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Male Wistar rats (aged 31 to 33 days) received bilateral intraventricular injections
of saline or 6-hydroxydopamine and were subjected to either “standard™ or “enriched”
rearing conditions for 42 days. The treatment reduced cerebral cortical noradrenaline
by 80% and decreased the growth of the cerebral cortex. It did not, however, prevent
experience in an enriched environment from enhancing the growth of the cerebral
Cortex. © 1985 Academic Press, Inc.

Sensory-motor interaction with the environment is known to affect the
development of the brain. One example of this effect is that the cerebral
cortex of rats that have been reared in an “enriched” environment is heavier
than that of rats reared in a standard (laboratory) environment (8, 14). As
there seems to be a relationship between noradrenaline (NA) and environ-
mentally induced changes in the cerebral cortex [(2, 4, 9, 12, 13) but see
also (1, 5)], we examined the possibility that NA neurotransmission is
involved in the enhanced growth of the cerebral cortex of rats reared in an
enriched environment. In a previous study (2) we found that neonatal
subcutaneous injections of 6-hydroxydopamine (6-OHDA) caused a 70%
reduction in the cortical NA content and a reduction in cortical as well as
in body weight. The increase in cortical weight due to the enriched
environment appeared to be greater for the controls than for the drug-
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treated rats. However, as neonatal treatment is known to affect the peripheral
as well as the central noradrenergic system (3), the results may have been
influenced by a general growth retardation. In the present study, 6-OHDA
was injected directly into the lateral ventricles of 32-day-old rats. In this
way we hoped to find out whether projections of the central NA system are
directly involved in cerebral cortical development and, in particulgr, whether
or not they are directly involved in the enhanced growth of the cerebral
cortex after rearing in an enriched environment.

Six litters of eight male Wistar pups, from mothers that delivered within
the same 24 h, were divided at weaning (day 28) so that two pups from
each litter were randomly assigned to each of four experimental groups. At
31 to 33 days of age the rats of two of the groups received bilateral
intraventricular injections of 50 ug 6-OHDA in 2 pul saline while under
anesthesia [fentanyl (Hypnorm) 0.1 ml/100 g body weight]. The sites of
injection were 1.5 mm lateral to the sagittal sinus, 0.2 mm posterior to
bregma, and 4.5 mm “downward” from the skull surface with the brain
placed horizontally (6). The other two groups were injected with saline
following an identical procedure but without 6-OHDA. Of the 48 pups, 7
died during anesthesia and one pup was discarded 2 days after injection of
6-OHDA as it did not have a cage-mate. All animals were housed two per
cage (38 X 26 X 16 cm) at 24°C with 12 h light:12 h darkness (lights on at
1330). On days 34 to 75 one of the 6-OHDA-injected groups and one of
the saline-injected groups were placed 2.5 h daily, on alternative days from
500 to 1130 and from 1130 to 1400, in large cages (75 X 75 X 85 cm; five
rats per cage) in which they were exposed to a different combination of
ropes, ladders, boxes, tubes, and other “toys” every day (10).

All four groups of rats were killed at 76 or 77 days of age, and their
brains were immediately removed and weighed. Each brain was then
dissected into eight parts in the order indicated in Table 1. The dissection
and weighing were carried out without knowing the rats’ group of origin.
The data of one (saline-injected) pup were not included in the further
analysis of the data as it had a visible cortical defect (presumably injured
or infected during the injection procedure). The noradrenaline and dopamine
contents of each rat’s cerebral cortex were determined using a radioenzymatic
method (15).

Table | shows the influence of the rearing environment and of the drug
treatment on body weight, on regional brain weights, and on the NA and
dopamine concentrations in the cerebral cortex (the “cerebral cortex” in
our dissection procedure included the amygdala and large parts of the
olfactory tubercle). Two-way analyses of variance showed significant drug
(main) effects for the decline in total brain weight (F[1,35] = 6.23;
P < 0.05), weight of the cerebral cortex (F[1,35] = 7.68; P < 0.01), and
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TABLE 1

Influences of an Enriched (EC) or Standard (SC) Environment in 6-Hydroxydopamine
(6-OHDA) and Saline-Treated Rats®

Saline 6-OHDA
Treatment Environment: SC EC SC EC
Number of animals 9 10 10 10
Body weight (g)
Day 28 69 +2 703 69 +1 70+ 2
°Day 43 125 +3 116 + 4 119+3 113+ 4
Day 75 269 + 8 255 = 11 264 + 6 249 + 9
Brain weight (mg)
*/°°Total 1815+20 1889 £26 1765 + 23 1833 + 14
Olfactory bulb S1+3 54 + 4 532 56 +5
*Cerebellum 258 £ 6 266 = 3 250 + 3 255+ 5
Colliculi 593 58+3 60 2 61 2
Hypothalamus 42 +3 44 =2 40 £ 2 43+ 2
"°°Brain stem 202 + 3 208 + 4 194 +3 210+ 3
Hippocampus 121 =3 116 =3 116 =2 120+ 3
**/° Cerebral cortex 790 % 11 823 + 14 760 + 11 789 £ 10
“Rest” 232+ 6 255+ 8 231+ 7 229+ 8
Per milligram cerebral
cortex
*** Noradrenaline (ng) 032001 032x0001 006001 0.06=0.01

*** Dopamine (ng) 1.07 £0.09 1.06 £ 0.06 0.65+0.04 0.72 =0.07

4 Values are x + SE. Two-way analysis of variance showed: drug main effect—*P < 0.05, **P
< 0.01, **P < 0.001; environment main effect—°P < 0.05, °°P < 0.01. All other main and
interaction effects were not significant at the 5% level.

weight of the cerebellum (F[1,35] = 5.24; P < 0.05) as well as for the NA
(F[1,35] = 671.81; P < 0.001) and dopamine (F[1,35] = 31.11; P < 0.001)
content of the cerebral cortex. Significant environment (main) effects were
found for the total brain weight (F[1,35] = 10.98; P < 0.01), the weight of
the cerebral cortex (F[1,35] = 6.91; P < 0.05), the weight of the brain stem
(F[1,35] = 11.32; P < 0.01); and the body weight on day 43 (i.e., on the
10th day of enriched rearing: F[1,35] = 4.17; P < 0.05). The environment
did not significantly affect the NA content of the cerebral cortex [for a
review of contradicting findings see (14)] and there was no significant
interaction between the drug and the environmental treatments (interaction
effect: F[1,35] = 0.03; P > 0.8).

