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but Not Photic Reentrainment of Circadian
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Abstract Recent studies demonstrated that nonphotic (social) cues markedly
accelerate reentrainment to large phase shifts of the light-dark (LD) cycle in
female Octodon degus and that such changes are likely effected by chemosensory
stimuli. This experiment investigated the effects of olfactory bulbectomies on (1)
socially facilitated reentrainment rates of circadian rhythms following a 6-h
phase advance of the LD cycle, (2) photic reentrainment rates of circadian
rhythms following a 6-h advance of the LD cycle, (3) photic entrainment, and (4)
the circadian period (1) of activity rhythms in constant darkness (DD). Olfactory
bulbectomies (BX) blocked socially facilitated reentrainment rates but did not
alter reentrainment rates of circadian rhythms to photic cues alone. In addition,
BX lowered mean daily locomotor activity levels and decreased the amplitude
of the activity rhythm in degus housed in entrained (LD 12:12) conditions but
did not alter the phase of activity onset or offset, duration (&) of activity, or mean
daily corebody temperature. Bulbectomies also failed to modify 7 of free-running
activity rhythms. This experiment confirms that the olfactory bulbs and che-
mosensory cues are necessary for socially facilitated reentrainment. In contrast
to their effects in nocturnal rodents, BX do not produce significant circadian
photic changes in diurnal degus. This is the first experiment to determine that
chemosensory stimuli modulate the circadian system in a diurnal rodent.
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INTRODUCTION

Several recent experiments with Octodon degus, a
diurnal South American hystricomorph rodent, dem-
onstrate that social cues affect circadian rhythms in the
presence of a light-dark (LD) cycle (Goel and Lee,
1995a, 1995b, 1996). When female “donors” (degus
entrained to an LD cycle) are paired continuously with

phase-shifted females, their partners reentrain 25% to
42% faster than female degus housed alone, following
6-h phase advances (Goel and Lee, 1995a) or delays
(Goel and Lee, 1995b). Acceleration is due to social
stimuli acting on the circadian system rather than to
social masking (Goel and Lee, 1995b); such stimuli are
ineffective in phase-shifted males following phase ad-
vances or delays (Goel and Lee, 1995a, 1995b).
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Cumulative evidence suggests that olfactory infor-
mation may be the critical social cue necessary for
accelerated reentrainment. Not only is accelerated
reentrainment of circadian rhythms in the presence of
social cues sexually differentiated in degus (Goel and
Lee, 1995a, 1995b, 1996), but both the production and
attention to olfactory cues (Fischer and Meunier, 1985;
Fischer et al., 1986) are also sexually dimorphic, im-
plying that olfaction may be important to phase shift-
ing in this species. Further, Goel and Lee (1996) have
shown that auditory and tactile cues do not alter cir-
cadian reentrainment; rather, the available data sug-
gest that olfactory cues (in particular, airborne scents)
supply the social influence necessary to accelerate
reentrainment rates of circadian rhythms in females.
Finally, in the absence of light, social cues are sufficient
to modulate circadian period (t) and phase, resulting
in partial entrainment of circadian activity rthythms in
female degus housed in constant darkness (DD; Goel
and Lee, 1997). Although the critical cue is likely olfac-
tory, we cannot eliminate the role of auditory cues
from that study.

Although olfactory stimuli have been associated
with nonphotic (social) entrainment in degus, a causal
relationship between the importance of chemosensory
cues and nonphotic (social) entrainment has not been
defined. Thus, we removed the olfactory bulbs to in-
vestigate their functional significance on nonphotic
(social) reentrainment in degus.

