on the glucoregulatory
increase in blood glucose, blood was sampled in the absence of food after injection of 2DG
(500 mg/kg, s.c.). 2DG was injected at 10:00 AM. Blood samples were collected at 0, 30, 60,
90, 120, 180, and 240 min after the injection.

2.2.4. Cold adaptation—Prior to cold exposure, mice (n = 4 per genotype) were implanted
surgically with a telemetry devices for continuous measurement of core body temperatures and
locomotor activity. Mice were briefly anesthetized with isofluorene vapors (Webster
Veterinary Supply, Sterling, MA) and then injected IP (0.1 ml/10 g body weight) with a
ketamine-xylazine-acepromazine cocktail containing ketamine HCl (5 ml, 100 mg/ml, Fort
Dodge Animal Health, Fort Dodge, IA), xylazine (2.5 ml, 20 mg/ml, Vedco, Inc., St. Joseph,
MO); acepromazine (1 ml, 10 mg/ml, Vedco, Inc.) and 0.9% saline, 1.5 ml). The transmitter
for telemetry (VitalView 3000 series, Philips, Andover, MA), which transmits signals through
receivers in the cage floor to a computer, was implanted in the intraperitoneal cavity. The
animal was then allowed to recover from surgery for one week. During this time, the mice were
housed in and habituated to the environmental chamber in which the experiment was to be
conducted. While in the chamber, mice were maintained on a 12:12 light:dark schedule. During
the habituation period, the temperature was held at 24° C. Subsequently, the temperature was
lowered 5° C/day until 4° C was reached on day 4. The mice were then maintained at 4° C for
six days. Ambient temperature, core body temperature, food intake, and body weight, measured
at 10:00 AM daily, were used in the data analysis. The baseline for food intake was calculated
as the mean of the last five days of food intake for each mouse prior to the reduction of ambient
temperature.

2.3. Statistical Analysis
Data are expressed as means ± standard error of mean (SEM). Results were analyzed using
SigmaStat© software. For multivariate analyses across time, two-way repeated measures
ANOVA was used. Holm-Sidak or Student-Newman-Keuls post hoc tests were applied when
the F value was significant. The critical level for significance was set at P < 0.05.

3. Results
3.1. Feeding rhythms and body weights

Npas2 (-/-) mice were healthy and did not exhibit chronic metabolic problems that altered body
weight. Table 1 shows that body weights of adult KO mice (n=15) were virtually identical to
WT mice (n=15) at 6, 7, 8 and 9 months of age. Body length and body composition were not
different between the genotypes (Table 2). Fat as percentage of body weight was 20.5 ± 1.7 %
(WT) and 23.4 ± 2.1 % (KO) and did not differ significantly by genotype. Figure 1 shows that
the KO and WT mice consumed similar amounts of food during both the light (1.15 ± 0.06 g
and 1.14 ± 0.07 g) and dark (3.16 ± 0.05g and 3.20 ± 0.08 g) phases of the circadian cycle and
there were no differences in total daily food intake between the two genotypes (4.31 ± 0.10 g
and 4.34 ± 0.13 g). Blood glucose concentration under ad libitum feeding conditions exhibited
a clear and significant peak 4 hr into the light phase in both groups (one way ANOVA, WT,
F(5, 59) = 5.97, P < 0.001; Npas2 KO, F(5, 69) = 4.09, P = 0.003) but there were no differences
between genotypes in blood glucose level at any time during the light/dark cycle (F(5, 129) =
0.16; P = 0.98).

Wu et al. Page 4

Physiol Behav. Author manuscript; available in PMC 2011 March 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



3.2. Food intake in response to chronic challenges
Figure 2 shows adaptation of WT and KO mice to a 10-hr dark phase advance. The means of
the light phase and dark phase food intake during the four days preceding the phase shift was
used as the baseline (day 0). To analyze effects of the phase shift, the ratio of food intake during
the light phase to intake during the dark phase was determined (light/dark). A two-way repeated
measures ANOVA was significant for the main effect of day (F(12, 91) = 256.0, P < 0.001) and
group (F(1, 102) = 26.5, P = 0.002) and the interaction of group by day (F(12,91) = 5.3, P <0.001).
With post hoc analysis, baselines of WT and KO mice were determined to be not different, but
KO mice adapted more quickly than WT mice to the phase shift. Groups differed significantly
from day 2 until day 7 (F(12, 103) = 5.07, P < 0.001). Intakes of KO returned to their pre-shift
baseline on day 7, while WT intakes returned to their baseline on day 8. Total daily intakes did
not differ between genotypes at any time during the 12-day period (F(12, 103) = 1.49; P = 0.15)

