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OGAWA, T., M. MIKUNI, Y. KURODA, K. MUNEOKA, K. J. MORI AND K. TAKAHASHI. Periodic maternal 
deprivation alters stress response in adult offspring: Potentiates the negative feedback regulation of restraint stress-induced 
adrenocortical response and reduces the frequencies of open field-induced behaviors. PHARMACOL BIOCHEM BEHAV 
49(4) 961-967, 1994.--The effects of periodic maternal deprivation (PMD) treatment on the adrenocortical stress response 
and on open-field behavior in adult offspring were investigated. Sprague-Dawley rat pups were deprived of mothers daily for 
4.5 h during the first 3 weeks of life. PMD treatment resulted in lower corticosterone levels during restraint stress later in life. 
The result of dexamethasone suppression test indicated that PMD treatment caused a potentiation of the negative feedback 
function of adrenocortical response. These effects of PMD were not accompanied by an increased density of the hippocampal 
glucocorticoid receptor which has been reported to be induced in neonatal handling treatment (brief 15-min maternal depriva- 
tion). Serotonin (5-HT)-2 and B-adrenergic binding sites were also examined in cerebral cortex and no change of binding 
capacities were induced by PMD treatment. In the open-field test, PMD treatment decreased the number of ambulations and 
rearings but did not affect a frequency of defecation. From these results, it is suggested that PMD treatment leads rats to be 
insensitive to environmental stimuli in adulthood. 
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Adrenocortical stress response 

N O R M A L  m o t h e r - i n f a n t  in te rac t ions  are critical for growth  
and  deve lopment  in m a n y  m a m m a l i a n  species, and  ma te rna l  
depr iva t ion  is a p r o f o u n d  stress tha t  affects  physiological  and  
behaviora l  func t ions  in the  of f spr ing  (1,5,8,15,31). However ,  
it is well k n o w n  tha t  beg inning  on  a b o u t  pos tna ta l  day 2 and  
cont inuing  in to  the  second week o f  life, ra t  pups  fail to  re- 

spond  or  respond only weakly to a variety of  stressful stimuli ,  
including ma te rna l  depr ivat ion,  ether ,  and  surgery stresses 
(28,30,32,33). Moreover ,  basal  cor t icosterone levels in p lasma 
decline dramat ica l ly  dur ing this per iod (17,28). Thus,  this pe- 
r iod o f  adrenocor t ica l  quiescence has been te rmed the stress 
hyporespons ive  period.  On the o ther  hand ,  it is also well 
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known that in the immature brain, many neurotransmitters 
act as developmental signals or regulators, resulting in perma- 
nent changes in the densities of several neurotransmitter recep- 
tors once that the brain has matured (26,34,35). Thus, the 
recent concept of a programmable receptor depending on lev- 
els of neurotransmitters during development could explain 
many findings of altered receptor density seen in the matured 
brains from human disease states or predisposition (34). Sev- 
eral lines of evidence suggest that further studies are needed to 
determine whether or not stressful stimuli during the stress 
hyporesponsive period can alter the adrenocortical stress re- 
sponse and several neurotransmitter receptors in the adult 
brain. 

Brief 15-min maternal deprivation periods for the first 3 
weeks of life, termed postnatal handling, is well documented 
to reduce hypothalamo-pituitary-adrenal (HPA) responses to 
a stressful stimulus in adulthood (16). This difference is re- 
flected in smaller increases in plasma adrenocorticotropin 
(ACTH) and corticosterone levels during stress and a faster 
return to basal levels following the termination of stress (16). 
In addition, it has been demonstrated that the brief 15-min 
handling-induced hypothermia resulted in an increase in the 
thyroid hormone secretion and 5-hydroxytryptamine (5-HT) 
turnover producing the increased binding capacity of gluco- 
corticoid receptors in the hippocampus (14,18,19). On the 
contrary, Plotsky and Meaney have reported that rat pups 
exposed to 3 h of periodic maternal deprivation for 2 weeks in 
early life showed increased hypothalamic corticotropin- 
releasing hormone (CRH) mRNA levels and CRH content in 
median eminence compared with the brief 15-min handled 
animals in adulthood, and showed a significant difference in 
corticosterone secretion during and after restraint stress, com- 
pared with the brief 15-min handled animals (24). However, 
prolonged maternal deprivation for 16 h is known to result in 
stress-induced hyporesponsiveness of emotionality in adult- 
hood (31). Little is known about the mechanisms that underlie 
the differences in HPA activity between postnatal handled 
and nonhandled animals and about the specificity of the 15- 
minute maternal deprivation. Thus, we have investigated the 
effect of 4.5 h maternal deprivation for the first 3 weeks of 
life on the negative feedback activity against adrenocortical 
stress response and stress-induced behaviors in adulthood. We 
also investigated the densities of several receptors including 
neurotransmitter receptors and glucocorticoid receptors in the 
adult brain. 

