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CORTICAL NORADRENALINE DEPLETION ELIMINATES SPARING
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The possibility that cortical noradrenaline (NA) is necessary for the sparing of fuaction that occrs
afier neonatal frontal cortex damage was zxamined. Spatizl localization by rats with frontal coriex
damage sustain 2d neonatally was better than by rats with similar damage sustainad as adults. The spar ng
wes abolished in rats depleted of cortical noradienaline by means of neonatal 8-hydroxydopam ne
(6:OHDA) adrinistration. NA depletion alcne did not affect spatial localization. These daia are con .is-
tennt with the rotion that NA has some general function in maintaining some forms of plasticity in
posterior corte <.

Brain damage sustained early in development often bas less severe behavioral con-
sequences than similar damage sustained in adulthood. This sparing of function ba
been repeat:dly observed after frontal cortex damznge in rats and primates {2, wyg,
pa-ticularly in spatial localization tasks. There is not general agreement zbout (72
neurai bazis of this resiliency in young animals. Recen evidence, however, sugs
that sparix;- after frontal cortex damage in rate is dependent upon negcoriica: civ-
cuitry in the remaining posterior cortex [5].

Several experiments have demonstrated that noradrenaline (INA) is necessary for
mazintaining the neocortical plasticity that is characteristic of kitten posterior cortex
during development, Specifically, depletion of NA from kitten visual cortex by in-
traventricular injection of 6-hydroxydopanmire (6-OHDA) blocks the shift in ocular
dominance which is observed in single neuron responsivity aiter monocular depriva-
tion, Contiauous local microperfusion of NA restores plasticity to the NA-depleted
visual cort % 3],

The objective of the present experiment was to determine if cortical MA in the
young ras is essentia! for the sparing of ba" vav oral function associated with 1conatal
frontal cortex damage. A similar suggestion about the imporiance of MA for func-
tional compensation after brain damage hes been previcusly made bascd upon
separate considerations [10].

Sixty hooded rzts from seven litiers bred at the University of Lethbridgs served
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as subjects. tleginning within 24 h after birth, half of these ras received 3 daily in-
jections of 6 GHDA (100 mg/kg in 0.9% saline and 0.2% ascortic acid, 5.c.) and
half received only the vehicle solution. At 7-9 days <. age, 3C rats were anesthetized
using hypothermia and the medial frontal coitex was bilaterally aspirated according
to previcusly described methods [5]; of theze, 14 had received SOHDA and 16 had
received vehicle injections. The remzining rats were anesthetizad and their scalps in-
cised and sutured. At approximately 100 days of age, the medial fronial ccriex was
aspirated in 10 rats.

Behaviorz: iesting was conducted in the Morris water task, while: the rats were bet-
ween 200 and 250 days old. The details of this procedure 22ve previously been
described [12]. Briefly, rats were trained to swim {0 a platform that was hidden just
beneath the surface of cool water in a circular pool. The inside of the pool {diam.
85 cm, height 45 cm) was painted white and the wire mesh surface of the platform
was 1.5 ¢m below the water. There wers many conspicuous cues in the room visible
from the pool. Milk powder was dissolved in the water to render the platform invisi-
ble to a vizswer at the water level. The rats began their search from one of 4 iocations
at the pool’s perimeter and the order of starting locations was randomly assigned.
The piatform remained in the center of one quadrant of the pool, in “he same place
within the testing room, for the first 20 trials, thereafter (until trial 36), it was posi-
tioned in the center of the diagonally opposite cuadrant. We measured the latency
to find the platform (maximum 120 sec), the swim distance, the magnitude of the
initial heading error after swimming 30 cm, and, on the first trial after the platform
was moved, the proportion of swim path within the previously correct quadrant. An
experimenter at the pool’s cdge recorded rhe r3¢7;5 swim patt on a map of the pool
and this was analyzed on an APPLE Il graphics tzolet.