Figure 3 shows the adjustment of food intake and body weight of Npas2 KO and WT mice to
a 4-hr daily restricted feeding schedule during the light phase. The 24-hr food intake on the
day preceding the food restriction period was used as the baseline (day 0) for analysis of the
restricted feeding data. A two-way repeated measures ANOVA was significant for the main
effect of day (F(16, 153) = 224.4, P < 0.001) but not of group (F(1, 168) = 1.1, P = 0.316). The
interaction of group by day was significant (F(6, 153) = 3.2, P <0.001). With post hoc analysis,
WT and KO mice were determined to be different only on day 6. Neither KO nor WT mice
normalized their body weight during the 16 day restricted feeding period. Body weight
(expressed as percent change from baseline) was significant for the main effect of group (F[1,
88] = 5.7, P = 0.043), day (F [8, 81] = 104.1, P <0.001) and their interaction (F[8, 81] = 2.8, P
= 0.01). Body weights of WT and KO groups differed significantly from each other from day
8 onward. Bothe WT and KO mice differed significantly from their own baselines from day 2
onward.

Responses of KO and WT mice to overnight (16 hr) food deprivation are shown in Figure 4.
The food consumed in the 4-hr test after deprivation were similar (KO 1.11 ± 0.06 g versus
WT 1.16 ± 0.06 g; P = 0.51). Body weights at the start of the fast were also similar (KO 33.58
± 0.61 g versus WT 35.51 ± 0.96 g; P = 0.1). However, the loss in body weight due to deprivation
differed significantly between groups (KO -2.88 ± 0.12 g versus WT -2.58 ± 0.07 g, P = 0.04).
Npas2 KO mice lost a greater percentage of their body weight after food deprivation (KO
-8.61% ± 0.37% versus WT -7.31 % ± 0.23%, P = 0.01).

Core body temperature, activity, food intake, and body weight of each mouse was measured
daily during cold exposure (Figure 5). Both WT and KO mice maintained normal core
temperature even at 4° C ambient temperature and were not different from each other
(F(9, 72) = 0.69; P = 0.72). Although there was a significant effect of ambient temperature on
activity (F = 8.3; P < .001), activity did not differ significantly between genotypes during the
experiment. However, there was an interesting suggestion that activity was differentially
increased in the KO mice on the day that the ambient temperature was initially lowered. WT
and KO mice increased their daily food intake (F(9, 79) = 62.74; P < 0.001) to a similar degree
during cold exposure (F(9, 79) = 0.56; P = 0.83), reaching a plateau after 4 days of exposure to
4° C ambient temperature. Mice gained body weight during cold exposure (F(9, 79) = 10.61; P
< 0.001), except for a slight drop in the first two days at 4° C. Neither body weight at the
beginning of the test (26.3 ± 0.6 g versus 25.1 ± 0.2 g; P = 0.11) nor weight change during cold
exposure (F(9, 79) = 0.32; P = 0.97) differed by genotype.

3.3. Responses to acute metabolic challenges
Responses to acute blockade of glucose and fatty acid utilization are shown in Figure 6. Blood
glucose response to 500 mg/kg 2DG, tested in the absence of food, did not differ between WT
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and KO mice at any time point (F(6, 181) = 0.41; P = 0.87). Both groups responded robustly
with hyperglycemic responses that peaked 60 - 90 min and returned to baseline 240 min after
2DG injection (F(6, 181) = 110.33, P < 0.001). Food intake was also significantly increased in
both KO and WT mice in response to 250 mg/kg of 2DG, insulin-induced hypoglycemia and
MA. There were no differences in any test or time point due to genotype (WT versus KO with
2DG, F(1, 31) = 0.09, P = 0.77; insulin, F(1, 31) = 0.57, P = 0.46; or MA, F(1, 31) = 0.003, P =
0.96 by three-way ANOVA). Food intake after 500 mg/kg of 2DG was also examined in a 4-
hr test. Both genotypes increased their food intake (F(1, 14) = 14.476, P = 0.009) to a similar
extent in response to this 2DG dose, F(1, 14) = 0.263, P = 0.627 (data not shown).

