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Effect of Antenatal Dexamethasone Treatment on Neuronal

Soo Jeong Yoon', Heasoo Koo and Chong Il Kim!

Departments of Pathology and 'Obstetrics and Gynecology, Ewha Womans University, College of

Background : Glucocorticoids (GCs) are essential for normal development and the matura-
tion of the central nervous system. The aim of this study was to determine the effects of ante-
natal dexamethasone (DEXA) treatment on neuronal morphogenesis and on the glial cell
line-derived neurotrophic factor (GDNF) protein expression in neonatal rat. Methods : Preg-
nant Sprague-Dawley rats were injected with saline (the control), or 0.2 mg/kg/day DEXA or
0.8 mg/kg/day DEXA at 17th, 18th and 19th day of gestation. The newborn rat brains were
examined at postnatal days 1 (n=75) and 10 (n=78). Results : The DEXA-treated groups
showed distorted architectures of neurons in the cerebral cortex, hippocampus and cerebel-
lar cortex at postnatal days 1 and 10 with an increased number of proliferating cell nuclear
antigen (PCNA)-positive cells. The cerebellar cortex in the DEXA-treated groups showed
delayed development with more PCNA-positive cells in the internal granular cell layer. The
Purkinje cells showed a markedly decreased number and the decreased length of the den-
dritic processes. The GDNF positive reaction was decreased in the DEXA-treated groups in
a dose-dependent manner. Conclusions : The developmental changes and neuronal degen-
eration at postnatal days 1 and 10 in the newborn rats that were exposed to DEXA at the late
gestational age were associated with increased proliferative activity and a decreased level of
GDNF protein expression.
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Table 1. Groups of experimental animals

Pregnant rats Newborn rats

Group Treatment

N (n) PIdN(n)  P10dN(n)
1 Saline (1 mlkg/day) 3(1) 18(7) 23 (8)

2 DEXA(02mgkg/day)  6(2) 35 (10) 32(12)
3 DEXA(0.8mgkg/day)  6(2) 22(8) 23(8)
Total 15(5) 75 (25) 78 (28)

N, number of experimental animals; (n), number of rats used for frozen
tissue; P1d, postnatal 1 day; P10d, postnatal 10 day; DEXA, dexam-
ethasone.
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Table 2. Body and brain weight of newborn rats at postnatal
day 1and 10

P1d P10d

Organ Group  Treatment weight (g) weight (g)
mean (£SD) mean (£SD)

Body 1 Saline(1mlkg/day) 13 6.15(0.56)" 14 20.78 (1.48)°
2 DEXA (0.2 mg/kg/day) 31 524(077) 30 15.45(2.87)

3 DEXA (0.8 mg/kg/day) 19 4.45(0.60) 18 11.36(3.77)

Brain 1 Saline (1 mL/kg/day) 13 025(002) 14 0.84(0.03)
2 DEXA(0.2mgkg/day) 5 0.29(0.03) 29 0.71(0.09)

3 DEXA (0.8 mg/kg/day) 5 0.24(0.02) 18 0.63(0.10)

P1d, postnatal 1 day; P10d, postnatal 10 day; DEXA, dexamethasone;
N, number; SD, standard deviation.
*p<0.05 by Kruskal-Wallis test.
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Fig. 1. The histological findings of cerebral cortex and cerebellar cortex of control newborn rats at postnatal days 1 and 10. The cerebral
cortex at postnatal day 1 shows cortical plate consisting of primitive cells, which are strong positive with PCNA antibody (A, B). The cere-
bral cortex at postnatal day 10 shows well differentiated cortical neurons and less numbers of PCNA positive cells (D, E). The cerebellar
cortex at postnatal day 1 shows poorly defined granular cells and Purkinje cells (C), compared with the cerebellar cortex at postnatal
day 10, which shows well differentiated Purkinje cells with well defined dendritic processes in molecular cell layer (F). A: H&E, B and E:
PCNA, C and F: GDNF, D: tubulin.
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Fig. 2. The histological findings of 0.2 mg/kg dexamethasone injected newborn rats at postnatal day 1. The cerebral cortex (A) shows
edematous distorted cortical plate and the cerebellar cortex (B) shows irregular arrangement of primitive PCNA positive cells and poorly
defined Purkinje cells. The hippocampus (C, D) shows edema and irregular zonal arrangement of neurons in CA4 and dentate gyrus
with many PCNA positive cells. A and C: H&E, B and D: PCNA.

Table 3. Mean numbers of neurons and ratio of PCNA positive
cells in internal granular cell layer of cerebellar cortex of new-
born rats at postnatal day 10

Cell numbera® Positivityb®
Group  Treatment N mean (+SD) mean (+SD)
1 Saline (1 mL/kg/day) 3 179.0 (43.0) 0.17 (0.05)
2 DEXA(0.2mg/kg/day) 3 141.7 (79.0) 0.25(0.03)
3 DEXA (0.8 mg/kg/day) 3 169.3 (73.0) 0.36 (0.05)
N, number; SD, standard deviation; PCNA, proliferating cell nuclear

antigen.
2p=0.09 by Kruskal-Wallis test, ®p=0.03 by Kruskal-Wallis test.
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Fig. 3. The PCNA positive cells in the cerebellar cortex of control and dexamethasone injected newborn rats at postnatal day 10. The
control rats (A, B) show well differentiated cerebellar folia with scattered PCNA positive cells. Compared with the control rat (B), 0.2 mg/kg
(C) and 0.8 mg/kg (D) dexamethasone injected rats show smaller folia with increased numbers of PCNA positive cells. The changes are

dose-dependent.
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Fig. 4. The GDNF reaction in Purkinje cells of dexamethasone injected newborn rats at postnatal day 10. The 0.2 mg/kg dexamethasone
injected rat (A) shows stronger positive reaction in Purkinje cells compared with the 0.8 mg/kg dexamethasone injected rat (B).

Fig. 5. The development of cerebellar Purkinje cells of control and dexamethasone injected newborn rats at postnatal day 10. The Purk-
inje cells in 0.8 mg/kg dexamethasone injected rat (B) shows poorly developed dendritic processes compared with control rats (A).
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Fig. 6. The electron microscopic findings of cerebral and cerebellar cortex of control and dexamethasone injected rats at postnatal days
1 and 10. The electron microscopic examination shows edematous and degenerated dendrites with decreased organelles in the cerebral
cortex of 0.8 mg/kg dexamethasone injected rat at 1 day (B) and the cerebellar cortex of 0.8 mg/kg dexamethasone injected rat shows
similar changes at 10 days (D) compared with the control rats at 1 day (A) and 10 days (C). A and B: x 13,600, C: x 20,400, D: x 25,500.
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Fig. 7. Western blot of whole brain homogenates of control and
dexamethasone injected newborn rats at postnatal days 1 and
10. Western blot of 1-day-old and 10-day-old newborn rat brain
shows a single band of approximately 34 kDa. Male and female
rats show similar findings in control and dexamethasone injected
groups.
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