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Fig. 1. Animal treatment procedures.

PN42 PNSS

(A) Sham-treated animals were left entirely untreated and sacrificed on post-natal (PN) Days

42-55. (B) Pups were isolated from the dam, nest, and siblings for one hour per day on PN Days

2-22 and sacrificed on PN Days 42-55. (C) After the isolation, animals were placed under the con-
dition of environmental enrichment (EE) on PN Days 22-42 and sacrificed on PN Days 42-55.

W: weaning, Exp: experiment.
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1.0

Fig. 2. An illustration of a rat hippocampal slice.

2.0 2.8

Alterations in [Ca®]; in the dentate gyrus granule cell layer (DG GCL) and the CA3 pyramidal cell

layer were measured. The pseudo-color coding represents Fsi/Fsso ratio. (A) Pseudo-color coding of
the basal and peak [Ca2*]; induced by the administration of 100 . M noradrenaline (NA)to the CA3
pyramidal cell layer. (B) Similarly, the basal and peak [Ca?']; induced by the administration of 100
# M NA to the DG GCL. The scale bars represent 100 1 m.

Table 1. Effect of antagonists of adrenergic recep-
tors on the [Ca*]; response in the dentate gyrus
granule and CA3 pyramidal cell layers

Table 2. Effect of agonists of adrenergic receptors
on the [Ca®*]; response in the dentate gyrus granule
and CA3 pyramidal cell layers

DG GCL CA3 PCL

(% of noradrenaline) (% of noradrenaline)

DG GCL CA3 PCL
(% of noradrenaline) (% of noradrenaline)

Noradrenaline 1000 = 7.1 100.0 + 4.6

Prazosin 33.7 £ 2.5* 25.9 = 2.3*
Yohimbine 56.6 £ 10.1 715 £ 129
Propranolol 719 £ 14 76.2 + 14.1

Noradrenaline 100.0 = 7.1 1000 = 4.6
Phenylephrine  64.8 = 4.1% 65.0 = 3.7*
Clonidine 30.7 £ 1.4% 439 + 4.8*
Isoproterenol 41.1 = 6.0* 43.8 + 10.2*

100 2 M of noradrenaline was applied in the pres-
ence of 1004 M of ou-, o and [-adrenergic
antagonists. Data were collected from 3-6 animals
per group, and expressed as means == SEMs.

*p < 0.05, compared to noradrenaline (Mann-Whit-
ney U test).

DG GCL: Dentate gyrus granule cell layer, CA3
PCL: CA3 pyramidal cell layer.

The effects of 100 » M of ou-, - and B-adrenergic
agonists on [Ca®]; were examined in the DG GCL
and CA3 PCLs. Data were collected from 3-6 ani-
mals per group, and expressed as means = SEMs.
*p < 0.05, compared to noradrenaline (Mann-Whit-
ney U test).

DG GCL: Dentate gyrus granule cell layer, CA3
PCL: CA3 pyramidal cell layer.
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A Representative time-course of [Ca2*],
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B Dose-response curve
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Fig. 3. (A) The representative time-course of the
[Ca*]; induced by the administration of 100, M
noradrenaline (NA) in the dentate gyrus granule
cell layer. (B) The influence of various concentra-
tions of NA on [Ca®]; in the dentate gyrus gran-
ule cell layer. The [Ca?']; increment induced by
the administration of NA altered in a
concentration-dependent manner. The results
show the means + SEMs from 6 rats per group.
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Table 3. Influence of neonatal isolation and neonatal isolation + environmental enrich-

ment on the noradrenaline-stimulated [Ca*]; increase in hippocampus

Sham

NI NI + EE

(F340/F380 ratio) (F340/F380 ratio) (F340/F380 ratio)

DG Granule cell layer +
CA1 pyramidal cell layer 0.235 =
CA3 pyramidal cell layer 0.269 *

0.389 + 0.027

0.290 £ 0.027*  0.292 = 0.010%*
0.239 = 0.019 0.236 = 0.018
0.212 £ 0.011* 0.264 = 0.019

