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Abstract

Members of the neuropeptide Y (NPY) family acting via Y2 and/or Y4 receptors have been 

proposed to participate in the control of ingestive behaviour and energy homeostasis. Since these 

processes vary between day and night, we explored the circadian patterns of locomotor, 

exploratory and ingestive behaviour in mice with disrupted genes for Y2 (Y2−/−) or Y4 (Y4−/−) 

receptors. To this end, the LabMaster system was used and its utility for the analysis of changes in 

circadian activity and ingestion caused by gene knockout evaluated. Female animals, aged 27 

weeks on average, were housed singly in cages fitted with sensors for water and food intake and 

two infrared frames for recording ambulation and rearing under a 12 h light/dark cycle for 4 days. 

Relative to WT animals, diurnal locomotion, exploration, drinking and feeding were reduced, 

whereas nocturnal locomotion was enhanced in Y2−/− mice. In contrast, Y4−/− mice moved more 

but ate and drank less during the photophase, while they ate more and explored less during the 

scotophase. Both Y2−/− and Y4−/− mice weighed more than WT mice. These findings attest to a 

differential role of Y2 and Y4 receptor signalling in the circadian control of behaviours that 

balance energy intake and energy expenditure. These phenotypic traits can be sensitively and 

continuously recorded by the LabMaster system.
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INTRODUCTION

Neuropeptide Y (NPY) is one of the most widely distributed peptide messengers in the 

mammalian brain. Its many functional implications include the control of mood, anxiety, 

stress sensitivity, cognition, seizure activity and energy homeostasis (Eva et al., 2006; 

Heilig, 2004; Karl and Herzog, 2007; Kask et al., 2002; Lin et al., 2004; Vezzani et al., 
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1999). Haplotype-driven expression of NPY in humans predicts brain responses to 

emotional and stress challenges and inversely correlates with trait anxiety (Zhou et al., 

2008). The physiological actions of NPY are mediated by several G protein-coupled 

receptors, five of which (Y1, Y2, Y4, Y5 and y6) have been elucidated at the gene and 

protein level (Michel et al., 1998; Redrobe et al., 2004a). Apart from NPY, Y receptors are 

also targeted by peptide YY (PYY) and pancreatic polypeptide. PYY is thought to be an 

intestinal satiety signal, and the major circulating form of this peptide, PYY(3-36), reduces 

food intake in rodents and humans primarily via binding to autoinhibitory Y2 receptors in 

the arcuate nucleus of the hypothalamus (McGowan and Bloom, 2004; Ueno et al., 2008).

The functional implications of Y receptors have been explored by gene knockout approaches 

and, where available, pharmacological antagonism of Y receptors. Anxiety-and depression-

like behaviour is significantly reduced in Y2 receptor knockout (Y2−/−) mice (Redrobe et 

al., 2003; Tschenett et al., 2003), and a similar anxiolytic and antidepressant phenotype has 

been observed in Y4 receptor knockout (Y4−/−) mice (Painsipp et al., 2008; Tasan et al., 

2009). Body weight (BW) and adiposity are decreased in one strain (Sainsbury et al., 2002a) 

but increased in another strain of Y2−/−mice (Naveilhan et al., 1999). Food intake is 

enhanced in either strain of Y2−/− mice (Lin et al., 2004; Naveilhan et al., 1999; Sainsbury 

et al., 2002a). In contrast, BW, adipose tissue mass and food intake are significantly reduced 

in Y4−/− mice (Sainsbury et al., 2002b).

Locomotion, exploration, water and food intake are activities subject to circadian regulation. 

Although Y2 receptor signalling has been found to modulate the circadian clock (Gribkoff et 

al., 1998; Yannielli and Harrington, 2001), the effect of Y2 and Y4 receptor gene knockouts 

on the circadian cycle of locomotion, exploration and ingestive behaviour has not yet been 

examined in a systematic manner. The LabMaster system (TSE Systems, Bad Homburg, 

Germany) makes it possible to record the circadian patterns of activity and ingestion for 

prolonged periods of time while the animals remain completely undisturbed. It was the first 

aim of this study to evaluate the utility and potential of this system in the circadian 

phenotyping of genetically modified mice. The second aim of the study was to characterize 

the circadian pattern of locomotion, exploration, drinking and feeding specifically in female 

Y2−/− and Y4−/− mice, relative to wild-type (WT) mice, in order to analyze how energy 

intake and energy expenditure are under the regulatory control of Y2 and Y4 receptors.

