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in NPY Y2—/— mice

Stephanie J. Soscia, Mary E. Harrington

Neuroscience Program, Smith College, Northampton, MA 01063, USA
Received 22 July 2004; received in revised form 26 August 2004; accepted 30 August 2004

Abstract

Mammalian circadian rhythms are modulated by neuropeptide Y (NPY), a peptide contained in the projection from the intergeniculate
leaflet to the suprachiasmatic nuclei of the circadian pacemaker. NPY resets the circadian clock during the subjective day, mediating non-
photic inputs. Previous studies using receptor-selective agonists have indicated that this action of NPY is mediated by the Y2 receptor in
hamsters. The present study determined if NPY applied to the suprachiasmatic nuclei in the mid-subjective day can phase-advance the rhythm
of spontaneous firing rate of ¥2— mice. We observed that NPY did reset the rhythm of control mice but did not significantly shift the phase
of this rhythm in the Y2-/— mice. These results provide strong evidence for the role of the Y2 receptor mediating neuropeptide Y subjective
day phase-advance shifts in mice.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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The hypothalamic suprachiasmatic nucleus (SCN), the mas-role, but clock resetting can occur in hamsters by sleep de-
ter circadian clock, controls internal rhythms with a cycle privation alone, without locomotor activifit5].
length of 24 h. Photic and non-photic inputs to the clock have ~ The geniculohypothalamic tract arises from NPYergic
the ability to alter these rhythms, producing a phase shift neurons located in the intergeniculate leaflet and ventral
as a function of the time of inpytL1]. Photic information lateral geniculate nucleyS]. NPY has the ability to phase-
from the retina reaches the SCN via the retinohypothala- advance circadian rhythms when microinjected onto the ham-
mic tract, which utilizes glutamate and pituitary adenylate ster SCN during the subjective day in vi{®] and in vitro
cyclase-activating polypeptide as its primary neurotransmit- [7]. Furthermore, hamsters that phase shift to a novel running
ters[4]. Non-photic input to the SCN arises from the genicu- wheel are unable to demonstrate a similar shift in rhythm
lohypothalamic tract, a pathway that utilizes neuropeptide when pretreated with antiserum to NRY]. Lesions of the
Y (NPY) as its principle neurotransmittgs], and from the geniculohypothalamic tract disrupt non-photic phase shift-
raphe nuclei in a pathway linked with serotofilr]. ing, further implicating that NPY plays a role in non-photic
Examples of non-photic stimuli include novel running resetting of circadian rhythni40,20]
wheels, sleep deprivation, or exercise. Non-photic phase Previous research has demonstrated that the NPY Y2 re-
response curves demonstrate phase-advances during the subeptor plays a role in modulating the daytime effects of NPY
jective day, and small delays or no shifts during the subjective in hamsters. The Y2 agonist, NPY (3—36), can phase shift the
night[16]. The key variable that results in non-photic phase hamster SCN in vivo and in vitro, whereas the Y1/Y5 ago-
shifting is unknown. Locomotor activity may play a primary nist [Let?!, Pr®*]NPY, does not induce phase shifs9].
In an as yet unexplained finding, the in vitro hamster SCN is
several log units more sensitive to the phase resetting action
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YY and C2-NPY, were found in subsequent in vitro studies to the others, the entire dataset was then smoothed using 1 h
reset the circadian rhythm in firing rate during the subjective running means with a 15 min lag. The zeitgeber time of the
day[3,6], whereas avian pancreatic polypeptide (Y4 agonist) middle of the 1 h bin with the highest mean firing rate after
and p-Trp®2INPY (Y5 agonist) did not induce shif{§]. processing by this smoother was taken as the time of peak
The present study uses electrophysiology in order to ex- firing rate for that slice. Phase shifts of individual slices were
amine the ability of NPY to induce resetting of the circadian measured relative to the average time of peak firing of control
clock during the subjective day in NPY Y¥-Z— mice. slices. Significant differences between groyps 0.05) were
Y2+/+ and Y2-/— male mice (on a background of mixed determined by a one-way ANOVA followed by a Fisher’s post
129S and Balb/c; bred from founder mice courtesy of Patrik hoc test. All results are reported as meastandard error of
Ernfors, Ph.D., Karolinska Institutgt7]) were housed under  the mean.
al2-hlight:12-h dark cycle. Mice were relatively young at the The average time of peak in frequency for the untreated
time of death, between 2 and 6 months of age, this age rangebrain slice from a Y2/+ mouse (=4) was ZT 6.22-0.31h
was not associated with age-related differences in electro-(seeFig. 1A). For the Y2+/+ brain slices treated with NPY
physiological recording of their circadian rhythms. Genotype (n=4), the peak time was ZT 4.370.2 h (sed-ig. 1B). The
was confirmed by PCR using primers as describefd 1. average peak firing rate for the untreated brain slices from
Brain slices were prepared between zeitgeber time (ZT) 6 andthe Y2—/— mice (=4) was ZT 6.43t 0.5 h (seeig. 1C).
ZT 12, with ZT 0 being the time of lights on in the housing The peak in frequency was ZT 6.560.23 h for the Y2-/—
room. Each mouse received an overdose of halothane, andrain slices treated with NPYhE 5; seeFig. 1D).
the brain was quickly dissected. Following the dissection,  Fig. 2 demonstrates the size of the phase shifts under
a hypothalamic brain slice containing the SCN was placed each condition. A one-way ANOVA demonstrated that the
into a gas:fluid interface chamber. Tissue survived due to Y2+/+ mice treated with NPY showed a significant advance
95% 3:5% CQy, and artificial cerebrospinal fluid (ACSF: in rhythm of approximately 1.85h when compared to con-
125.2mM NaCl, 3.8mM KCI, 1.2mM KpPQ,, 1.8 mM trols (F(1,6)=24.66,p=0.003). The Y2-/— mice treated
CaChb, 1.0 mM MgSQ, 24.8 NaHCQ, 5 mMb-glucose (pH with NPY showed a shift of approximately 0.13 h, which did
7.4)). Treatment was applied to the SCN at ZT 6 on the first not differ significantly from controlsK(1,7) =0.06p>0.8).
day in vitro using a JuL Hamilton Syringe. The SCN from NPY was not able to reset the circadian clock in the
each mouse (Y2+/+ and ¥2—) was treated with 200ng  Y2—/— mice. This study supports the results of previous
NPY in 200nL ACSF at ZT 6, and compared to untreated research, which demonstrate that the Y2 receptor mediates
controls. Although control slices were not administered an
application of ACSF, in past studies such control ACSF ap-