4. Discussion
Under standard laboratory conditions, consisting of a 12h:12h light-dark cycle and ad
libitum access to food, Npas2 KO and WT mice were similar in their responses to a number
of acute and chronic metabolic challenges. Genotypes did not differ with respect to diurnal
rhythm in blood glucose or feeding, in their total daily caloric intake, or in their blood glucose
response to 2DG. Body weights measured at 6, 7, 8 and 9 months of age did not differ between
genotypes. Neither did body length and composition differ between adult littermates of the two
genotypes. Likewise, feeding in response to acute metabolic challenges, including 2DG-
induced or insulin-induced glucoprivation and MA-induced reduction of fatty acid oxidation,
did not differ between genotypes. Moreover, NPAS2 deletion did not impair the feeding
response or the ability to maintain core body temperature and body weight during chronic
hypothermic challenge. The normal responses to these challenges indicate that Npas2 KO mice
are capable of detecting both acute and chronic metabolic challenges of various sorts and of
using the associated cues to organize compensatory feeding responses.

Npas2 KO mice remained sensitive to photic cues. Indeed, they were significantly more
efficient than WT mice in adapting their food intake to the 10 hr phase shift. A similar finding,
reported previously, showed that Npas2 KO mice adapted their activity schedules more rapidly
than WTs to a phase shift (12). This enhancement may suggest that the Npas mutant mice have
an increased responsiveness to photic cues. Recent work has indicated that Npas2 in the
suprachiasmatic nucleus can compensate for the loss of Clock in maintaining circadian rhythms
(26). Therefore, it is possible that the more rapid adaptation to phase shift in the present
experiment reflects a compensatory response to Npas2 mutation in critical areas by other
photically-driven clock genes, such as Clock. Alternatively, the enhanced entrainment to phase
shift may indicate that the mutant mice have a weaker entrainment of their feeding behavior
to the previous light/dark schedule.

In contrast to their enhanced adaptation to phase shift, Npas2 KO mice responded with more
difficulty than WT mice to a 4-hr restricted feeding schedule during the light phase, as was
also reported previously (12). Although food intake did not differ between genotypes, except
on a single day, KO mice lost significantly more weight than WT during restricted feeding.
The KO mice in our study were not as severely impaired in their response to restricted feeding
as in that study, where mice had access to a running wheel during restricted feeding. However,
our results reveal that even without running wheel access, and when consuming the same
amount of food as WT, the KO mice had more difficulty maintaining body weight during
restricted feeding than WT controls. Moreover, the KO mice lost more body weight than WTs
even in response to a single overnight food deprivation period, and despite the fact that both
groups ate the same amount of food in the 4-hr test at the end of the deprivation period.

The reason for these differences between genotypes in ability to maintain body weight is
presently unclear, but it seems unlikely that it is due to differences in either general activity or
metabolic rate. Our Npas2 KO mice were indistinguishable from WTs across their life span
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with respect to body weight, length and composition, diurnal distribution of feeding and total
daily food intake. In addition, the activity levels measured over several days during normal
ambient temperature and cold exposure did not differ significantly between KO and WT mice.
This would suggest that an increase in level of activity in the KO mice, if present, is related
specifically to food deprivation. If so, this would strengthening the hypothesis that NPAS2
plays a role in coordinating activity level with feeding schedule (12,27). Alternatively, the
robust expression of Npas2 in liver and other peripheral tissues (1,18-20) suggests the
alternative possibility that Npas2 is involved in the temporal coordination of metabolically
important visceral functions involved in digestion, absorption, storage and mobilization of
ingested nutrients. If loss of this gene impairs the coordination of these functions, the KO mice
would be more vulnerable to changes in food availability or feeding schedule.