At (he end of testing half of the rais were .acrificed, their brzins processed,
embedded in celloidin, and sectioned at 26 um. Every Sth section through the lesion
and zvery 10th section through the rest of the brain was mounted and stained with
cresyl violet. The lesion extent was assessed microscopically in coronal sections. The
lesions were similar in the different groups, involving bilateral damage to the likely
homologue of the dorsolateral frontal cortex of primates, and damaged the prelim-
bic, infralimbic and anterior cingulate areas of Krettek and Price [6]. The remaining
half were sacrificed for catecholamine assays. Animals wer: killed by decapitatior:,
the brain was rapicly removed and chilled in 0.9% saline on ice for 30 sec. The locz-
tion of a lesion was sketched during this time. Four areas of the brain were then
dissected: (1) brainstem, (2) hippocampus, (3) rostral cortex, and (4) caudal cortex.
Neocortex was divided into rostral-caudal pieces by a cut 7 1nm from the caudal
border of the neocortex.

Tissue was homogenized in 1 ml 0.05 N HCIO4 containing also 100 ng
3,4-dihydroxybenzylamine hydrobromide as an internz! standard and 0.8 mM
NaHSO; as a reducing agent. A standard curve (tissue blank plus 3 standards con-
taining known amounts of NA and DA (free base)) was run with each assay.
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Samples were centrifuzed at 3500 g for 45 min at 4°C, After centrifugation, all of
the superpatant was transferred to conical tubes containing 20 mg acid-washed alu-
mina and 500 1 3 M Tris-HCI (oH 8.6 at 4°C). Samples were immediately voriexed
for 1 min and shaken on a reciprocal shaked for 10 min. Alumina was washed twice
with 1 ml 6 mM Tris-E Cl (pH 8.6 at 4°C) and 3 times vith 1 ml H,0. Afte: comple-
tely removing the Hx(), the catechclamines were extracted with 200 ul of 0.05 N
HC1Q4 by vortexing for 1 min. An aliquot of the supernatant was stored at —-20°C
until assayed.

The high performance liquid chromatography system employed a "Whatman
JDS-3 reverse phase C-18 column and a LC-4 amperometric detector with a glassy
carbon electrode (BioAnalytic Systems). The mobile phase was coinposed of 3 paris
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of 6.1 M cizric acid, 2 parts 0.1 M NaHFQ,, 0.0004% sodium octyl suifate, and 15%
methancl ipH 3.35). The mobile phase was pumped 4t 1 :al/min and continugusly
recycled. The detector potential wzs set at + 0. 72V vs 4g/AgCl reference electrode.
Samples of 19 ul were asszyed with a sensitivity of 50 pg for NA and 160 pg for DA.

Statistical eveliation of the behavioural data and the assays was conducted using
an analysis of variance for repeated measures and follow-up comparisons were car-
ried out using the LSD method with a significance level of 0.05.

The assays (Fig. 1) indicate that the 6-OHDA administration was very effective
in reducing cortical NA. Significant differences in NA ievel were detected among the
groups in caudal cortex (F = 48.8, P<0.0001) iosiral cortex (F = 89.7,
P<0.0001), hippocampus (F = 25.8, P<0.0001), arnd brain stem (F = 30.1,
P<0.0001). Follow-up tests revealed that the relationsaip among the groups was the
same for INA level in each of the fcrebrain regions; conirol rats exhibited greater
concentrations than the adult and neonatal frontal cortex damaged rats, who had
equivalent NA concentrations that were greater than the three equivalent groups
that had rececived 6-OHDA. In the brainstem, the 6-OHDA-treated animals had
higher concentrations of NA (170-190% of the control level), and the neonatally
frontal cortex damaged, 6-OHDA-treated rats had significantly higher levels than
any others, Brainstem NA levels in the groups that had adult or neonatal fronwal cor-
tex damage without 5-OHDA were equal to the controls, Levels of dopamine (DA)
were not significantly different z mong the groups ir the brainstem (F<1) or in the
rostraf coriex (F = 2.4, P<0.065). DA icvals in the hippocampus and caudal cartex
were gimilar among the groups, but becanse of the number of cases with very low
levels, even in the contre! group, an ANOVA was not conducted.