plication were not shown to alter the time of peak firing rate /- >+ Untreated & Y2-F Unureated

on the subsequent day in vitro. Each mouse contributed one_. 1> ) N °.

SCN slice, and treatment groups consisted of three to fourZ 10 ‘. <) . ..

slices per group. Each SCN slice was recorded for 1day. & ° R g e . .
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pled for 6-8 h. Since the peak in the firing rate rhythmis at 3 3 P S 10 °5 2 P g 10

approximately CT6, and phase shifts to NPY ar2h, the Zcitgeber time (h) Zeitgeber time (h)

_sampllng p_enod used was ade_qL_Jate for detection of NPY- B. Y24/+ NPY D. Y2/ NPY

induced shifts. Extracellular activity was recorded using an 14 14

electrode filled with ACSF. The electrode was placed into _ 12 . 2 .
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taneous firing rate of each cell measured was recorded for Zeitgeber time (h) Zeitgeber time (h)

1 min using a computer program (Labtech Aquire; Labora- _ .
Fig. 1. Frequency of cells represented over time for each treatment group:

tory TeChnOIOgles Co_rporatmn, W|Im|n_gto_n_, MA)' . average firing rate of the cell plotted against the zeitgeber time of the record-
Analysis began with data from an individual SCN slice jng. zeitgeber time 12 is defined as the time of lights off. The number of

taken from one animal, either knockout mouse or control subjectsira=4,b=4,c=4, andd=5. Each point on the scatter plot repre-
mouse. The average firing rate of each cell recorded from thissents the firing rate of a single cell. In these figures the cells from the four to
one slice was plotted against the ZT of the recording. Data five individuals in each treatment group are all plotted to allow a graphical

P . . representation of the results in each group. Note that the quantitative analysis
were |n|t|glly grouPed into 1 h bm_s’ and an ANOVA was used summarized in the text was conducted by keeping each individual animal’s
to determine whether any bins differed from the others. If an gata separate, fitting a running mean smoother to that individual's data, and
ANOVA determined any 1 h bins significantly different from then averaging the peak times.
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Y2+/+ Y2-/- In sum, this study provided strong evidence for the critical
20 1 role of the Y2 receptor in mediating the circadian clock phase
shifting abilities of NPY during the subjective day.
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