NPAS2 deletion produced significant impairment in the ability of the KO mice to maintain
body weight during restricted feeding and overnight food deprivation but does not impair the
ability to control food intake in response to acute metabolic or thermal challenges. The fact
that NPAS2 deletion impaired the ability of animals to adapt efficiently to an altered feeding
schedule is consistent with the hypothesis that NPAS2 is required for effective control of a
food entrainable oscillator. However, our data also indicate that this gene is not involved
directly in monitoring metabolic signals for control of ingestion.
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Figure 1.
Food intake and blood glucose level under ad libitum feeding conditions in WT and Npas2 KO
mice. A, day time, night time, and 24-hour food intake of age-matched WT (n = 15) and
Npas2 KO (n = 16) mice. B, blood glucose levels in WT (n = 10) and KO (n = 12) mice measured
at 4-hr intervals across a 12: 12 light/dark cycle. Blood glucose levels showed a significant
peak 4 hr into the light phase, but values did not differ between genotypes at any time point.
* P < 0.05 versus other ZT points in WT; # P < 0.05 versus other ZT points in KO mice. ZT,
Zeitgeber time.
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Figure 2.
Food intake of WT (n = 15) and KO (n = 16) mice during the dark phase and light phase after
a 10-hr dark phase advance. Ratios of feeding at lights on versus light off in a 12-day period
after the advance are shown in A. Both genotypes adjusted their food intake to the new light/
dark schedule, but KO mice adapted more quickly than WT mice. Groups differed significantly
from day 2 until day 7. Intakes of KO returned to their pre-shift baseline on day 7, while WT
intakes returned to their baseline on day 8. Total daily intakes (B) did not differ between
genotypes at any time during the 12-day period. In both A and B, the day 0 value is the mean
of the intakes for the 4 days immediately preceding the phase advance. #P < 0.05, KO versus
WT; **P < 0.001, KO vs KO baseline; *P < .05, WT versus WT baseline.
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Figure 3.
Food intake (A) and body weight (B) in WT (n = 17) and Npas2 KO (n = 14) mice during a
16-day period during which food access was restricted to a 4 hr period during the light phase
(10AM - 2PM). Food intake did not differ significantly between WT and KO mice, except on
day 6. Body weight (measured at 10AM each day before food was given) was significantly
reduced from baseline in both groups beginning on day 2, and the body weight loss was
significantly greater in KO mice from day 8 onward. Neither group recovered their body weight
to baseline levels during the restricted feeding. * P < 0.05 KO versus WT.
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Figure 4.
Food intake and body weight loss in WT (n = 17) and Npas2 KO (n = 13) mice after 16 hr
overnight food deprivation. A, feeding measured in a 4-hour test after the fast did not differ by
genotype (P = 0.51). B, body weights before the fast did not differ between WT and KO mice
(P = 0.1). C, body weight lost after a 16-hr overnight fast was expressed as percentage of the
initial weight. KO mice lost significantly more weight than WT after the fast. * P < 0.05 KO
vs. WT.
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Figure 5.
Adaptation of WT (n = 4) and KO (n = 4) mice to hypothermic challenge. A, core temperature
did not differ between WT and KO mice at any time during the period of cold exposure. B,
daily food intake (FI) increased as environmental temperature decreased, but was similar
between genotypes. C, daily activity was measured continuously throughout the experiment
and did not differ due to genotype. D, body weights (BW) did not differ between WT and KO
mice either prior to or during cold exposure. Both WT and KO mice gained body weight during
their exposure to cold.
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Figure 6.
Responses to acute metabolic challenges in WT and Npas2 KO mice. The hyperglycemic
response to systemic 2DG (500 mg/kg), tested in the absence of food, did not differ between
WT (n = 13) and KO mice (n = 13) in A. Food intake was measured 2 and 4 hr after 2DG (250
mg/kg, s.c.) (B), a hypoglycemic dose of insulin (3 U/kg, s.c.) (C), MA (68 mg/kg, i.p.) (D).
Saline (0.9%) was injected as control. Both KO (n = 11) and WT (n = 11) mice increased their
food intake above baseline in response to all metabolic challenges, but the responses did not
differ between phenotypes. *P < .05, within group drug vs saline.
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Table 1

Body weight of Npas2 KO and WT mice at various ages.

Genotype 6 mo 7 mo 8 mo 9 mo

WT 30.1 ± 1.1 30.8 ± 1.1 31.2 ± 1.2 31.6 ± 1.9

KO 29.7 ± 1.6 30.6 ± 1.5 30.7 ± 1.6 30.6 ± 1.5

Body weights are expressed as mean ± SEM (g).
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Table 2

Body weight, length and composition of Npas2 KO and WT littermates.

Genotype Body Length (mm) Lean Mass + BMC Fat (g) Body Weight (g)

WT 85.3 ± 0.6 26.5 ± 0.9 6.8 ± 0.7 33.5 ± 1.1

KO 86.0 ± 0.4 27.8 ± 0.6 8.6 ± 1.0 36.3 ± 1.1

Values are expressed as means + SEM. Body length is distance from nose to base of tail. BMC is bone mineral content.
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