METHOD 

Animals 

We used a total of 60 male pups from 14 litters obtained 
from pregnant Sprague-Dawley rats, which were purchased 
on gestation day 7 from Japan Clea Laboratories. On the 
day of birth (day 0) litters were crossfostered. Crossfostering 
consisted of removing half number of a litter from their bio- 
logical mother and placing them with another lactating female 
(nonbiological mother). Seven litters were designed as periodic 
maternal deprivation groups (PMD). PMD consisted of re- 
moving the mother and then 10 pups (six to seven male and 
three to four female) from their home cage, and placing the 
pups into another cage without bedding material for 4.5 h. 
The mothers were left in their home cages during this period. 
PMD occurred once per day (1000-1430 h) for the first 3 
weeks of life. The other seven litters as control groups, were 
left completely undisturbed throughout this period except for 
cleaning the bedding material once a week. On day 22, the 

animals were weaned and housed in same-treatment groups 
of two or three. Only male rats were used in the following 
experiments. In addition, we used 32 rats from 16 litters, 
which were treated neonatally with 5,7-dihydroxytryptamine, 
antidepressant, or vehicle, to investigate the correlation be- 
tween body weight and stress-induced corticosterone release at 
7 weeks of life. 

Blood Sampling Under Basal Conditions and 
During Restraint Stress 

Restraint stress was performed using tubular stainless steel 
restrainers. At 7 weeks of life, the rats of PMD groups and 
control groups were restrained for 2 h and blood samples (25- 
50 #1) were taken from the tail vein at various times during and 
following stress, to compare the stress-induced corticosterone 
response. A blood sample for basal corticosterone level was 
taken from the animal in the home cage before the animal 
was placed into the restrainer. In the suppression experiments, 
animals at 8 weeks of life were injected subcutaneously with 
dexamethasone (DEX, 10 or 100 #g/kg) 3 h prior to a 20-min 
restraint stress and a blood sample was taken 20 min following 
the onset of restraint. Two-hour restraint stress-induced corti- 
costerone response and dexamethasone suppression tests were 
repeated at 20 and 21 weeks of life, respectively. At 14 weeks 
of life, the rats were treated with 1 #g/kg of corticotropin- 
releasing hormone (CRH, ovine CRH, Bachem, CA) subcuta- 
neously and a blood sample was taken 20 min following the 
CRH administration to measure corticosterone levels. To esti- 
mate the pituitary response to CRH, we handled animals for a 
few minutes and treated with saline for 5 consecutive days to 
minimize the injection stress before CRH administration. 

The corticosterone level was measured by radioimmunoas- 
say as previously described (9). Blood sample (20 or 50/zl) was 
extracted with 1 ml of ethanol and centrifuged at 2300 × g 
for 30 min. The solvent (50-500 #1) was decanted into a glass 
tube and dried by exposure to nitrogen gas. The dried extract 
was assayed in duplicate by adding phosphate assay buffer, 
100 #1 of antiserum (UCB-Bioproducts S.A. Belgium, dilution 
factor 1 : 40000) and 100 ~1 of [1,2,6,7,-3H (N)]-corticosterone 
(New England Nuclear, Boston, MA, approximately 10000 
cpm) to a final volume of 700 #1. The tubes were incubated at 
37°C for 30 min followed by overnight incubation at 4°C. 
The separation of bound and free hormone fractions was 
achieved by adding 500 #1 of dextran/charcoal (0.25o7o/ 
0.025°7o in phosphate buffer). The bound radioactivity was 
determined using a liquid scintillation counter. The standard 
curve ranged from 4 to 2000 pg/tube of corticosterone. The 
method has a sensitivity of 4 pg/tube and intraassay variation 
between 5.7 and 7.3°70. 