Complete removal of the olfactory bulbs modulates
circadian rhythms in nocturnal rodents, albeit the
functional importance of these effects remains un-
known. Olfactory bulbectomies (BX) lengthen 1 of
locomotor activity rhythms in rats (Lumia et al., 1987),
hamsters (Pieper and Lobocki, 1991), and mice housed
in DD (Possidente et al., 1990, 1996). Bulbectomies
delay the phase of activity onset in mice (Possidente
et al., 1990, 1996) and hamsters (Bittman et al., 1989;
Pieper and Lobocki, 1991) and decrease the nocturnal
amplitude of activity thythms in rats (Lumia et al.,
1987). In addition, BX lengthen duration (o) of activity
in hamsters (Pieper and Lobocki, 1991), increase daily
mean activity levels in mice housed in LD or DD
(Possidente et al., 1996), and alter LD activity ratios in
rats (Lumia et al., 1992). Thus far, bulbectomy studies
have not been performed in a diurnal rodent to assess
circadian changes. Therefore, the second purpose of
this experiment was to determine the effect of olfac-
tory bulbectomy removal on photic entrainment
and on free-running circadian rhythms in a diurnal
species.

MATERIALS AND METHODS

Subjects

Subjects were 13 mature female O. degus (1 to 2
years of age, with an average life span of 5-7 years)
born in a laboratory colony at the University of Michi-
gan. Prior to this experiment, animals were housed in
LD 12:12, lights on at 0600 h (average light intensity
was 250 lux), with room temperature at 21°C £ 2°C and
humidity held at 50% to 60%. Degus were maintained
on a diet of Purina Rodent Chow and Guinea Pig
Chow supplemented weekly with apples and pea-
nuts. Both food and water were available ad libitum.

Housing

During the entrained and photic reentrainment
phases of the experiment, females were housed indi-
vidually in 42.5 X 22 x 19 cm cages fitted with Nalgene
running wheels (9 cm wide X 34.5 cm in diameter) in
LD 12:12 in the room conditions noted above. During
the socially facilitated reentrainment phase, both indi-
viduals in each social pair were housed with running
wheels in plastic cages (42.5 X 46 x 19.5 cm) with a wire
mesh divider placed in the middle. The divider pre-
vented physical contact between animals on opposite
sides of the mesh (e.g., aggression or touching) but
allowed visual, olfactory, and auditory exchange
(Goel and Lee, 1995a, 1995b, 1996). All pairs were
composed of unrelated, unfamiliar female conspecifics.
Finally, in DD (0 lux), females were again housed
individually with running wheels in conditions as
noted above.

Data Collection

Running wheel activity and core body temperature
data were collected, recorded, and stored in 10-min
bins by Dataquest III (Mini-mitter Co., Sunriver, OR).
Mini-mitter transmitters (Model VM-FH Disc;
Mini-mitter Co., Sunriver, OR) were used to monitor
core body temperature.

Procedure

Transmitters were surgically implanted in the peri-
toneal cavity of each animal. Degus were anesthetized
with Xylazine (i.p., 4 mg/kgbody weight) and Ketamine
HCL (i.p., 120 mg/kg body weight). Yohimbine (i.p., 4
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Pre-SHAM/BX entrained phase (3 weeks)

SHAM/BX surgery (1 week)

Post-SHAM/BX entrained phase (3 weeks)

Photic reentrainment phase (4 weeks)

Socially facilitated reentrainment phase (3 weeks)

Free-running phase in DD (4 weeks)

Figure 1. A diagrammatic representation of the different experi-
mental phases. The number of weeks degus spent in each condi-
tion is indicated in parentheses. See text for details.

mg/kgbody weight) and 5 cclactate ringers (s.c.) were
administered immediately after surgery to facilitate
recovery.