The behavior of control rats in the spatial focalization task (Fipg. 2) was very
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Fig. 2. Mean latency on blocks of 4 trials 1o find the hidden platform in the Morris water tazk. For -larity,
the scores of the two adult operated groups have Leen pooled as they di-i not significantly differ. The
vertical dotied iine indicates when the platform vias moved.



similar to previous reports {11, 12]. After the first block of trials they reliably
esﬁy to the platform, and when the platform was moved they took longer ¢t

, since they parsisted in swimming in the pmwot_sw correct quadrant. I
had received only 6-CHDA were ‘{ significantly different in any respect from the
controi group.

Neonatally operated rats showed faster acquisition in the water task than adult
operates, but this behavioral sparing in acquisition of accurate localization was
blocked by neonatal 6-OHDA administration, despite the fact that 6-OHDA a@‘
ministration alone did not affect spatial localization. The behavioral sparing
associated with neonatal frontal cortex damage is not complete since the rats who
did not receive 6-OHDA were significantly slower than control rats to locate th
platform on trials blocks 1-4, and they were relatively less affected by moving th
platform.

The overall ANOVA did reveal significant differences among the groups in the
latency to find the platform (F = 4.8, P<0.0022), sign:ficant changes across blocks
of trials (F = 23.7, P<0.0001}, and a significant interaction between groups aid
trial blocks (F = 1.6, P<0.03). Follow-up cor »arisons revealed that the rats who
had sustained frontal cortex damage as adults were significantly slower to locate the
platform on every trial block except the last one. Of the two neonatally operated
groups, the onz sustaining only frontal cortex damage was significantly faster than
the adult-operated group on trial blocks 1, 2, 2, 4, 5 and 7, indicating ~vpsior 4o
quisition of accuraie spaiial localization; on the other hand, the neonatai groop that
had also reccived 6-O:1DA was not signiticantly dificrent Itom ihe «duli-operates
gxcepe on trial block 9 when they were slower.

These resuite clearly confirm that medial {ronial cortex damage impairs the ac-
guisition of accurate spatial localization in a novel swimming task 111, and coniirn
that substantial behavioral sparing occurs after neonatal damage {41 Rats oporaivd
as neonates were significantly faster in learning to swim to a md en platform;
however, they were not as efficient as normal rats in this task.

Our novel findings were that spatial localization by rats with ncarly total depletion
of forebrain NA was compietely normial. This result contradicts a recent suggesiicn
that the dorsal noradrenergic system is a critical system for spatial fearning {7]. ihss
result also contradicts, at least for the case of spatial lacalization, a suggestion thai
some of the behavioral changes after frontal cortex damage 21¢ m; 1o widespread
depletion of cortical NA [8]. More iraportantly, however, aespite the absence of a
behavioral effect of 6-OHDA alone, we find that deplet:on of cnrucai MA complete-
Iy blocks the sparing of behavicral furction typically observed after neoratal frontal
cortex damage.

These findinzs are consisteni with hose of x(afsanmv,a et al.
direct effects ¢f manipulating NA, b sié";
cortical plasticiry in ea v development. [
6-OHDA administratior. alone does not |
neocortical morphology, but does significa
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in posterior ncocortex dusing che first weeks of Bfe [9). Enhanced synaptogenssis
in the dentate gyrus in response to entorhinal <oriex lesions has zlso been reported
{1} in neonatally NA-depleted rats. Thus, it is possibie that NA may actually have
an inhibitory effect upon syaapse formation, a notion that appears 1o conflict with
the suggsstion of an important role for NA in maintaining functional plasticity.
However, it should be borne in mind that a prolonged period of synaptogenesis in
the young cortex may be critical for adaptive aiterations in newral organization
assciated with early experience. Alternatively, the enhancement of synapse forma-
tion may initerfere with the process of synapse elimination in posterior cortex,
perhans by reducing competition for terminal >pace among axons innsrvating the
same cortical neuroens.

In conclusion, neonatal frontal cortex damage, as compared with adult damage,
15 associated with significant sparing of the ability to learn accurate sparial localiza-
tion. Neonatai depletion of corticai MA prevents this sparing of behavioral fupction.
These results extend NA's rele in cortical plasticity to the recavery of function
observed after cortex damage in young rats, and may have important implications
for neuropharmacological interventions in humans after brain damage.
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