Glucocorticoid Receptor Binding Assay 

At 10 weeks of life, the density of glucocorticoid receptor 
binding sites was compared in the hippocampus from rats of 
the PMD groups and control groups. 

The hippocampi were dissected from rats that were adre- 
nalectomized under sodium pentobarbital anesthesia (Nembu- 
tal, Abbott, 40 mg/kg, IP) 16 h before decapitation. The 
tissue was homogenized in an ice-cold 30 mM Tris, 1 mM 
ethylenediaminetetraacetic acid (EDTA), 10 mM sodium mo- 
lybdate, 10°70 (v/v) glycerol, and 1 mM dithiothreitol buffer 
(pH 7.4; TEDGM buffer) and centrifuged at 105,000 × g for 
60 min (16,18). A resulting cytosol extract was then incubated 
with [3H]dexamethasone (New England Nuclear, spec. act. 
44.7 Ci/mmol; 9 nM). Nonspecific binding was determined 
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with parallel incubation containing a 500-fold excess o f  nonra- 
dioactive corticosterone. After  20 h incubation at 4°C,  dex- 
t ran/charcoal  (2.5070/0.25% in T E D G M  buffer) was added to 
the incubate and then the solution was centrifuged at 3000 
rpm. Radioactivity o f  the supernatant was determined by liq- 
uid scintillation spectrometry. The protein content in the cyto- 
sol extract was determined by the method of  Lowry (11). 

A drenergic and Serotonergic Receptor Binding Assay 

At 10 weeks of  life, the densities of  serotonin (5-HT)-2 
receptor and 3-adrenergic receptor binding sites in the cerebral 
cortex from the two groups of  rats were also compared.  

Cerebrocortical  tissues were homogenized in 25 vol (w/v)  
o f  ice-cold 50 mM Tris-HC1 buffer  containing 1 mM E D T A  
(pH 7.7 at 25°C) and then centrifuged at 49000 × g for 15 
min. The resultant pellets were resuspended in the same buffer 
without E D T A  and centrifuged. This procedure was repeated 
once more and the final membrane  pellets were suspended in 
50 vol of  the same buffer.  The membrane suspensions were 
incubated with 0.5 nM [ethylene-3H]ketanserin hydrochloride 
(New England Nuclear,  Boston, MA) at 25°C for 60 min or 
3H-CGP12177 [4-(3-tertiarybutylamino-2-hydroxypropoxy)- 
benzimidazol-2-one hydrochloride] at six different concentra- 
tions of  0.06-2.0 nM at 37°C for 30 rain. Nonspecific binding 
was defined with 10 #M of  methysergide for ketanserin bind- 
ing and with 10 #M of  ( - ) p r o p r a n o l o l  for CGP12177 bind- 
ing. The incubation was terminated by rapid fil tration through 
G F / B  filter (Whatman) under reduced pressure. The filter was 
washed three times with 5 ml of  ice-cold buffer.  Radioactivity 
of  the filter was determined by liquid scintillation spectrom- 
etry. 
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FIG. 2. Corticosterone levels prior to, during, and following the ter- 
mination of a 2 h restraint stress at 20 weeks of life. The values are 
mean + SEM of eight rats. No significant effect of PMD treatment 
was indicated, F(1, 14) = 1.28. 

Its f loor was divided into 19 squares. Animals were placed at 
a starting point in the center of  the field and the number of  
squares entered with all four paws, rearings, and fecal pellets 
were scored for 5 min. This test was carried out between 0930 
h and 1300 h under vivarium lights. 

Open-Field Test 

The open-field test was performed at 6 weeks of  life. The 
open-field apparatus was a circular arena (60 cm in diameter). 
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FIG. 1. Corticosterone levels prior to, during, and following the ter- 
mination of a 2 h restraint stress at 7 weeks of life. The values are 
mean + SEM of eight rats per group. A significant effect of PMD 
treatment, F(1, 14) = 8.61, p < 0.01, and of time, F(2, 28) = 15.9, 
p < 0.0001, and no PMD × time interaction, F(2, 28) = 3.3, during 
stress were indicated. *,**Significantly different from control group 
a tp  < 0.05, 0.01 by Student's t-test. 