METHODS

Experimental animals

The study was conducted with female mice of the WT, Y2−/− and Y4−/− genotypes. They 

all were generated from the same founders on the same mixed C57BL/6:129/SvJ (50 %:50 

%) background has been described previously (Sainsbury et al. 2002a, 2002b). The presence 

or deletion of Y2 and Y4 receptors was verified by polymerase chain reaction (Sainsbury et 

al., 2002a, 2002b). Homozygous animals were bred at the Institute of Pharmacology of the 

Medical University of Innsbruck. The breeding scheme included back-crossing of the 

knockout animals with WT mice approximately every 5th generation. After their transfer to 

Graz, the animals were allowed to acclimatize in the animal house of the Medical University 
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of Graz for a minimum of 4 weeks. All experiments were carried out at the Institute of 

Experimental and Clinical Pharmacology of the Medical University of Graz.

Before the experiments, the animals were housed in groups of 2 – 5 per cage, whereas in the 

experiments they were kept singly in the test cages. In either case, the animals were 

maintained under controlled temperature (set point 24 °C), controlled relative air humidity 

(set point 50 %) and a 12 h light/dark cycle (lights on at 07:00 h, lights off at 19:00 h). All 

experiments were approved by an ethical committee at the Federal Ministry of Science and 

Research of the Republic of Austria and conducted according to the Directive of the 

European Communities Council of 24 November 1986 (86/609/EEC). The experiments were 

designed in such a way that the number of animals used and their suffering was minimized.

LabMaster system

The circadian pattern of locomotion, exploration, drinking and feeding was assessed with 

the LabMaster system (TSE Systems, Bad Homburg, Germany), which allowed continuous 

recording of these parameters (Theander-Carrillo et al., 2006) for up to 10 days while the 

animals remained undisturbed by any investigator. The system consisted of six recording 

units, each unit comprising a test cage (type III, 42 cm x 26.5 cm x 15 cm, length x width x 

height), two external infrared frames and a cage lid fitted with two weight transducers. 

These devices were connected to a personal computer which was used to collect and analyze 

the data with the LabMaster software. The hardware sampling rate at the infrared frames 

was 100 Hz, while that at the drinking and feeding sensors was 1 Hz. In contrast, the 

minimal sampling interval of the LabMaster software was 1 min, which means that the 

recordings taken by the hardware over 1 min (6,000 and 60, respectively) were summed up 

at 1 min intervals. In other terms, 720 values of each test parameter were collected over a 12 

h interval.

The two weight transducers were employed to quantify ingestive behaviour. To this end, a 

feeding bin filled with standard rodent chow (altromin 1324 FORTI; Altromin, Lage, 

Germany) and a drinking bottle filled with tap water were each attached to a transducer on 

the cage lid, and the animals were allowed to drink and feed ad libitum. The drinking flasks 

were equipped with a special nipple that prevented the spontaneous leaking of water from 

the bottle. Water and food intake over time was measured in ml and g, respectively. For data 

analysis, the amount of water and food ingested over select time intervals was normalized to 

the BW of animals (ml/g BW, g/g BW).

For recording locomotion and exploration, the two external infra-red frames were positioned 

in a horizontal manner above one another at a distance of 4.3 cm, with the lower frame being 

fixed 2.0 cm above the bedding floor. The bottom frame was used to record horizontal 

locomotion (ambulatory movements) of the mice, while the top frame served to record 

vertical movements (rearing, exploration). The measures of activity (locomotion, 

exploration) were derived from the light beam interruptions (counts) of the corresponding 

infra-red frames. An ambulatory movement was defined as temporally subsequent 

interruption of any two different light beams in one axis, and the total locomotor activity 

was calculated by summing up the counts in both the x- and y-axes over select time 

intervals.
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Experimental protocols

In order to enable the mice to adapt to the test room conditions, the group-housed animals 

were transferred to the test room at least one week before the experiments in the LabMaster 

system were started on day 0. Two to three days before day 0, the group-housed animals 

were also habituated to the drinking bottles used in the LabMaster system. On day 0, the 

mice were weighed and then placed singly in the test cages and maintained there for up to 4 

days. The light intensity in the centre of the test cages during the photophase was 230 – 340 

lux.