Degus were housed in LD 12:12, lights on at 1200 h,
for 3 weeks following postoperative recovery from
transmitter surgery (pre-SHAM/BX entrained phase;
Fig. 1). Next, animals underwent either sham surgery
or olfactory bulbectomies (described below) and re-
mained in LD 12:12, lights on at 1200 h, for 3 additional
weeks following surgical procedures (post-
SHAM/BX entrained phase; Fig. 1). The LD cycle was
then advanced 6 h (a single shortening of the light
phase; darkness began at 1800 h on the day of the
advance), and experimental animals remained in the
new LD cycle (LD 12:12, lights on at 0600 h) for 4 weeks
to ensure complete reentrainment (photic reentrain-
ment phase; Fig. 1). All degus were then transferred
from their individual cages to larger cages that were
divided by mesh barriers and equipped with Nalgene
running wheels on either side (socially facilitated
reentrainment phase; Fig. 1). The experimental ani-
mals were again phase advanced 6 h toLD 12:12, lights
on at 2400 h (a single shortening of the light phase;
darkness began at 1200 h on the day of the advance);
each experimental animal was placed on one side of a
divided cage with an unfamiliar female degu on the
other side that had been entrained to this LD cycle for
3 weeks prior to pairing (social “donor”; Goel and Lee,

1995a, 1995b, 1996). The degus remained paired to-
gether for 3 weeks to ensure complete reentrainment
of the phase-shifting animals’ circadian rhythms. Fi-
nally, experimental degus were released into DD,
where they remained for 4 weeks (free-running phase;
Fig. 1).

Surgery

Degus were randomly assigned to either the SHAM
(n =5) or BX (n = 8) group and were anesthetized with
120 mg/kg Ketamine HCL (i.p.), 4 mg/kg Xylazine
(i.p.), and .1 mg/kg Butorphanol (i.p.). Sham animals
were positioned in a Kopf stereotaxic, and a 2-cm hole
was drilled through the skull bilaterally, lateral to the
midline, and just dorsal to the anterior tip of the eye.
An identical procedure was used for bulbectomies,
except the olfactory bulbs were ablated via an aspira-
tion Suction Vac (Schuco, Inc., Toledo, OH). Tissue
dorsal to the cribiform plate and rostral to the frontal
poles was removed, but the superior sagittal sinus was
left intact. Bilateral bulbectomies were accomplished
by performing unilateral aspirations separated by a 3-
to 5-day recovery period. A two-step surgery proce-
dure was implemented because attempts at one-stage
bilateral aspirations invariably resulted in death im-
mediately after surgery. Following surgery, degus re-
ceived 4 mg/kg Yohimbine (i.p.), 2 mg/kg
Dexamethasone (s.c.), .2 mg/kg Butorphanol (s.c.),
and 10 cc lactated ringers (s.c.) to facilitate recovery.

Data Analysis

Six measures were analyzed using daily histograms
for data collected in entrained conditions (pre- and
post-SHAM/BX entrained phases): activity onset, ac-
tivity offset, o of activity, amplitude of activity, mean
daily activity level, and mean daily core body tem-
perature. For each measure, 10 to 12 days of entrained
data were averaged to determine a mean value per
animal. The measures were defined as follows: activity
onset was the point when 40 counts of activity per 10
min for at least a 20-min period occurred following a
minimum 4-h hiatus of activity (Goel and Lee, 1995a,
1995b); activity offset was the point when locomotor
activity dropped below the daily mean for at least 4
hours (Labyak et al.,, 1997; Lee and Labyak, 1997); a of
activity was the difference between activity onset and
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Figure 2. The mean (+ SEM) number of days required for reen-
trainment of the locomotor activity rhythm to a 6-h advance of the
LD cycle with and without nonphotic (social) cues. Symbols:
SHAM = sham surgery animals (# = 5); BX = bulbectomized
animals (n = 6). * = significantly less than the BX group, p <.001.

offset; and amplitude of the activity rthythm was the
difference between the daily rhythm peak (maximum
value in a 10-min data bin) and the daily mean (Goel
and Lee, 1995a; Labyak and Lee, 1995). Mean daily
activity and mean daily temperature were calculated
from midnight each day for the entire 24-h interval;
means for both measures were calculated from data
collected at identical 10-min intervals.