Statistics 

The resultant values were analysed for significance using a 
two-way repeated measures A N O V A  followed by a Student's 
t-test for corticosterone levels and a Mann-Whi tney  U-test for 
behavioral  measures. 

R E S U L T S  

Corticosterone Levels Under Basal Condition 
and Stressful Condition 

The corticosterone secretion during 2-h restraint stress 
treatment at 7 weeks of  life of  rats treated with periodic mater- 
nal deprivation (PMD) was less than that of  the control groups 
(Fig. 1). This difference in the corticosterone secretion during 
stress treatment is statistically significant, al though the basal 
corticosterone levels and the corticosterone secretion after the 
termination of  stress treatment were not different between the 
two groups. However,  this lower response in corticosterone 
secretion to restraint stress in the P M D  groups was no longer 
apparent at 20 weeks of  life (Fig. 2). In addition, the cortico- 
sterone levels 20 min after corticotropin-releasing hormone 
(CRH) administration to the control and P M D  groups at 14 
weeks of  life were 85.8 _+ 13.8 and 105.7 _+ 12.1 ng /ml ,  re- 
spectively. CRH-induced corticosterone secretion was not sig- 
nificantly different between the two groups at 14 weeks of  
life. The P M D  groups were conspicuously lighter than control 
groups at weaning (control, 50.3 +_ 1.2 g; PMD,  44.6 + 1.0 
g, n = 21/group,  p < 0.01), and this tendency continued un- 
til 8 weeks of  life, but not at 20 weeks of  life. In addition, 
there is no correlation between body weight and restraint 
stress-induced corticosterone levels in same age animals and 
with same range of  body weight (r = 0.1). 
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Dexamethasone Suppression Test 400 

Dexamethasone pre t rea tment  potently inhibited the re- ._. 
straint stress-induced cort icosterone secretion with a tendency -~ 
of  dose-dependent  manner  (Fig. 3). In the P M D  groups,  pre- "~ 300 
t reatment  with dexamethasone  inhibited stress-induced corti- = 
costerone secretion to a greater extent than in the control  ,~ 
group at 8 weeks of  life by 68070 for P M D  and by 42070 for = Q 

controls (Fig. 3). This result showed that  dexamethasone ~ 200 
tended to be more  potently inhibited in the P M D  group than 
in the control  group,  and this potent ia ted dexamethasone  sup- .~, 
pression in the P M D  group was conf i rmed at 21 weeks of  life ~- o I00 
(Fig. 4). PMD-produced  potent ia t ion of  negative feedback ~3 
regulation of  stress-induced cort icosterone secretion in adult- 
hood  was unlikely due to weight loss produced by malnutri-  
t ion during the nursing period,  because the mother-depr ived 0 
animals had similar weights as the control  animals at 21 weeks 
of  life. 

GlucocorticoM Receptor and Monoaminergic Receptor 
Binding in the Brain 

As shown in Fig. 5, there was no difference in dexametha-  
sone binding density in the h ippocampus  between the P M D  
and control  groups.  More than 80070 of  the specific binding of  
dexamethasone  defined by 5/~M cort icosterone in the hippo-  
campus was displaced by 1 #M of  specific glucocort icoid re- 
ceptor ligand, Ru 28362 or Ru 38486. We conclude that  these 
dexamethasone binding densities mainly express the density of  
the glucocorticoid receptors in the h ippocampus .  