The transfer of the animals to the test cages took place in the morning or early afternoon of 

day 0. The remaining photophase and the following scotophase of day 0 were allowed for 

habituation of the mice to the novel environment and, for this reason, were not included in 

the statistical analysis of the results, although the data of scotophase 0 are shown to illustrate 

the circadian time course of the test parameters.

Given the multitude of values (720) collected for each test parameter during a 12 h interval, 

the results were subjected to the following data reduction procedure. First, the data for each 

test parameter and animal collected during the photophase of days 1 and 2 as well as the data 

collected during the scotophase of days 1 and 2 were summed up. The respective sum values 

for the photophase and scotophase on days 1 and 2 were then averaged for each animal. 

Finally, the mean values of each test parameter during the photophase and scotophase were 

used for statistical analysis of differences between the genotypes.

Statistics

Statistical analysis was performed on SPSS 15.0 (SPSS Inc., Chicago, IL, USA). 

Explorative data analysis revealed a violation of normality assumptions for most of the test 

parameters. Statistical analysis was therefore performed with non-parametric test 

procedures. Statistical differences among genotypes were determined with Kruskal-Wallis 

one-way ANOVA for the respective test parameters. Post-hoc analysis of group differences 

was performed with the Mann-Whitney U test, the P values being adjusted for multiple 

comparisons with the Bonferroni correction. In view of the exploratory nature of this study, 

P values ≤ 0.1 (Kirk, 1995) were considered to be statistically significant. All data are 

presented as means ± SEM, n referring to the number of mice in each group.

In order to test for any effect of the body weight on locomotion and exploration, a two-way 

analysis of covariance (ANCOVA) for repeated measures was carried out, in which the 

factors genotype and time (photophase and scotophase) were analyzed along with the 

covariable body weight. Although being parametric, this test was chosen because the 

violation of normality assumptions can be explained by the relatively small number of 

animals in each group and because the F statistics are relatively robust against this kind of 

violation (Kirk, 1995).
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RESULTS

General observations

The experiments were carried out with adult mice as defined by Crawley (2000), i.e., mice 

aged 6.2 ± 0.2 months (mean ± SEM, n = 74). Their average BW was 23.3 ± 0.2 g (mean ± 

SEM, n = 74), but there was a significant difference in the BW between the three genotypes 

under study, both before and after the trials (Figure 1). Thus, Y2−/− and Y4−/− mice 

weighed significantly more than the respective WT mice at the beginning and end of the 

experiments. During the test session all animals lost weight to a similar extent, this change 

being similar in all three genotypes.

Locomotion and exploration

Circadian pattern—The locomotor (ambulatory) and exploratory (rearing) behaviour as 

recorded during the scotophase of days 0, 1 and 2 and the photophase of days 1 and 2 

showed a characteristic circadian time course (Figure 2A,B). As was expected for nocturnal 

animals, the activity of the mice was considerably higher during the scotophase than during 

the photophase. While this circadian pattern of activity was seen in all genotypes, the 

magnitude of nocturnal activity differed with the genotype (Figures 2 and 3). It is worth 

noting hat the peak of nocturnal ambulation in all three genotypes tended to decrease over 

the course of the experiment (Figure 2A). This was also true for nocturnal rearing in Y4−/− 

mice, whereas in WT and Y2−/− mice nocturnal rearing tended to increase from day 0 to 

day 1 (Figure 2B). The different behaviour during the scotophase of day 0 was interpreted as 

a response to the novel environment of the test cages. For this reason, the observations made 

during the dark phase of day 0 were excluded from further analysis.

Time course—Locomotor activity during the scotophase was markedly higher in Y2−/− 

mice than in WT and Y4−/− mice (Figure 2A). Ambulation peaked during the first quarter 

of the night in all genotypes, while the subsequent decline of ambulation was much more 

pronounced in Y2−/− mice than in WT and Y4−/− mice (Figure 2A). During the photophase 

locomotor activity was very low in all three genotypes (Figure 2B). It is noteworthy, 

however, that Y2−/− mice were the least active animals during the light phase whereas Y4−/

− mice appeared to be most active ones (Figure 2A).