Following the photic and socially facilitated phase
advances, daily histograms and actograms of tem-
perature and activity data were used to determine the
reentrainment rate (the number of days) it took for
each animal’s activity and temperature rhythms to
reestablish their former phase relationships to the new
lighting schedule (Goel and Lee, 1995a, 1995b, 1996).
Reentrainment was assessed for the temperature
rhythm by monitoring the daily temperature rise fol-
lowing the daily temperature minimum. Temperature
minimum is the time of the lowest temperature of the
day and occurs during the temperature trough ap-
proximately 3 h prior to lights on in entrained animals
(Goel and Lee, 1995a, 1995b, 1996). Reentrainment of
the activity rhythm was evaluated by monitoring ac-
tivity onset (defined above). In previous work, we
have demonstrated that the above method is a reliable
measure of socially facilitated reentrainment, as op-
posed to masking, of the circadian system; the activity

rhythms of degus placed into DD the day immediately
following completion of socially facilitated reentrain-
ment to a 6-h phase advance began free-running from
the determined phase of reentrainment (Goel and Lee,
1995b).

The free-running t of locomotor activity rhythms
for the last 2 weeks of data collected in DD was deter-
mined by Cosine analysis and corroborated by Fourier
analysis (Dataquest). Multivariate repeated measures
analysis of variance and post hoc comparisons using
Bonferroni-adjusted probabilities were used to com-
pare reentrainment rates and locomotor activity levels
across reentrainment conditions and between groups
and to compare prebulbectomy- and postbulbectomy-
entrained circadian measures. One-way analysis of
variance compared differences between groups in ©
and locomotor activity levels in DD. Data are pre-
sented as mean + SEM where applicable, and p < .05
was considered significant.

RESULTS

Bulbectomy Verification

The extent of neural damage was assessed via gross
examination of the brains under a dissecting micro-
scope. In 6 of the 8 BX degus, the olfactory bulbs were
completely destroyed; 2 of these animals also had
slight bilateral frontal lobe damage. The remaining 2
animals sustained partial bilateral bulbectomies. Us-
ing microscopic examination, cresyl violet-stained
coronal and sagittal sections from the partial animals
were compared with similar sections from two SHAM
animals. In both of the partially damaged brains, nor-
mal appearing portions of the main olfactory bulbs
(MOB) were evident, but the accessory olfactory bulbs
(AOB) and the vomeronasal organ (VNO) were ab-
sent. Data from the partial BX group were notincluded
in the statistical analyses.

Socially Facilitated Reentrainment

The locomotor activity rhythms of the SHAM
group reentrained faster after a 6-h phase advance of
the LD cycle in the presence of social and photic cues
than those of the BX group (Figs. 2 and 3; p <.001). In
addition, the SHAM group’s rhythms reentrained
faster in the presence of social cues and photic cues
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Figure 3. Representative double-plotted actograms depicting
reentrainment rates of the circadian locomotor rhythm to both
social and photic cues for a SHAM female (A) and a BX female (B).
Each line represents one day of data, with the lowest 10% of
activity values cut from the figure for ease in viewing activity
onset. The top LD bar indicates the initial lighting schedule (LD
12:12, lights on at 0600 h). The first asterisk in the right margin
marks the day of the phase shift (6-h advance), and the first arrow
denotes the phase angle prior to the shift. The bottom LD bar
indicates the new lighting schedule (LD 12:12, lights on at 2400 h).
The second asterisk in the right margin denotes the day of reen-
trainment, as determined by the reestablished phase angle (sec-
ond arrow). In (A), the sustained increase in locomotor activity
during Days 5 through 6 (following the phase shift) typifies
behavioral estrus in adult females (Labyak and Lee, 1995).

compared with photic cues alone (Figs. 2,3, and 4; p <
.003), while no significant reentrainment rate differ-
ences were found between entrainment conditions for
the BX group (Figs. 2, 3, and 4). Socially facilitated
reentrainment rates of the core body temperature
rhythm were virtually identical to those for the loco-
motor activity rhythm, as reported previously (Goel
and Lee, 1995a, 1995b, 1996), and are therefore not

