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Abstract

The suprachiasmatic nuclei (SCN) of the hypothalamus are necessary for coordination of major aspects of circadian rhythmicity in
mammals. Although the molecular clock mechanism of the SCN has been a field of intense research during the last decade, the role of the
neuropeptides in the SCN, including arginine–vasopressin (AVP), vasoactive intestinal polypeptide (VIP) and gastrin-releasing peptide
(GRP), in the clock itself or in circadian organization is still largely unknown. Previous studies mainly performed in the rat have examined
the profiles of AVP, VIP and GRP mRNA and peptide levels and suggested that the AVP rhythm is controlled by the circadian clock, whereas
those of VIP and GRP are directly dependent on lighting conditions. Here, both daily (i.e., under light–dark cycle [LD]) and circadian (i.e.,
in constant darkness [DD]) profiles of neuropeptide mRNA were investigated in the SCN of the nocturnal mouse Mus musculus and the
diurnal rodent Arvicanthis ansorgei to gain insight into a possible role in circadian organization. Our data show that AVP mRNA exhibits a
clear circadian rhythm in the SCN peaking by the end of the subjective day in both species. Contrary to what has been observed in rats,
oscillations of VIP and GRP mRNA in the SCN are found to be clock-controlled in mice and A. ansorgei, but with different phases for peak
expression. While both VIP and GRP mRNA peak during the middle of the subjective night (i.e., with a 6-h lag compared to AVP mRNA) in
mice, they peak almost in phase with AVP mRNA in A. ansorgei. Contrary to what has been reported in the rat, mean levels of VIP and GRP
peptide mRNA levels tended to be increased by light in the mice. The different circadian organization of SCN neuropeptides mRNA profiles
in both light/dark and constant darkness conditions between mice and A. ansorgei could be related with diurnality.
D 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Coordination of physiological and behavioral rhythms in
mammals is under the control of a master circadian clock
located in the suprachiasmatic nucleus (SCN) of the hypo-
thalamus. The molecular clock is comprised of interlocking
transcriptional/post-translational feedback loops involving
clock genes [46]. The expression patterns of these genes
within the SCN are non-uniform : the dorso-median (or shell)
part of the SCN, characterized by the occurrence of arginine–
vasopressin (AVP)-expressing cells, rhythmically expresses
clock genes; but the ventro-lateral part (or core), containing
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mainly vasoactive intestinal polypeptide (VIP) and gastrin-
releasing peptide (GRP) cells, does not [15,20,36,59]. These
data suggest that the neurochemical organization of the SCN
is important for the functioning of the clock and that coupling
mechanisms among individual cell-autonomous oscillators
are necessary [23,37,56].

However, our knowledge on the role of neuropeptides in
the organization of the SCN clock is rather limited. To date,
surveys addressing daily and circadian profiles of these
neuropeptides in the SCN have led, in relative agreement
with the cellular distribution of clock gene expression, to the
conclusion that the shell harbors a true circadian pacemaker
and is responsible for most of the outputs of the clock. By
contrast, the expression of neuropeptides in the core may not
be circadian in nature, but largely dependent upon the
lighting conditions (for review, see Ref. [29]). This is in
agreement with the concept that the core of the SCN plays a
role in the integration of various stimuli, receiving most of the
synaptic inputs coming from the retina (i.e., photic input, Ref.
[21]) and other inputs from elsewhere in the brain (i.e., non-
photic inputs, Ref. [10]). A major role of VIP in circadian
rhythmicity has been recently underpinned in both VIP and
VPAC2 receptor knock-out mice [13,14,22]. Both GRP and
VIP are able to evoke phase-shifts in the rhythm of electrical
activity of the clock in vitro and in vivo [1,4,38,43–45],
maybe through effects on the AVP release [55].