The increments of 100 2~ M NA-stimulated [Ca*]; in the DG granule and CA3 pyrami-
dal cell layers from rats with NI were significantly lower than those from sham-
treated rats. The NI-induced decrease was significantly alleviated by EE only in the
CA3 pyramidal cell layer. Data were collected from 6 animals per group, and ex-
pressed as means = SEMs. *p < 0.05, compared to Sham (Mann-Whitney U test).
NI: neonatal isolation, EE: environmental enrichment.
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Fig. 4. Influence of neonatal isolation on the expression of ci-AR in the dentate gyrus granule cell

layer (DG GCL) by immunchistochemical analysis.

Representative immunochistochemical stains of cua-AR in the DG GCL are shown; A: sham. B: NL

sham

Fig. 5. Influence of neonatal isolation on the expression of 0;-AR in the CA3 pyramidal cell layer

(CA3 PCL) by immunohistochemical analysis.

Representative immunohistochemical stains of 01a-AR in the CA3 PCL are shown; A: sham. B: NI
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Table 4. Influence of neonatal isolation on the expression of oi-adrenergic receptors by
immunohistochemical analysis

Sham Neonatal isolation
(No. of cells/ (No. of cells/
100 X 50 ym) 100 X 50z m)
aus-adrenergic receptor
DG Granule cell layer 23.8 £ 1.2 25.6 + 1.6
CA3 pyramidal cell layer 6.8 + 0.3 7.7+ 04
os-adrenergic receptor
DG Granule cell layer 245 + 2.0 26.3 £ 1.9
CA3 pyramidal cell layer 6.9 +04 7.4+ 0.3
op-adrenergic receptor
DG Granule cell layer 23.0 £ 1.2 247 1.2
CAS3 pyramidal cell layer 84 £ 0.6 8.3 £ 0.6

The number of immunoreactive neurons detected by the anti-cia, cie and cap-AR anti-
bodies was counted in a series of 7 consecutive 100 X 50« m fields per section. The
mean values were taken as the representative values from each animal. Values are
means + SEMs from 6 animals per group.
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Table 5. Summary of the influence of neonatal isolation and neonatal isolation + envi-

ronmental enrichment on the noradrenaline-stimulated [Ca?!]; increase in different

hippocampal regions

NI NI + EE
DG Granule cell layer L 4 =
CA1l pyramidal cell layer > >
CA3 pyramidal cell layer L4 1

NI: neonatal isolation, EE: environmental enrichment.

4 : the significant increment in the noradrenaline-stimulated [Ca®']; increase.

¥: the significant decrease in the noradrenaline-stimulated [Ca®']; increase.

= : the no-significant alteration in the noradrenaline-stimulated [Ca®*']; increase.
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Numerous studies demonstrate that calcium is a major messenger in the intracellular signal trans-
duction, and agonist-stimulated intracellular calcium ([Ca?*]i) increment in the hippocampus plays
a pivotal role in the synaptic plasticity. First, we measured the noradrenaline (NA)-mediated [Ca®*];
increment in adolescent rat hippocampi using the Ca?* sensitive dye, fura-2AM, and fluorescence
microscopy. Despite of the involvement of oz- and B- adrenergic receptors, oi-adrenergic receptors
predominantly mediate NA-stimulated [Ca®!]; increment. Second, we examined the influence of
neonatal isolation (NI) on the NA-stimulated [Ca2']; increment and the expression of ca-adrenergic
receptors in adolescent rat hippocampi. As compared to sham-treated rats, the NA-stimulated [Ca*];
increment in rats subjected to NI significantly decreased in the CA3 pyramidal and dentate gyrus
(DG) granular cell layers in the hippocampus without any changes in the expression of the 3
different oi-adrenergic receptor subtypes. Additionally, the administration of environmental
enrichment to rats subjected to NI alleviated the downregulation of the NA-stimulated [Ca%}
increment in the CA3 pyramidal cell layer but not in the DG granular cell layer. These findings sug-
gest that the NA-mediated hippocampal function may be modulated by various environmental

conditions.