As shown in Table 1, there were also no differences in the 
densities o f  5-HT-2 and O-adrenergic receptors in the cerebral 
cortex labeled by ketanserin and CGP12177, respectively, be- 
tween the two groups.  
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FIG. 3. Effect of pretreatment with dexamethasone (DEX) on corti- 
costerone levels 20 min following an onset of restraint stress. Three 
hours before restraint stress, rats were injected with 10 or 100 p.g/kg 
of DEX at 8 weeks of life. Data at a dose of 0 #g/kg were taken 
from Fig. 1. The values are mean +_ SEM of eight rats per group. 
Significant effects of PMD treatment, F(1, 14) = 6.45, p < 0.05, 
and of DEX, F(2, 28) = 15.8, p < 0.0001, were indicated. *,**Sig- 
nificantly different from control group a tp  < 0.05, 0.01 by Student's 
t-test. The values in parenthesis indicate the percentage of corticoste- 
rone levels to levels at 0/zg/kg of each group. These values show a 
tendency that 10 p.g/kg of DEX caused more potent inhibitory effect 
in PMD group than in control group (p < 0.06 by Student's t-test). 
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FIG. 4. Effect of pretreatment with dexamethasone (DEX) on corti- 
costerone levels 20 min following an onset of restraint stress. Three 
hours before restraint stress, rats at 21 weeks of life were injected with 
10 or 100 p.g/kg of DEX. Data at a dose of 0/~g/kg were taken from 
Fig. 2. No significant effect of PMD treatment, F(1, 14) = 3.87, and 
a significant effect of DEX, F(2, 28) = 135.9, p < 0.0001, and a 
significant interaction PMD × DEX, F(2, 28) = 5.95, p < 0.01, 
were indicated. **Significantly different from control at p < 0.01 by 
Student's t-test. The values in parenthesis show the percentage of 
corticosterone levels to levels at 0/~g/kg of each group and indicate 
that 10/zg/kg of DEX caused more potent inhibitory effect in PMD 
group than in control group (p < 0.01, by Student's t-test). 

Open-Field Test 

Significant reductions in the numbers  of  squares crossed 
and rearings were observed in the P M D  group at 6 weeks of  
life, while defecation scores were not different  between the 
two groups (Fig. 6). 

DISCUSSION 

In the present study, it was clearly demonst ra ted  that peri- 
odic maternal  deprivation (PMD) for 4.5 h during the first 3 
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FIG. 5. [3H]Dexamethasone binding capacities of hippocampal tis- 
sues from rats at 10 weeks of life that were subjected to stress tests at 
7-8 weeks of life. The values are mean _+ SEM of eight rats per 
group. [3H]Dexamethasone binding capacities in the hippocampus 
were estimated using a single point assay. 
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TABLE 1 
[3H]KETANSERIN AND [3H]CGP12177 BINDING IN CEREBRO- 

CORTICAL TISSUES FROM RATS AT 10 WEEKS OF LIFE 

[3H]Ketanserin Bound [3H]CGP12177 Bound 
Group (fmol/mg prot.) Bm~(fmol/mg prot.) Kd(nM) 

Control 125.6 +_ 2.98 102.4 +_ 2.35 0.23 + 0.003 
PMD 131.0 + 2.19 98.4 + 0.79 0.23 + 0.009 

The values are mean _+ SEM of six rats per group. 3H-ketanserin 
binding capacities in the cerebral cortex were estimated using a single 
point assay. 

weeks of life resulted in the potentiation of dexamethasone- 
induced inhibitory effect on restraint stress-induced cortico- 
sterone secretion and in the reduction in the numbers of 
squares crossed and rearings in adulthood. It was also demon- 
strated that these alterations in the neuroendocrine function 
and behavior, manifested under stressful conditions, were not 
correlated with the alterations in the densities of the glucocor- 
ticoid receptors in the hippocampus, or of 5-HT-2 and 8- 
adrenergic receptors in the cerebral cortex. 

One may question if difference in body weight induced by 
PMD affects the stress-induced corticosterone response and 
the inhibitory potency of dexamethasone. It should be noted, 
however, that PMD treatment potentiated the inhibitory po- 

SO f ~ m b u l a t i o n  • (a) 

10 
0 

Control PMD 101il  Rea 'n. • 
o - P'//-Tf//A 

Control PMD 

Defecation (c) 

Control PMD 
FIG. 6. Open-field behavior (ambulation (a), rearing (b), and defeca- 
tion (c)) during 5 min at 6 weeks of life. The values are mean +_ SEM 
of 14 rats per group. *Significantly different from control group at 
p < 0.05 by Mann-Whitney U-test. 

tency of dexamethasone to suppress restraint stress-induced 
corticosterone response at 21 weeks of life as well as 8 weeks 
of life, although the PMD group was no longer lighter than 
control group at 21 weeks of life. In addition, there is no 
correlation between body weight and restraint stress-induced 
corticosterone levels. 