As the drug treatment did not significantly affect the body weight in this
study, we confirm that depleting the central noradrenergic projections
directly impairs cerebral cortical growth [see also (7)]. The mechanism
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underlying this effect is not yet known, but the reduction in cortical growth
may be a result of changes in the permeability of the cerebral microvascu-
lature as a result of the reduced NA concentration (11).

The increase in cortical weight due to experience in the enriched
environment, which reflects changes in various brain parameters [see (8)]
and can be considered a manifestation of cortical plasticity, was similar in
drug-treated and saline-treated rats (both approximately 4%, see Table 1).
Although we can not exclude the possibility that the difference in age at
the time of treatment accounts for the differences between the results of
this study and those of our previous study (2), an indication that the
different methods of 6-OHDA application are responsible for this difference
is the fact that neonatal subcutaneous 6-OHDA treatment reduced the rats’
body weights significantly, whereas postweaning intraventricular 6-OHDA
treatment did not. Neonatal 6-OHDA treatment may, therefore, have
reduced the environmentally induced cortical growth by generally retarding
the development rather than by interfering with the plasticity of the cerebral
cortex.

REFERENCES

i. BEAR, M. F., M. A. PARADISO, M. SCHWARTZ, S. B. NELSON, K. M. CARNES, AND J. D.
DANIELS. 1983. Two methods of catecholamine depletion in kitten visual cortex yield
different effects on plasticity, Nature 302: 245-247.

2. BRENNER, E., M. MIRMIRAN, H. B. M. UYLINGS, AND J. VAN DER GUGTEN. 1983.
Impaired growth of the cerebral cortex of rats treated neonatally with 6-hydroxydopamine
under different environmental conditions. Neurosci. Lett. 42: 13-17.

3. CLaRK, D. W. J,, R. LAVERTY, AND E. L. PHELAN. 1972. Long-lasting peripheral and
central effects of 6-hydroxydopamine in rats. Br. J. Pharmacol. 44; 233-243.

4. Daw, N. W., R. K. RADER, T. W. ROBERTSON, AND M. ARIEL. 1983. Effects of 6-
hydroxydopamine on visual deprivation in the kitten striate cortex. J. Neurosci. 3: 907~
914,

5. DAaw, N. W, T. W. ROBERTSON, R. K. RADER, T. O. VIDEEN, AND C. J. Coscla. 1984.
Substantial reduction of cortical noradrenaline by lesions of adrenergic pathway does
not prevent effects of monocular deprivation. J. Neurosci. 4: 1354-1360.

6. Diaz, J., G. ELLISON, AND D. MASUOKA. 1978. Stages of recovery from central norepi-
nephrine lesions in enriched and impoverished environments: a behavioral and biochemical
study. Exp. Brain Res. 31: 117-130.

7. FELTEN, D. L., H. HALLMAN, AND G. JONsSSON. 1982. Evidence for a neurotrophic role
of noradrenaline neurons in the postnatal development of rat cerebral cortex. J.
Neurocytol. 11: 119-135.

8. GREENOUGH, W. T. 1976. Enduring brain effects of dlﬂ'erentlal experience and training.
Pages 255-278 in M. R. ROSENZWEIG AND E. L. BENNETT, Eds., Neural Mechanisms
of Learning and Memory. MIT Press, Cambridge/LQndon.

9. KasaMaTsu, T. 1983. Neuronal plasticity maintained by the central norepinephrine system
in the cat visual cortex. Pages 1-112 in J. M. SPRAGUE AND A. N. EPSTEIN, Eds.,
Progress in Psychobiology and Physiological Psychology, Vol. 10. Academic Press, New
York.



268 BRENNER ET AL.

10. MIRMIRAN, M., H. VAN DEN DUNGEN, AND H. B. M. UYLINGS. 1982. Sieep patterns
during rearing under different environmental conditions in juvenile rats. Brain Res.

233: 287-298,
11. NATHANSON, J. A. 1983, Adrenergic receptors in brain microvessels. Trends Neurosci. 6:
422-424.

12. O’'SHEA, L., M. Saari, B. A. Pappras, R. INGS, aND K. STANGE. 1983. Neonatal 6-
hydroxydopamine attenuates the neural and behavioral effects of enriched rearing in the
rat. Eur. J. Pharmacol. 92: 43-47.

13. PETTIGREW, J. D., AND T. KASAMATSU. 1978. Local perfusion of noradrenaline maintains
visual cortical plasticity. Nature 271: 761-763.

14. ROSENZWEIG, M. R., AND E. L. BENNETT. 1978. Experimental influences on brain anatomy
and brain chemistry in rodents. Pages 289-327 in G. GOTTLIEB, Ed., Studies on the
Development of Behavior and the Nervous System, Vol. 4, Early Influences. Academic
Press, New York.

15. VAN DER GUGTEN, J., N. PaLkovits, H. L. J. M. WINEN, AND D. H. G. VERSTEEG.
1976. Regional distribution of adrenaline in rat brain. Brain Res. 107: 171-175.