Figure 4. Representative double-plotted actograms depicting
reentrainment rates of the circadian locomotor rhythm to photic
cues alone for a SHAM female (A) and a BX female (B). Each line
represents one day of data, with the lowest 10% of activity values
cut from the figure for ease in viewing activity onset. The top LD
bar indicates the initial lighting schedule (LD 12:12, lights on at
1200 h). The first asterisk in the right margin marks the day of the
phase shift (6-h advance), and the first arrow denotes the phase
angle prior to the shift. The bottom LD bar indicates the new
lighting schedule (LD 12:12, lights on at 0600 h). The second
asterisk in the right margin denotes the day of reentrainment, as
determined by the reestablished phase angle (second arrow).

described in detail. The groups did not significantly
differ in mean daily activity levels (number of wheel
revolutions/10 min) for the first 3 days of the phase
shift, nor did their activity levels change significantly
across these days.

Photic Reentrainment

There were no significant differences between the
SHAM and BX groups in the reentrainment rates of
circadian rhythms to photic cues alone (Figs. 2 and 4).
As was true for socially facilitated reentrainment,
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Figure 5. The mean (+ SEM) daily activity levels (A) and daily
amplitude (B) of locomotor circadian activity rhythms for SHAM
(n = 5) and bulbectomized (BX; # = 6) animals housed in LD 12:12,
lights on at 1200 h for 3 weeks. Mean values were derived from
data collected during the last 10 to 12 days in entrained conditions.
Symbols as in Figure 2. * = significantly less than the SHAM
group, p < 0.05.

photic reentrainment rates of the core body tempera-
ture rhythm were virtually identical to those for the
locomotor activity rhythm, again confirming previous
reports (Goel and Lee, 1995a, 1995b, 1996). In addition,
there were no significant differences between the
SHAM and BX groups in mean daily locomotor activ-
ity levels (number of wheel revolutions/10 min) for
the first 3 days of the phase shift; however, both groups
had decreased locomotor activity levels on the first
day after the shift compared with the day of the shift
and the second day after the shift (p <.02).

Entrained Conditions

The BX and SHAM groups did not differ signifi-
cantly in the phase of activity onset or offset, a or
amplitude of the activity rhythm, or daily mean loco-
motor activity or core body temperature for the last 10
to 12 days in entrained conditions prior to SHAM/BX
surgery. However, during the last 10 to 12 days (of a
3-week period) spent in entrained conditions follow-
ing SHAM/BX surgery, BX animals had lower mean
daily locomotor activity levels than SHAM animals
(Fig. 5A; p < .04) and had a decreased amplitude of the
locomotor activity rhythm (Fig. 5B; p < .02). The two
groups did not differ significantly in the phase of
activity onset (SHAM: ~1.13 + 2.19 h; BX: +0.44 £ 0.43
h; p = .44), phase of activity offset (SHAM: -16.45+1.29
h; BX: -14.54 £ 0.64 h; p = .18); o of activity (SHAM:
15.29+1.10h; BX: 15.32+0.65 h; p = .98), or daily mean

core body temperature (SHAM: 37.75 + 0.27°C; BX:
37.55+0.22°C; p = .58).

Free-Running Conditions

The groups did not differ significantly in 1 of free-
running activity thythms in DD (SHAM: 23.18 £+ 0.13 h;
BX:23.26 £ 0.10 h; p = .67) or in mean daily locomotor
activity levels (number of wheel revolutions/10 min)
while in DD (SHAM: 137.62 + 24.87; BX: 120.92 £ 26.38;
p = .65).

DISCUSSION

Removal of the olfactory bulbs prevented socially
facilitated reentrainment of circadian rhythms but did
not alter reentrainment rates to photic cues alone or
modify 7 of free-running activity rhythms in DD. Ol-
factory bulbectomies reduced mean daily locomotor
activity levels and decreased the amplitude of the
locomotor activity rhythm in entrained conditions but
did not modify the phase of activity onset or offset, o
of the activity rhythm, or mean core body tempera-
ture. Thus, the olfactory bulbs and chemosensory cues
are necessary for the induction of socially facilitated
reentrainment of circadian rhythms. In contrast, olfac-
tory bulbectomies were without effect on photic cir-
cadian measures in diurnal degus, which differs from
previous reports in other rodent species.