Like locomotion, nocturnal exploration peaked during the first quarter of the night and 

subsequently declined in both Y2−/− and Y4−/− mice, while in WT mice rearing was 

maintained at a plateau level during the first half of the scotophase (Figure 2B). The 

magnitude of nocturnal exploration was lowest in Y4−/− mice, whereas that in Y2−/− mice 

was similar to that in WT mice. Diurnal rearing activity was very low and indistinguishable 

between the three genotypes (Figure 2B).

Quantitative differences—Quantitative estimates of locomotor and exploratory activity 

during the photo- and scotophase in WT, Y2−/− and Y4−/− mice were obtained by summing 

up the counts of light beam crossings for the whole photophase and scotophase, respectively, 

and averaging the counts of experimental days 1 and 2.
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Relative to WT mice, diurnal ambulation and rearing was significantly reduced in Y2−/− 

mice, whereas nocturnal locomotion was significantly enhanced and nocturnal rearing 

remained unchanged (Figure 3A,B). In contrast, Y4−/− mice moved more during the light 

phase and explored less during the dark phase, compared with WT mice, while their diurnal 

exploration and nocturnal locomotion stayed unchanged (Figure 3A,B). It also turned out 

that Y2−/− and Y4−/− mice differed from each other in all parameters of circadian 

ambulation and rearing (Figure 3A,B).

When the results were subjected to two-way ANCOVA for repeated measures, with the 

body weight measured at the beginning of the trials as covariable, the residual variance 

remained unchanged and the genotype-related differences in locomotion and exploration 

were preserved. It follows that the differences in ambulation and rearing between WT, Y2−/

− and Y4−/− mice appeared to be independent of the body weight.

Ingestive behaviour

Time course—As was seen for locomotion and exploration, drinking and feeding followed 

a characteristic circadian pattern, with the highest activity occurring during the scotophase 

(Figure 4A,B). Although the circadian time course of water and food intake in the different 

genotypes under study showed considerable overlap, it is worth noting that the ingestive 

behaviour of WT and Y2−/− mice peaked roughly in the middle of the dark phase, whereas 

that of Y4−/− mice reached a maximum already in the first quarter of the night (Figure 

4A,B). Of further note is the finding that the ingestive behaviour of WT mice increased 

progressively during the second half of the photophase, a process that was blunted in Y2−/− 

and Y4−/− mice (Figure 4A,B).

Quantitative differences—Quantitative estimates of drinking and feeding during the 

photo- and scotophase in female WT, Y2−/− and Y4−/− mice were obtained by summing up 

the consumption rates for the whole photophase and scotophase, respectively, and averaging 

the counts of experimental days 1 and 2. The consumption rates were expressed relative to 

the BW determined at the beginning of the experiments.

Y2−/− mice ate and drank significantly less than WT mice during the photophase, whereas 

nocturnal ingestion tended to be increased, albeit without statistical difference (Figure 

5A,B). In addition, the water intake of Y2−/− mice during the photophase was significantly 

less than that of Y4−/− mice. Compared with WT mice, diurnal drinking and feeding was 

likewise decreased in Y4−/− mice, whereas nocturnal feeding, but not drinking, was 

significantly enhanced in these animals (Figure 5A,B).

Statistical analysis of the cumulative daily food intake failed to reveal any statistical 

difference between the three genotypes under study (data not shown).

DISCUSSION

General considerations

The overall aim of this study was to test the potential of the LabMaster system in the 

evaluation of changes in the circadian cycle of activity and ingestion caused by gene 
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knockout. The specific aims were to explore whether the circadian pattern of locomotion, 

exploration, drinking and feeding differs between WT, Y2−/− and Y4−/− mice. The main 

results show that knockout of Y2 and Y4 receptors modifies locomotor, exploratory and 

ingestive behaviour in a differential circadian cycle-related manner. These data have a direct 

bearing on the proposed implications of the Y2 and Y4 receptor systems in energy 

homeostasis. By simultaneously recording feeding, drinking, locomotion and exploration it 

is possible to obtain information on the balance between energy intake and mobility-

associated energy expenditure, parameters that are affected by appetite/satiety and have an 

impact on BW.