Even though VIP and GRP are candidates to the trans-
mission of the photic input to the shell of the clock, thereby
possibly leading to a phase-shift of rhythms, data regarding
the effects of light on these neuropeptides are, to date, rather
incomplete. The vast majority of the studies examining the
role of light on the mRNA or protein levels of VIP and GRP
have been undertaken in the rat. However, it is not known
whether these results represent a general feature of the clock
organization in rodents. Furthermore, we could find only a

few studies addressing possible day–night or circadian
variations of GRP neuropeptide mRNA levels in the SCN
[28,42,61]. We therefore decided to investigate the profiles of
neuropeptides mRNA in the SCN of two rodents other than
the rat to determine if what was reported in this species could
apply to other rodents. Daily and circadian rhythms of mRNA
encoding AVP, VIP and GRP were assessed by in situ
hybridization in the SCN of the mouse, Mus musculus, and
a diurnal rodent, Arvicanthis ansorgei, bred in our laboratory
[11]. We recently showed that the distribution of clock genes
mRNA [8] as well as the phenotype of cells expressing them
[15] were roughly similar in this diurnal rodent to what can be
observed in nocturnal rodents, such as the mouse [46,59].
Thus, this study also aimed at the comparison between a
diurnal and a nocturnal species to see if a different organiza-
tion in the SCN neuropeptides may be at the roots of the
process mediating diurnality versus nocturnality in rodents.

2. Materials and methods

2.1. Animals

Adult mice (M. musculus, Swiss strain, Charles River,
Lyon, France) and A. ansorgei from our breeding colony
were kept on a 12-h light–12-h dark (LD) regime. A.
ansorgei has been described as a diurnal species [11] (Fig.
1), whereas Swiss mice are nocturnal (Fig. 1). Food and
water were provided ad libitum. One group of mice and one
group of A. ansorgei were transferred to constant darkness
(dim red light, DD) for 2 days. Animals were killed by
decapitation at six time points around daily (zeitgeber time,
ZT) or circadian cycles (circadian time, CT). ZT0 is defined
as the time when lights went on. Four to five animals of both
species and in both lighting conditions (LD or DD) were then

Fig. 1. Representative record of locomotor activity in the Swiss mice strain and A. ansorgei. The animals are housed in a standard LD 12/12 cycle (white and

black bar, top) before they are released (see arrow) in DD (symbolized by the black bar at the bottom). Each line represents wheel-running records that have
been double-plotted from top to bottom. Note that A. ansorgei exhibits a clear diurnal locomotor activity rhythm and only a moderate drift in DD conditions.

Free-run periods (Tau) of these animals are 23.3 h for the Swiss mice and 24.3 h for A. ansorgei.
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killed at ZT (CT) 0, 4, 8, 12, 16 and 20. To avoid any possible
effect of light (i.e., masking effect) at the (subjective) dark to
light transition, animals of the ZT (CT) 0 group were killed
around ZT (CT) 23.5. This slight advance in sampling was
maintained for each time point to circumvent any possible
bias due to varying duration between time points.

2.2. Cloning and radioactive in-situ hybridization

Hybridizations in the mouse were performed using
previously validated rat clones encoding partial cDNAs
for AVP, VIP and GRP [16], whereas hybridizations in A.
ansorgei were performed using dedicated probes. Briefly,
using the same methods and primers used for the cloning of
rat cDNA fragments [16], fragments were PCR-amplified
from A. ansorgei (Aa) SCN cDNAs. Fragments were then
cloned into the PCR-Script cloning vector (Stratagene, La
Jolla, USA) and sequenced (AGOWA sequencing services,
Germany). Sequencing confirmed high homology (between
90% and 94%) of AaAVP, AaVIP and AaGRP fragments
with sequences from other mammals. Sequences have been
deposited in GenBank with the following accession numb-
ers: AaAVP, AY196134; AaVIP, AY225375; and AaGRP,
AY196135. Sense and antisense riboprobes were transcribed
in the presence of labeled nucleotides according to standard
procedures. Antisense and sense probes were transcribed
from the corresponding linearized plasmids using the ap-
propriate polymerase in presence of a[35S]UTP (1250 Ci/
mmol, NEN-Dupond, Zaventem, Belgium) according to the
manufacturer’s protocol (MAXIscript, Ambion, USA). The
in-situ hybridization was performed as described elsewhere
[8]. The slides were exposed to an autoradiographic film
(BioMax, Kodak, France) for 2–3 days (for AVP and VIP
hybridizations) to 7–10 days for GRP hybridization.

All slides (LD and DD conditions) from one species were
hybridized for detection of one given mRNA in the same
run. Quantitative analysis of the autoradiograms was per-
formed using a computerized analysis system (Biocom-
program RAG 200). Relative optical density was measured
in both SCN of the two to three most labeled sections per
animal. A measure in the anterior hypothalamus, where no
labeling is observed for either neuropeptide mRNA, was
also taken for each section. Specific labeling was then
calculated as the difference between measure in the SCN
and in the anterior hypothalamus. No specific labeling was
observed when sense probes were used (not shown).