Reentrainment of circadian rhythms in the presence
of combined social and photic cues was blocked by
olfactory bulbectomies, providing strong evidence
that chemosensory cues mediated through these
structures are critical for socially facilitated reentrain-
ment in female degus. Furthermore, the data from two
animals with incomplete bulbectomies indicate that
even partial damage to the olfactory bulbs was suffi-
cient to affect socially facilitated entrainment, as the
reentrainment rates of these animals” thythms were
intermediate to those of the complete BX and SHAM
animals.

In addition to regulating circadian rhythms, che-
mosensory cues are essential for other behaviors in
degus. For example, scent marking is an integral part
of degu burrow marking (Fulk, 1976) and agonistic
interactions (Davis, 1975). Like degus, golden ham-
sters can use olfactory cues to modulate circadian
rhythms: olfactory cues emitted by females in estrus
increase reentrainment rates of rhythms following
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phase shifts (Honrado and Mrosovsky, 1989) and in-
duce phase shifts of the activity rthythm in the presence
of an LD cycle in males (Honrado and Mrosovsky, 1991).

Chemosensory stimuli must influence reentrain-
ment through the vomeronasal organ and/or main
olfactory bulbs. At present, the experimental proce-
dures used in this and previous studies (Goel and Lee,
1995a, 1995b, 1996) do not allow us to distinguish
between the functional roles of these two structures or
the likelihood that the critical cues are volatile or
nonvolatile. However, analysis of the tissue remnants
from the two partially bulbectomized animals sug-
gests several possibilities. First, the finding that the
accessory olfactory bulbs, and therefore the VNO sys-
tem, were not intact in the partial BX animals suggests
that the VNO system may be important for mediating
chemosensory information to the “clock.” Second, be-
cause the main olfactory system appeared to be only
partially functional in these animals, some deficits in
reentrainment may be due to a loss of input from this
system. Finally, the two systems may collectively me-
diate chemosensory information and contribute to the
slower reentrainment observed in the BX group com-
pared with the SHAM group. Data from more than
two animals are needed to distinguish among such
possibilities.

Differences in socially facilitated reentrainment
rates cannot be attributed to differences in activity
levels during the phase-shifting period because the
groups did not vary in mean locomotor activity levels
for the first 3 days of the shift. This result was unex-
pected, as our previous research predicted that the
SHAM group would have higher activity levels than
the BX group due to increases in investigatory-related
behaviors (Goel and Lee, 1996). These findings may be
explained by considering that both groups had lower
mean locomotor activity levels in the socially facili-
tated condition compared with the photic condition,
perhaps as a result of engaging in (or attempting to
engage in) olfactory investigation at the barrier (Goel
and Lee, 1996) instead of running vigorously in
wheels. Thus, the present results are consistent with
other data from degus in which the phase shifting of
body temperature or activity rhythms was not associ-
ated with increases in activity (Goel and Lee, 19953,
1995b, 1996).

Although activity levels during reentrainment
were not altered in BX animals, neural insult resulting
from bulbectomies may have affected other behavioral

variables, such as fear or avoidance of conspecifics,
which in turn could account for the lack of socially
facilitated reentrainment effects. To rule out other pos-
sibilities, additional experiments involving more se-
lective olfactory damage should be performed. One
such example would be to measure socially facilitated
reentrainment rates in female degus following olfac-
tory deafferentation with zinc sulfate.