Considerable information on the implications of peptides acting via Y2 and/or Y4 receptors 

in the control of locomotion has been obtained from tests of emotional-affective behaviour 

(Painsipp et al., 2008; Redrobe et al., 2003; Tasan et al., 2009; Tschenett et al., 2003), many 

of which rely on the recording of locomotor and exploratory activity during a limited period 

of observation (Belzung and Griebel, 2001). However, these test paradigms represent 

stressors that are likely to bias the study results as, for instance, the anorectic effect of 

intraperitoneally injected PYY(3-36), a preferential Y2 receptor agonist, is inhibited by 

stress (Halatchev et al., 2004). To avoid these limitations, we recorded ingestive and motor 

behaviour continuously for several days while the animals were left undisturbed in the same 

cage.

While the LabMaster system allows to continuously record ingestive and motor activity and 

to analyze the circadian pattern of these activities, it has the disadvantage that the animals 

need be socially deprived and kept singly in the test cages. There is evidence for a gender-

related difference in the reaction to single housing which appears to be a stressor for female, 

but not male, mice (Palanza et al., 2001). This issue need be kept in mind when the current 

results are compared with data in the literature, most of which were obtained in male 

animals. This instance and the observation that male and female Y2−/− mice differ in their 

food intake (Sainsbury et al., 2002a) were the reasons why we chose to examine female 

mice in the current study. In addition, the circadian locomotor behaviour of male Y2−/− and 

Y4−/− mice has been reported by Tasan et al. (2009). Since an important aspect of our study 

was to record the activity of the animals undisturbed by any investigator, the estrous cycle 

was not determined. We consider it unlikely that our data were significantly biased by this 

potentially confounding factor because the experiments were performed in the strict absence 

of any male mice and because we know that estrus synchronicity occurs in 53 – 80 % of 

female mice both within the same and across different cages (Painsipp et al., 2007).

There are several possibilities to explore the implications of the Y2 and Y4 receptor systems 

in ingestive and motor behaviour. The pharmacological approach involving selective 

receptor agonists and/or antagonists provides direct information on the acute biological 

effects of Y2 and Y4 receptor manipulation, but is limited if the long-term involvement of 

these receptor systems in energy homeostasis and BW is investigated. Apart from the 

disturbances that the administration of drugs per se may cause, the short-term effects of Y2 

or Y4 receptor ligands may not be representative of the long-term implications of the Y2 and 

Y4 receptor systems in energy balance. For this reason, we chose a genetic approach 

involving germline Y2−/− and Y4−/− mice. Although the study data attest to distinct roles 
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of the Y2 and Y4 receptor systems in energy homeostasis, it must not be neglected that 

developmental compensations may mask the full extent of their function. Another limitation 

of the present study may be the homozygous breeding scheme, although we think it unlikely 

that this factor introduced a significant source of error, given that the knockout animals were 

back-crossed with WT mice approximately every 5th generation.

Circadian locomotion and exploration

The circadian cycle of ambulation and rearing was differentially altered in female Y2−/− 

and Y4−/− mice and, importantly, there was a dissociation of the locomotor and exploratory 

activities. In addition, there were some distinct variations in the time course of ambulation 

and rearing. It is important to note that the current data reveal a gender difference, because 

locomotion of male Y2−/− and Y4−/− mice, averaged over 24 h, was found unchanged, 

although subtle differences in the time course of nocturnal ambulation between male control 

and Y4−/− mice were observed (Tasan et al., 2009).

The reduced locomotor and exploratory activity of female Y2−/− mice during the 

photophase is at variance with the behaviour which these animals display in the open field 

and on the elevated plus maze. In these tests, locomotion was found to be unchanged or 

enhanced (Painsipp et al., 2008; Redrobe et al., 2003, 2004b; Tasan et al., 2009; Tschenett et 

al., 2003), which is likely to represent a novelty-induced reaction. This conclusion is 

deduced from the finding that ambulation of female Y2−/− mice acutely exposed to the test 

cages of the LabMaster system on day 0 is much higher than on day 2 when the animals 

have habituated to the test cage environment (Painsipp et al., 2008). While Y2−/− mice 

acutely placed in the test cages do not differ from control mice in their locomotion, they 

move significantly less than control mice on day 2 (Painsipp et al., 2008) as was also found 

in the current study. Furthermore, the attenuation of diurnal exploration need be seen in the 

light of reduced attentional functioning and enhanced impulsivity in Y2−/− mice (Greco and 

Carli, 2006). Together with the finding that female Y2−/− mice moved more during the 

scotophase in the absence of any change in exploration, the current data indicate that Y2 

receptor stimulation by endogenous ligands attenuates the circadian pattern of locomotor 

and exploratory activity. In addition, our observations emphasize that circadian phase is 

important to consider in the phenotyping of animals with regard to behaviours that undergo 

a circadian cycle (Beeler et al., 2006).

