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Effect of Midbrain Lesion in Newborn Rats on the Development of

the Circadian Rhythm

Kiyohisa Takahashi, Kazutaka Shimoda, Naoto Yemada, Yukiko Sasaki and Shinji Hayashi

To investigate the relationship between sero-
tonergic system and development of the circadian
rhythm, we made destruction of dorsal region of
midbrain including dorsal raphe nuclel in neo-
natal rat pups.

Midbrain destruction of new born rats

Female rats of Sprague-Dawley strain, which
have been acclimated more than one month in
an air-conditioned and light controlled animal
fascility (room temperature: 24 +2°C; light on at
0700 h and off at, 1900 h), were mated with vigo-
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rous males at proestrous night.

Female pups were subjected to destruction of
dorsal midbrain region, including dorsal raphe
nuclel at 2 or 5 days of age, the day of birth
being refered to day 1, by thermocoagulation by
radiofrequency current with an aid of soft X-ray
stereotaxy.

The newborn rats were anesthetized in cras-
hed ice and fixed on a rubber-based holder with
insect pins. The pups’ head was positioned be-
tween soft X-ray tube and videocamera, so that



its calcified bones could be recognized on the
videoscreen. The stereotaxic 0 point was defined
in the center of the cartilage connecting ba-
siophenoidal and basiooccipital bones, when these
two bones were maintained in a horizontal plane.
The electrode tip was placed at the proper po-
sition in reference to the superimposed scales on
the screen: the parameters used for the electrode
tip were at the midline, 0.5mm posteriorly and
3.0mm dorsally to the stereotaxic 0 point for 2-
day-old pups while 0.5mm and 3.5mm, respec-
tively for 5-day-old pups.

Radiofrequency current was supplied from a
lesion generator (Radionics, RGF 4) with an
electrode of 0.75mm in diameter, whose tip tem-
perature was monitored by a thermister equipped
inside. The tip temperature was maintained at
65°C for 60 sec. As sham operation, the same
electrode was inserted into the same position
in the brain, but no current was passed. Imme-
diately after recovery from the operation, the
pups were returned to their dams. Some male
pups were sacrificed, leaving each dam with 10
pups. They were weaned at 22 days of age
and females and males were separated. They
were kept in group cages until the determination
of the rhythms was started.

The survival rates were examined at weaning
refering to the age of the brain operation. In
the rats which have received midbrain lesioning
or sham operation at 2 days of age, 3/18 (16.7
%) and 6/8 (75%) have been survived, respec-
tively, while in those given brain operation at 5
days of age, 7/8 (87.5%) and 4/6 (66.7%)
have been survived, respectively.

In neonatally lesioned rats, brain histology
revealed that various midbrain structure at the
midline from trochlear nucleus level anteriorly to
anterior part of the dorsal tegmental nucleus level
posteriorly were destroyed. The ablated area was
roughly as large as 1.8, 4 and 2.5mm for late-
ral, dorsoventral and rostrocaudal directions, re-
spectively. Thus, anterior part of dorsal raphe nu-
cleus was destroyed almost totally. Moreover,
the following structures which are located at these
levels have received extensive damages: e.g. cen-
tral grey and medio-dorsal part of superior and
inferior colliculi, medial longitudinal fasciculus,
laterodorsal tegmental nucleus. In some cases,
trochlear nucleus was almost damaged. In all
cases posterior part of dorsal raphe nucleus at
dorsal tegmental nucleus level and medial raphe
nucleus remained intact. On the other hand,
sham operated rats had little destruction in the
midbrain except slight expansion of cerebral
aqueduct.

Locomeotor activity in 4-§ week-old-pup

When the pups attained to 4~ 6 weeks of
age, locomotor activity was measured by Auto-
mex (Columbus, OH) units. Counts of locomotion
were printed out every 30 min. Locomotion was
continuously recorded for 4 days in each pup.
As only two Automex units were available, the
recording was done on one pair of sham ope-
rated and lesioned pup at one time.

Both sham operated and lesioned pups mani-
fested clear dark-light difference in locomotor
activity. However, during light period locomotor
activity of lesioned pup seems to be greater than
that of sham operated one. A distinct difference
in locomotor activity was observed during light
period between the two groups, although there
was no significant difference either during dark
period or a 24h time period. To investigate if
there was specific period in the light phase du-
ring which activity of lesioned pup exceed that
of sham operated one, distribution of activity
over 24 h was examined. Although 3 epochs during
the light phase(1500 h~1530 h, 1800~1830 h, and
1830~1900 h)activity of lesioned pups was greater
than that of sham operated pups, the difference
was not statistically significant.