2.3. Statistical analysis

Normalized data are presented as meanF S.E.M. and
graphs were drawn using the SigmaPlot software. For a
given species (mouse or A. ansorgei), data were analyzed by
two-way analyses of the variance (ANOVA) to compare the
effects of the lighting conditions (LD vs. DD) and the time of
the day. Pairwise post-hoc comparisons of significant effect
( p < 0.05) were made using the Tukey test. Then, a cosinor
analysis was performed using SigmaPlot software in order to
decipher whether effect of time was due to the presence of a
rhythm, and also whether the phase of the rhythms was
affected by the lighting conditions. This analysis, done only
when significant effects of time were found using the two-
way ANOVA (i.e., effect of time alone or interaction
between time and lighting conditions), was performed using
the following equation: y =A+(B!cos(2p(x"C)/24)), where
A is the mean level, B the amplitude and C the acrophase.
The acrophase of the profiles of expression was defined as
the time of occurrence of the maximum in the best-fit curve.
Only significant best-fit parameters ( p < 0.05) were included

Fig. 2. Representative autoradiograms of the radioactive in-situ hybridization for AVP, VIP and GRP in the SCN of the mouse (M. musculus) and A. ansorgei.
For each neuropeptide and species, two different circadian time-points, representing amplitude of the rhythm (if any), are shown. Hybridization was carried out

as described in Section 2. Scale bar: 1 mm.
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in this study. In the case where B and/or C were not
significant, no cosine curve was drawn. For a given gene
in a given species, unpaired Student’s t-test was used for
comparisons of the acrophases between the two lighting
conditions (LD vs. DD).

3. Results

Representative actograms of mice from this Swiss strain
and A. ansorgei from our breeding colony in Strasbourg are
shown in Fig. 1. Results of hybridization for the neuro-
peptides in both species at different circadian times are
depicted in Fig. 2. Profiles of expression under both LD

12:12 and DD for AVP, VIP and GRP in the SCN of mice
and A. ansorgei are shown in Fig. 3.

3.1. Expression of neuropeptides in the SCN of M. musculus

Two-way ANOVA revealed a robust effect of time for
AVP mRNA in LD and DD [F(5,46) = 72.6, p < 0.001].
Moreover, lighting condition affected the profile of AVP
mRNA [F(1,46) = 25.3, p < 0.001] and there was a sig-
nificant interaction between lighting condition and time
[F(5,46) = 8.3, p < 0.001]. Cosinor analysis detected AVP
mRNA rhythms in both LD and DD, with an acrophase
occurring at ZT9.0F 0.5 h in LD and at CT9.6F 0.2 h
in DD.

Fig. 3. Daily and circadian mRNA levels of AVP, VIP and GRP in the SCN of the mouse (M. musculus) and A. ansorgei obtained by quantification of

autoradiograms. Data were normalized by expressing them as a percentage of peak expression. The ZT (CT) 0 (24) time-point is double-plotted and curves
were fitted using a cosinor analysis (see Section 2). Gray areas represent night or subjective night for animals kept under LD or DD conditions, respectively.

Except for GRP mRNA levels in mice kept under LD conditions, significant rhythms were observed, with various amplitudes and phases.
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VIP mRNA levels were found to be affected by both
lighting condition [F(1,46) = 73.6, p < 0.001] and time
[F(5,46) = 23.4, p< 0.001]. Moreover, there was a strong
interaction between the two parameters for VIP [F(5,46) =
13.5, p < 0.001]. VIP mRNA levels were found to be
rhythmic with cosinor analysis in both LD and DD. The
amplitude was higher under DD conditions than LD and
the acrophase of VIP levels occurred earlier in LD than in
DD (i.e., at ZT14.5F 1.1 vs. CT17.6F 0.5 h, respectively;
t-test, p = 0.01).

Finally, GRP mRNA levels were found not to be affected
by lighting condition [F(1,43) = 1.1, p>0.1] nor by the time of
the day [F(5,43) = 1.2, p>0.1]. A significant interaction was
noticed between lighting condition and time [F(5,43) = 2.7,
p < 0.05]. Cosinor analysis revealed a weak, but significant,
rhythm in expression in animals killed in DD ( p < 0.01)
peaking at CT18.1F 0.9 h, but did not detect a significant
rhythm for the daily expression of GRP (see Fig. 3).