Our data indicate that the olfactory bulbs do not
affect photic entrainment per se in degus. Bulbectomies
did not alter o or activity onset, in contrast to reports
in hamsters and mice (Bittman et al., 1989; Pieper and
Lobocki, 1991; Possidente et al., 1990, 1996), nor did
they change the distribution of activity in degus, a
finding that differs from data from rats (Lumia et al.,
1992). Bulbectomies decreased activity levels, an op-
posite effect from that reported in mice (Possidente
et al., 1996); however, BX decreased the amplitude of
the activity rhythm, consistent with reports in rats
(Lumia et al., 1987). Finally, bulbectomies were with-
out effect on the phase of activity offset, which appears
to be delayed in mice (B. Possidente, personal commu-
nication), and on reentrainment rates of circadian
rhythms to photic cues alone. Notably, all other bul-
bectomy circadian studies have been performed using
male nocturnal rodents, and thus the species differ-
ences reported here could be due to a sex difference or
a difference between nocturnal and diurnal rodents.
Other factors—including differences in experimental
procedures, use of small sample sizes, and variations
in definitions of circadian variables among studies—
may also underlie the species difference reported here.

Olfactory bulbectomies did not alter T of activity
rhythms in degus. This differs from rats, hamsters, and
mice, in which T was lengthened following bulbec-
tomy (Lumia et al., 1987; Pieper and Lobocki, 1991;
Possidente et al., 1990, 1996). Once again, such inter-
species variation could be due to sex, nocturnal /diurnal,
or procedural differences.

Our data imply a dissociation between photic and
nonphotic (social) afferent routes to the suprachias-
matic nuclei (SCN) in degus. Because photic entrain-
ment and reentrainment of circadian rhythms
remained normal following bulbectomies, the photic
entrainment pathway likely is not disrupted following
this type of neural damage. In degus, photic informa-
tion is presumed to be transduced to the SCN via the
retinohypothalamic tract (RHT) and secondarily by
the geniculohypothalamic tract (GHT), and both pro-
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ject bilaterally to the SCN (Goel, 1996). In contrast,
socially facilitated reentrainment is hindered by BX,
suggesting that a distinct pathway transmits social
(i.e., chemosensory) information to the SCN.

Two possible neural pathways by which olfactory
information could reach the SCN are via (1) the stria
terminalis or (2) the retinotelencephalic tract. Lesions
of the stria terminalis deplete neuropeptide Y (NPY),
metenkephalin (MENK), vasoactive intestinal
polypeptide (VIP), and somatostatin (SS) immunore-
active fibers in the SCN in rats (Allen et al., 1984;
Palkovits et al., 1981a, 1981b), indicating that one or
more of the stria terminalis fiber targets contains cells
immunoreactive for these neurotransmitters that pro-
ject to the SCN. One such target may be the bed
nucleus of the stria terminalis (BNST), which projects
directly to the SCN (hamsters; Pickard, 1982) and re-
ceives projections from the AOB (reviewed in
Halpern, 1987).

Alternately, the olfactory tubercle may serve as a
point of sensory convergence of visual and chemosen-
sory information and may be involved in the circadian
control of behavior in mammals. The retinotelencephalic
tract projects from the retina to the olfactory tubercle
and appears to be a consistent feature in all mammal-
ian orders (Cooper et al., 1989, 1994; Mick et al., 1993;
Tessonneaud et al., 1994). In addition, the olfactory
tubercle receives projections from the olfactory bulbs
(Cooper et al., 1994; De Olmos et al., 1978; Scalia and
Winans, 1975; Scott et al., 1980) and is part of the neural
pathway that mediates the increase in gonadotropin
secretion found in male BX hamsters (Gomez et al,,
1996). To date, however, work on the efferents of the
olfactory tubercle does not provide an obvious ex-
planation for the possible sources of control of the
SCN.

This experiment demonstrates that chemosensory
stimuli can markedly modify the circadian system and
represents a novel example of the elimination of a
specific sensory nonphotic zeitgeber by neural damage
in a diurnal rodent. It should now be possible to
determine how and where this sensory information
influences “clock” function in degus—whether itbe at
the SCN or via an interactive site that synapses on the
SCN. This study also provides provocative evidence
that rodent species may differ in the neural structures,
pathways, and specific cues used to transduce non-
photic information to the SCN and thereby regulate
circadian rhythms; such knowledge may ultimately

lead to an understanding of the adaptive significance
of nonphotic zeitgebers.
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