Unlike Y2−/− mice, female Y4−/− mice moved more during the light phase in the absence 

of a change in rearing, yet explored less during the dark phase without any change in 

nocturnal locomotion. Y4−/− mice of either gender display an immediate increase in 

locomotion when, during the photophase, they are exposed to the open field or elevated plus 

maze test paradigms or when they are placed in the test cages of the LabMaster system 

(Painsipp et al., 2008; Tasan et al., 2009). The current data indicate that this novelty-evoked 

increase in diurnal ambulation is maintained, although at a significantly lower level 

(Painsipp et al., 2008), following habituation. Taken all observations together, Y4 receptor 

signalling appears to be involved in the regulation of diurnal ambulation and nocturnal 

rearing, which is distinct from the role of Y2 receptor signalling in the circadian cycle of 

locomotion and exploration.
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Ingestive behaviour and body weight

In parallel with reduced locomotion and exploration during the light phase, Y2−/−mice ate 

and drank significantly less than WT mice during the photophase. In contrast, the enhanced 

locomotion during the dark phase was associated only with a nominal trend towards 

increased ingestion, and the cumulative daily ingestion of water and food was not 

significantly altered. Since the circadian cycle-related changes in ingestive behaviour were 

associated with a significant increase in BW, it follows that the balance between energy 

intake and mobility-associated energy expenditure in Y2−/− mice is altered in favour of 

energy storage. This conclusion is of relevance to the proposed role of Y2 receptor 

signalling in the regulation of appetite and energy homeostasis (Lin et al., 2004; McGowan 

and Bloom, 2004). Y2 receptor agonists have been found to reduce food intake, metabolic 

rate and body weight gain during the light and dark phase (Balasubramaniam et al., 2007; 

Halatchev et al., 2004; McGowan and Bloom, 2004), but these results are not fully 

congruent with the outcome of the current and other Y2 receptor knockout studies. 

Naveilhan et al. (1999) reported that food intake and BW are enhanced in female Y2−/− 

mice aged 9-10 weeks, while their activity is reduced. In contrast, mice made deficient in Y2 

receptors by the same deletion strategy on the same strain background as those used here 

were found to be underweight and less adipose despite an increase in cumulative daily food 

intake (Sainsbury et al., 2003, 2002a). The difference between these and the current findings 

are not fully understood but seem to be in part age- and gender-dependent. Thus, cumulative 

daily food intake was increased in female Y2−/− mice aged 8 – 12 weeks, while in male 

Y2−/− mice it was either enhanced at the age of 8 weeks or remained unchanged at the age 

of 8 - 16 weeks (Sainsbury et al., 2006, 2002a). The female mice used here were on average 

27 weeks old, when cumulative daily food intake was no longer different from that of WT 

mice and BW was increased due to a shift towards energy storage.

Compared with WT mice, diurnal drinking and feeding in Y4−/− mice was decreased along 

with increased locomotion, whereas nocturnal feeding, but not drinking, was significantly 

enhanced along with attenuated exploration. Although cumulative daily intake of water and 

food remained unaltered, the BW of Y4−/− mice was significantly increased. These data 

suggest that Y4 receptor deletion, like Y2 receptor knockout, shifts the energy balance 

towards storage rather than expenditure. The effect of Y4 receptor knockout on ingestion 

and BW may also be age- and gender-dependent, given that particularly in male Y4−/− mice 

aged 16 weeks or less cumulative daily intake of food was found to be decreased 

concomitantly with a reduction in BW gain (Sainsbury et al., 2003, 2002b). In another study, 

however, feeding in male Y4−/− mice aged 16 weeks or less was enhanced in the absence of 

any BW change (Sainsbury et al., 2006), whereas in the female Y4−/− mice used here, aged 

27 weeks on average, BW was enhanced in the absence of a significant change in 

cumulative daily food intake. The outcome of Y4 receptor knockout studies can only in part 

be reconciled with the ability of Y4 receptor agonists to inhibit food intake and body weight 

gain (Balasubramaniam et al., 2007; Halatchev et al., 2004; McGowan and Bloom, 2004). 