3.2. Expression of neuropeptides in the SCN of A. ansorgei

AVP mRNA profiles were affected by time [F(5,46) =
81.6, p < 0.001) with peak levels in the second half of the
(subjective) day. Whereas the lighting condition had no
significant effect on the mean level [F(1,46) = 0.1, p>0.1],
a significant interaction between lighting condition and time
was noticed [F(5,46) = 2.6, p < 0.05]. Cosinor analysis
revealed that the acrophase of AVP mRNA levels occurred
1.3 h later in LD than in DD (i.e., at ZT9.4F 0.3 vs.
CT8.1F 0.3 h, respectively; t-test, p < 0.01).

VIP mRNA levels were not affected by lighting condition
[ F(1,46) = 0.6, p>0.1], but were modified by time
[F(5,46) = 3.8, p < 0.01]. A significant interaction was found
between time and lighting condition [F(5,46) = 4.4, p < 0.01].
Cosinor analysis revealed significant rhythms in both LD and
DD, peaking at around ZT17 and CT11, respectively. The
acrophase of VIP rhythm was phase-advanced by 6 h after 2
days in DD compared to LD (CT11.3F 1.1 vs. ZT17.1F1.3
h, respectively; t-test, p = 0.001).

GRP mRNA levels were not affected by lighting condi-
tion [F(1,45) = 0.0, p>0.1], but were altered according to the
time of the day [F(5,45) = 4.0, p < 0.01]. There was also a
significant interaction between lighting condition and time
[F(5,45) = 7.3, p < 0.001]. Cosinor analysis showed that
GRP mRNA levels varied over 24 h under LD and DD,
with peak values at ZT19 and CT10, respectively. The
acrophase of this low-amplitude GRP mRNA rhythm was
phase-advanced by 9 h after 2 days in DD compared to LD
(CT9.8F 1.3 vs. ZT18.8F 0.8 h, respectively; t-test,
p < 0.001).

4. Discussion

We investigated the mRNA profiles of three major neuro-
peptides present in the SCN (i.e., AVP, VIP and GRP) in two

rodent species, the mouse and A. ansorgei. To decipher if
their levels fluctuate on a circadian basis and if photic inputs
play any role, we studied their 24 h profiles under DD and
under a light–dark cycle (LD). We had two main goals: first
of all, to clarify if what has been previously reported in the rat,
regarding the effects of light on neuropeptides of the core of
the SCN, namely VIP and GRP, can be extended to other
rodents species and, second, to address the question of
whether diurnal and nocturnal rodents exhibit different cir-
cadian profiles of gene expression in the SCN.

4.1. AVP profiles

AVP has been implicated as an output of the clock [6,32]
and possibly in cell synchronization [27]. We here report
that the mRNA profile of AVP in both mice and A. ansorgei
is strongly rhythmic and circadian, as evidenced when the
animals are kept in DD. Furthermore, the highest levels in
the two rodent species are found during the late (subjective)
day around ZT(CT) 9–10. These data are in agreement with
what has been previously reported in the mouse [50], the rat
[7,31,35,57], the Siberian [17] and Syrian hamsters [18].
Indeed, the finding that the rhythm is similar between
nocturnal and diurnal species is in-line with the following
observations: (1) the AVP gene has been identified as a
direct output of the molecular clock, being transcriptionally
driven by the CLOCK/BMAL1 heterodimer through E-box
motifs in its promoter [32] and (2) profiles of clock gene
expression are quite similar in A. ansorgei [8] compared to
those in the nocturnal rodents studied so far [46]. It has been
recently demonstrated by heteronuclear mRNA analysis that
the SCN rhythm in AVP mRNA results from a rhythmic
transcription at the AVP locus, and that the turn-over of the
AVP messenger is rapid, thereby ensuring a close temporal
control of its cytosolic presence [5,58]. Similar rhythms in
many species, including human, were also reported at the
protein level, implicating a rapid translation of the mRNA
[24,53–55]. It is therefore rather unlikely, even though
quantitative data at the peptide level will be required to
conclude so, that the AVP output could be out of phase
between diurnal and nocturnal rodents. Overall, therefore, it
would seem likely that SCN expression of AVP is similar in
nocturnal and diurnal mammals.