Water intake

Water intake during light and dark phase
was determined directly by means of volumetric
pipettes, as previously described. After sealing the
tip of pipettes with Parafilm the pipette was
placed, so that the open mount was inside the
animal cage. Rats ingested water by licking the
mount of the pipette. In the case of young pups,
light-dark difference of water comsumption was
measured for consecutive 2 days. On the other
hand, in case of adult rats light-dark difference
was determined consecutive 5 days and then the
measurement was continued for 7 days after the
light-dark cycle was reversed, to observe if there
was any difference in the period required for
re-entrainment of the drinking rhythm between
sham operated and lesioned rats.

In the case of 4~6 week-old pups, water in-
take of sham operated pups exceeded that of the
lesioned one in both dark phase and a 24h time
period. Contrary to this, during light phase water
intake of lesioned pups was larger than that of
the sham operated ones. In both groups light-
dark difference in water consumption was evident.
In the case of 5-month-old rats, in sham operated
rats a clear and normal circadian rhythm was
evident throughout the observation period be-
fore the reversal of light-dark cycle. On the
other hand, in lesioned rats mean amount of
water intake during the dark phase decreased
and that during the light period increased, com-
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pared to the sham operated rats. In lesioned rats
the light-dark difference in mean water intake
considerably varied from day to day.

When the light-dark cycle was reversed, a
significant difference in water intake between
light and dark periods emerged in 2 days in
sham operated rats, while it took 4 days for le-
sioned rats.

Blood corticosterone levels

Blood corticosterone rhythm was determined
in both sham operated and lesioned rats at 5
months old. Blood was sampled at 6 points a
day with 4h intervals by tail tip incision me-
thod. Corticosterone was sassayed by the protein
binding method by Murphy with a minor modi-
fication.

An overt circadian corticosterone rhythm entr-
ained to the light-dark cycle was clearly observed
in both sham operated and lesioned rats. As
to either phase or amplitude, no significant di-
flerence was observed between the two groups.
Mean acrophases determined by the least square
spectrum analysis was 0811h in lesioned and 0846h
in sham operated rat group. Although the mean
of peak value tended to be higher in control
rats (36.245.3 ug/100 ml) compared to the lesio-
ned rats (27.2 + 5.2 pg/100ml), the difference
was not statistically significant.

Conclusion

The present study demonstrated that overt
circadian rhythms of locomotor activity and water
consumption clearly manifest in the rats which
have received destruction in dorsal midbrain
area including dorsal raphe nucleus at 2or 5 days
of age. However amplitude of the rhythms dete-
rmined at 4~6 weeks of age was smaller in le-
sioned pups. In case of locomotor activity, this
is accomplished by increase in activity during
the light phase in lesioned rats. Activity of les-
ioned rats during the light phase tended to increase

near the light-dark or dark-light transition com-
pared to sham operated pups suggested that
lesioned pups were less effectively entrained to
the lighting cycle. In other words, the region
ablated is possibly involved in the entraining
mechanism of the circadian system to light-dark
cycle. In case of water Intake, suppressed am-
plitude was more evident than that of locomotor
activity rhythm. Water consumption increased
during the light phase and decreased during the
dark phase in the rats given lesioning neonatally
compared to sham operated ones.

These facts suggested that serotonergic system
provided by dorsal raphe nucleus is not essential
for the manifestation of the circadian rhythm.
However, for the rhythm to fully develop, this
system may be necessary.

Suppressed amplitude of drinking rhythm was
still observed in adult rats 5 month after the
ablation of dorsal midbrain area. Compared to
water intake of sham operated rats, that of le-
sioned rats during the light or dark phase was
significantly larger or smaller, respectively. This
fact suggested that lesion made during neonatal
period caused a permanent change in circadian
overt rhythm such as drinking rhythm.

The period required for re-entrainment of
drinking rhythm differed between sham and
lesioned rats. In sham operated rats significant
light-dark difference in water intake was observed
in 2 days after reversal of lighting cycle, while it
took 4 days for lesioned rats to attain it. It seems
to be premature to conclude that lesioned rat
takes more time to re-entrain to the new lighting
cycle, because light-dark difference in water in-
take was irregular in this group, as compared
to sham operated rats. However, it would be
possible to suggest that the serotonergic system
may be involved in the re-entrainment of the
circadian rhythm.
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