Brief 15-rain maternal deprivation for the first 3 weeks of 
life, termed postnatal handling is well documented to reduce 
hypothalamo-pituitary-adrenal (HPA) responses to a stress- 
ful stimulus in adulthood (16). This difference has been most 
commonly reported as a smaller increase in plasma corticoste- 
rone levels during stress and a faster return to basal corticoste- 
rone levels following the termination of the stress, and an 
increase in hippocampal glucocorticoid receptor binding ca- 
pacity, which appears to enhance the efficacy of negative feed- 
back inhibition on HPA activity (16,27). It is clear that some 
of the effects of 4.5-h periodic maternal deprivation on the 
regulating mechanisms of HPA response to stressful stimuli 
are similar to those of the brief 15-min handling, suggesting 
that stressful stimuli during early 3 weeks of life may alter the 
stress response in adulthood, and the brief 15-min handling 
is not specific regarding this effect. The most reliable and 
pronounced difference in the HPA response to stress between 
the PMD groups and control groups is the potentiation of 
exogenous steroid, dexamethasone-induced inhibitory effect 
on stress-induced corticosterone secretion. However, regard- 
ing the effect of the brief 15-rain handling, the lower response 
in corticosterone secretion to restraint stress in the PMD 
groups seems to be transient. This may be due to some alter- 
ations in the regulatory activities occurring at various sites 
of the limbic-hypothalamo-pituitary-adrenal axis during the 
development until the young adult stage. This lower response 
was no longer apparent at 20 weeks of age and CRH-induced 
corticosterone secretion was not significantly different be- 
tween the PMD groups and controls at 14 weeks of life. In 
addition, a faster return to basal levels following the termina- 
tion of the stress was not observed in the PMD groups, al- 
though the most pronounced difference in the HPA response 
to stress between handled and nonhandled animals is consid- 
ered to be the elevated poststress levels of corticosterone in the 
nonhandled animals (16). Recently, Plotsky and Meaney have 
reported that rat pups exposed to 3 h of periodic maternal 
deprivation for 2 weeks in early life showed increased hypo- 
thalamic CRH mRNA levels and CRH contents in median 
eminence compared with control animals in adulthood, but 
showed no difference in corticosterone secretion during and 
after restraint stress, compared with control animals (24). 
Thus, these authors have emphasized that the effects of brief 
15-min handling and periodic maternal deprivation for 2 
weeks on corticosterone secretion during and after stressful 
stimuli were in opposition. It is well-known that in the course 
of normal mother-pup interactions the dam routinely leaves 
her pups for periods of 15-25 min, whereas prolonged mater- 
nal deprivation is unusual and more stressful for pups. How- 
ever, it is difficult to conclude that the effects of the brief 
15-min handling and prolonged maternal deprivation on adult 
HPA function were in complete opposition. This is because 
both brief 15-rain handling and PMD, as tested here, potently 
enhanced the negative feedback sensitivity to glucocorticoid 
against stress-induced corticosterone response, although brief 
15-min handled and PMD-treated animals differ in some neu- 
roendocrine response to stress in adulthood. Several studies 
have demonstrated that neonatal rats exhibit an enhanced pi- 
tuitary and hypothalamic sensitivity to glucocorticoid during 
the stress hyporesponsive period (SHRP) and that the expres- 
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sion of hypothalamic CRH gene and pituitary POMC gene is 
reduced during the first week of life within the SHRP, suggest- 
ing that an impaired regulation of the CRH-synthesizing neu- 
rons may account for the SHRP. Thus, the repeated stress 
such as PMD or exogenous CRH administration during SHRP 
may confer effects on the development of the neuronal circuit, 
which regulates stress-induced adrenocortical response, and 
may alter the activity of  the glucocorticoid-responsive ele- 
ments in the promoter region of the CRH gene and/or  POMC 
gene. Indeed, Insel et al. have reported that the repeated ad- 
ministration of CRH during neonatal period resulted in blun- 
ted corticosterone response to stress in adulthood (6). The 
present study has also demonstrated that the PMD treatment 
produced an enhanced negative feedback sensitivity to dexa- 
methasone inhibiting stress-induced corticosterone secretion 
in adulthood. 