4.2. VIP profiles

The core of the SCN is mainly composed of VIP and
GRP expressing cells that receive the retinal input to this
tissue (for review, see Ref. [9]). The core of the SCN is thus
gating photic information to the circadian clock [29]. A role
of VIP neuropeptide in photic synchronization is implied by
its light-like phase-shifting properties [4,43–45] and by the
results obtained in the VIP as well as in the VPAC2 receptor
knock-out mice [13,14,22], even though the interpretation
of the latter is complicated by the fact that not only VIP, but
also pituitary adenylate, cyclase-activating polypeptide
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(PACAP) binds to this receptor [21]. There is a large body
of evidence, coming from studies in the rat, that the VIP
mRNA exhibits a clear daily rhythm, peaking approximately
in antiphase to that of AVP, i.e., with highest levels during
the night and decreasing levels concomitant with lights-on
[3,41,51,60,61]. This suggests that light suppresses the
expression of VIP. This hypothesis is supported by the
following observations: (1) under a LD cycle, VIP peptide
and mRNA levels in rats are decreased when light is on
[30,47], (2) in constant light or subsequent to a light pulse
given in rats housed in DD, VIP peptide levels are acutely
down-regulated [2,30,47,48], (3) a dark pulse applied to rats
maintained in constant light enhances VIP immunoreactivity
[48] and (4) mRNA [52] as well as protein rhythms of VIP
[26,47] were abolished under DD (however, see Ref. [19]).
From all these data, it can be concluded that light strongly
affects VIP at both mRNA and peptide levels, suggesting
that the diurnal variation of VIP observed in LD depends on
the opposing effects of light and dark.

We now report that, contrary to the rat, VIP mRNA
appears to be rhythmic in DD in the SCN of A. ansorgei
and the mouse, indicating that it is clock-controlled. In the
mouse, the highest levels of VIP mRNA are observed
during the middle of the subjective night (CT18) in
keeping with the circadian pattern of VIP immunoreactiv-
ity in anophthalmic mice [34]. In contrast to what has
been observed in rats, light enhances rather than dampens
VIP mRNA levels in mice. Thus, these data are quite
different from those obtained in rats and indicate that light
does not always act as a negative regulator of VIP
expression. In A. ansorgei, the picture is a little bit
different. Amplitude of VIP mRNA rhythms were similar
in both LD and DD conditions. The acrophase of VIP
mRNA levels occurs around ZT18 in LD, while it is
phase-advanced by roughly 6 h in DD, thereby peaking
around CT12. Our data thus suggest that light negatively
interacts with the circadian rhythm of VIP mRNA in A.
ansorgei. There are other examples in the literature show-
ing interspecific differences in VIP expression. In the
Syrian hamster, no oscillation of the VIP mRNA was
noticed in LD [18]. A weak oscillation was observed in
the Siberian hamster, with levels higher during the day
than during the night, and no apparent effect of the dark–
light transition [17]. Finally, no diurnal variations of
immunoreactivity were reported in the human SCN [25].
The reasons of these differences remain unknown.

4.3. GRP profiles

Based on its expression in the retino-recipient ventrolat-
eral region of the SCN and its photic-like phase-shifting
properties, GRP has been involved in photic synchronization
(e.g., [1,16,38,44]). Previous studies of GRP in the rat SCN,
either at mRNA [61] or protein levels [42], concluded to a
daily rhythm with levels in phase with the AVP rhythm and
phase-delayed compared to VIP rhythm. In keeping with the

effects of light on VIP, it was found that the rhythm collapses
in DD, whereas constant light enhances its immunoreactivity
in the SCN clock of rats (Ref. [47]; however, see Ref. [30]). In
the mouse, the GRP profiles under LD and DD are clearly
different from the rat’s ones in that GRP mRNA levels
oscillate in the SCN of mice kept in DD (i.e., GRP expression
is clock-controlled), while they appear to be up-regulated by
light when mice are exposed to LD. This up-regulation by
light, together with the small amplitude of the endogenous
rhythm may explain why no rhythm is observed in LD. Thus,
data for GRP in mice are close to that for VIP in the same
species and suggest that the rhythm is circadian and that light
exerts a tonic effect on mRNA levels.