Since the circulating pancreatic polypeptide is elevated in both Y2−/− and Y4−/− mice, it 

has been hypothesized that the changes in energy homeostasis caused by Y2 or Y4 receptor 

knockout could in part be brought about by this preferential Y4 receptor agonist (Sainsbury 

et al., 2003, 2002a, 2002b).
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During the test session all animals lost weight, which is likely to reflect that single housing 

is stressful to female mice (Palanza et al., 2001) and causes weight loss most likely by 

enhanced metabolic demand (van Leeuwen et al., 1997). The stress of single housing may 

also interfere with ingestive behaviour, given that nocturnal drinking in colony-housed 

female Y2−/− and Y4−/− mice is enhanced (Wultsch et al., 2006), whereas the increase in 

nocturnal drinking in single-housed Y2−/− and Y4−/− mice does not reach statistical 

significance as observed in the current study.

CONCLUSIONS

The current data reveal that knockout of the Y2 and Y4 genes alters the circadian pattern of 

locomotor, exploratory, drinking and feeding behaviour in a differential manner. These 

phenotypic traits can be sensitively and continuously recorded by the LabMaster system 

which in conjunction with alterations in BW provides information on the balance between 

energy intake, storage and expenditure. By analyzing the data of our study three major 

conclusions can be drawn. One, Y2 receptor stimulation by endogenous ligands attenuates 

the circadian pattern of locomotor and exploratory activity. Two, Y4 receptor signalling 

participates in the regulation of diurnal ambulation and nocturnal rearing, which is distinct 

from the role of Y2 receptor signalling. Three, Y2 and Y4 receptor signalling has an impact 

on circadian ingestion and energy homeostasis.
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Figure 1. 
Body weight at the beginning (day 0) and end (day 4) of the experimental trial and weight 

loss during the experimental trial in WT, Y2−/− and Y4−/− mice. The values represent 

means ± SEM, n as indicated below the abscissa. * P ≤ 0.1, ** P ≤ 0.05 vs. WT mice 

(Mann-Whitney U test).
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Figure 2. 
Time course of the circadian (A) locomotor and (B) exploratory activity in WT, Y2−/− and 

Y4−/− mice. The graphs show the counts of light beam crossings summed up at intervals of 

3 h for three consecutive dark phases (shaded areas, experimental days 0, 1 and 2) and two 

intervening light phases (white areas, experimental days 1 and 2). The values represent 

means ± SEM, n as indicated in brackets.
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Figure 3. 
Quantitative estimates of (A) locomotor and (B) exploratory activity during the photo- and 

scotophase in WT, Y2−/− and Y4−/− mice. The bars represent the counts of light beam 

crossings summed up and averaged for the photo- and scotophase, respectively, of 

experimental days 1 and 2. The values represent means ± SEM, n as indicated below the 

abscissa. * P ≤ 0.1, ** P ≤ 0.05 vs. WT mice, ++ P ≤ 0.05 vs. respective parameters in Y4−/

− mice (Mann-Whitney U test).
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Figure 4. 
Time course of the circadian (A) water and (B) food intake in WT, Y2−/− and Y4−/− mice. 

The graphs show the water and food consumption summed up at intervals of 3 h for three 

consecutive dark phases (shaded areas, experimental days 0, 1 and 2) and two intervening 

light phases (white areas, experimental days 1 and 2). Water consumption is expressed as 

ml/g BW, and food intake as g/g BW. The values represent means ± SEM, n as indicated in 

brackets.
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Figure 5. 
Quantitative estimates of (A) water and (B) food intake during the photo- and scotophase in 

WT, Y2−/− and Y4−/− mice. The bars represent the water and food consumption summed 

up and averaged for the photo- and scotophase, respectively, of experimental days 1 and 2. 

Water consumption is expressed as ml/g BW, and food intake as g/g BW. The values 

represent means ± SEM, n as indicated below the abscissa. ** P ≤ 0.05 vs. WT mice, ++ P ≤ 

0.05 vs. respective parameters in Y4−/− mice (Mann-Whitney U test).
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