Glucocorticoid receptors (GR) and mineralocorticoid re- 
ceptors (MR) in the hippocampus appear to mediate the nega- 
tive feedback effects of steroids on HPA axis (3,4,7,25). GR 
has a low affinity for corticosterone and appears to regulate 
the secretion of  CRH associated with stress, while MR has a 
high affinity for corticosterone and appears to mediate the 
negative feedback effects of  the low levels of  corticosterone 
on the basal circadian rhythm of the pituitary-adrenal secre- 
tion (2-4,25). Sarrieau et al. have reported that the brief 15- 
min handling treatment resulted in an increase in GR binding 
capacity in the hippocampus but not in MR binding capacity 
(29). In the present study, however, PMD treatment did not 
alter the binding density of [3H]dexamethasone in the hippo- 
campus, even though PMD treatment as well as brief 15 min 
handling produced the potentiation of inhibitory effect of dex- 
amethasone on stress-induced corticosterone secretion. This 
discrepancy may suggest the possibility that dexamethasone 
binding sites in other brain areas including the hypothalamus 
and the pituitary are also responsible for PMD-induced or 
brief handling-induced potentiation of the inhibitory effect 
of dexamethasone on stress-induced corticosterone response. 
Another possible explanation of  the discrepancy is the differ- 
ent strains of rats used. Mitchell et al. have clearly demon- 
strated that brief 15-min handling-induced hypothermia re- 
sulted in an increase in the thyroid hormone secretion and 
5-HT turnover, which produced the increased binding capac- 
ity of GR, and in addition, the blockade of 5-HT transmission 
during early life produced a decreased binding capacity of GR 
in the hippocampus of Long-Evans rats (18,19). In contrast, 
we found that neonatal treatment with a 5-HT neurotoxin, 
5,7-dihydroxytryptamine failed to alter the adrenocortical re- 
sponse to stressful stimuli and the binding capacity of [3H]dex- 
amethasone in the hippocampus of Sprague-Dawley rats (20). 
Further investigations are needed to clarify the responsible 

sites, using methods such as in situ hybridization histochemis- 
try of GR mRNA, because adrenalectomy treatment, which is 
needed to avoid the endogenous corticosterone competing 
with [3H]dexamethasone binding, may, consequently, alter the 
state of the HPA axis. 

Several investigators have demonstrated that chronic treat- 
ment with restraint stress, foot shock stress, or running wheel 
stress produced a decrease in 13-adrenergic receptor density 
and an increase in serotonin (5-HT)-2 receptor density in the 
cerebral cortex of adult rats, but we and other investigators 
did not (12,13,21). Recent progress in developmental neurobi- 
ology clearly demonstrates that an altered monoamine metab- 
olism in an immature brain permanently determines the den- 
sity of monoaminergic receptors in a mature brain (22,23,34). 
Thus, it had been expected that some stressful condition in the 
early life might alter the densities of 5-HT-2 and i3-adrenergic 
receptors in the cerebral cortex in adulthood, if the metabo- 
lism of monoaminergic transmitters, which may act as devel- 
opmental signals, are altered in the immature brain under 
stressful conditions such as prolonged maternal deprivation. 
Unexpectedly, PMD treatment did not alter the densities of 
5-HT-2 and 13-adrenergic receptors in the cerebral cortex in 
adulthood. 

In the open-field test, the rats treated with the PMD 
showed a reduction in the frequencies of squares crossed and 
rearings; this may suggest that these rats were more anxious 
than controls. This speculation, however, is not supported, 
because no difference was found on defecation scores between 
the PMD and control groups. The works reported by Levine 
et al. are well known to have demonstrated that brief 3-rain 
handled rats during first 3 weeks were more active in the open 
field in adulthood (10). They had examined open-field behav- 
ior for 4 consecutive days, and found that handled rats 
showed more activity on the last 3 days, but were less active 
on the first day (10). Thus, it is noteworthy that the effects of 
PMD, demonstrated in the present study, and brief handling 
on behavioral response to stressful situation in adulthood may 
not be a contradiction, even though we did not examine open- 
field behavior for consecutive days. 

Considering the present results of endocrinological and be- 
havioral responses to stressful situation, it can be concluded 
that the PMD treatment leads rats to be insensitive to environ- 
mental stimuli in adulthood. 
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