In the SCN of A. ansorgei, GRP mRNA levels are found
to be rhythmic in LD and DD, with peak levels around
ZT18 and CT10, respectively. The profiles observed for
GRP mRNA in A. ansorgei are close to those for VIP
mRNA in the same species. Taken together, the data show
GRP and VIP mRNA rhythms are endogenous and pro-
foundly affected by light in both mice and A. ansorgei and
suggest a common mechanism of regulation for these two
neuropeptides in the SCN of a given rodent species.

4.4. Temporal organization of neuropeptide profiles

In mice exposed to LD, the temporal organization of
neuropeptide mRNA in the SCN is characterized with AVP
oscillations peaking during daytime, low amplitude varia-
tions of VIP peaking during nighttime and GRP being
expressed at a constant level over the daily cycle. A roughly
similar pattern is observed in the SCN of A. ansorgei kept
under LD, except for GRP mRNA levels that are found to
oscillate as VIP mRNA levels do (i.e., with higher nocturnal
levels). Thus, independently of diurnality, exposure to LD in
mice and A. ansorgei leads to a similar circadian organization
of neuropeptides expression in the SCN. In sharp contrast,
when neuropetides mRNA levels were analyzed in animals
housed after only 2 days in DD, a clear interspecific differ-
ence was observed with respect to temporal organization. In
mice, the phase-relationships between expression patterns of
AVP, VIP and GRP (without considering LD vs. DD levels)
are roughly similar to what has been observed in LD. Indeed,
AVP mRNA levels peak at CT10, that is, about 8 h before the
acrophases of both VIP and GRP occurring at CT18. In A.
ansorgei, however, there is a major change in the circadian
organization of neuropeptides mRNA after transfer to DD
because AVP, VIP and GRP rhythms are then found to be
almost in phase, showing highest values around CT10.

Although locomotor activity was not monitored in the
present experiment, the 6–8-h phase-changes for VIP and
GRP between LD and DD conditions are unlikely to be due to
a drift in the free-running rhythms. The A. ansorgei bred in
our colony have an endogenous period measured in DD
slightly larger than 24 h (Refs. [8,11], see also Fig. 1) that
could result in only a minimal phase delay after 2 days in DD,
or loss of synchronisation between individuals. This view is
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also confirmed by the lack of effect on the AVP rhythm’s
phase. Therefore, it seems doubtful that the observed phase
changes for VIP and GRP mRNA in A. ansorgei result from
free-running rhythms. Rather, the differential circadian orga-
nization of SCN neuropeptides mRNA between mice and A.
ansorgei in DD constitutes an interesting starting point of
further comparative analysis. On the one hand, the phase
alignment of VIP and GRP with AVP mRNA levels in A.
ansorgei housed in DD may be related to the diurnal
phenotype of A. ansorgei because it is not observed in
nocturnal mice and rat. This would suggest that diurnality
is regulated by mechanisms within the SCN, downstream of
the oscillation of clock genes (for insights, see Ref. [49]). On
the other hand, this circadian organization may be specific to
A. ansorgei, independently of its diurnality. Therefore, fur-
ther studies (involving analysis at the neuropeptide level) are
needed to clarify this issue, in particular, in other diurnal
species. It is possible that diurnality is regulated in the SCN
by an as yet unidentified (light sensitive?) factor. In this
regard, it will be important to investigate the effects of two
recently characterized factors, transforming growth-factor a
[33] and Prokineticin2 (also known as Bv8; see Ref. [12], but
see also Refs. [39,40]), that have been implicated in the
control of locomotor activity pattern.

In conclusion, we report that the characteristics of the
circadian rhythm of AVP mRNA levels in a diurnal rodent,
A. ansorgei, are roughly similar to those in the mouse and
other mammals. In contrast to what occurs in the rat, the
mRNA profiles of VIP and GRP are clock-controlled in
mice and A. ansorgei, as evidenced with circadian oscilla-
tions in DD. Moreover, GRP and VIP mRNA levels are
greatly affected by light conditions in the SCN of both
species, albeit with opposite effects compared to what has
been found in the rat SCN. This observation illustrates that
data obtained in one rodent species cannot necessarily be
generalized to the whole class. Finally, our results point to
mechanisms of photic regulation for VIP and GRP different
between mice and A. ansorgei, suggesting nocturnal/diurnal
or species-specific differences in synchronization to light.
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