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Rats were injected bilaterally in the dorsal and ventral hippocampus with kainic acid (KA) or with artificial CSF and their behavior 
and brain corticosterone (B) receptor systems were studied. The hippocampal KA injection destroyed part of the pyramidal neurons 
and of the dentate gyrus neurons. These neurons contain a receptor system for B. At 2 weeks after the KA lesion this B receptor sys- 
tem displays an increase in apparent maximal binding capacity (Bmax) of approximately 25%. The compensatory increase in B recep- 
tor concentration is reflected in an increased uptake of [3H]B in cell nuclei of hippocampal slices incubated in vitro with saturating con- 
centrations of the steroid. Administration of a tracer dose of [3H]B shows that labelled steroid can enter in vivo the cell nuclear com- 
partment of the KA-lesioned lobe. 

The role of B was investigated on novelty-induced behavioral activities of KA-lesioned and sham-lesioned animals in a large open 
and a small closed field at 10 days after bilateral adrenalectomy (ADX) or sham-ADX which is 14 days after the (sham) lesion. B (300 
#g/kg rat) was administered s.c. 1 h prior to the test. KA lesion resulted in an increase in exploratory activity and a reduction in groom- 
ing and immobility. After ADX the effect of KA on exploration was reduced in the 5 min open field and abolished in the 30 min closed 
field. ADX animals displayed more grooming behavior (closed-field). B replacement of ADX rats reinstated the exploratory hyperac- 
tivity of KA-lesioned rats. On some components of the behavior such as ambulation in open-field and locomotion in closed field, there 
was even a larger responsiveness to B in the KA-lesioned rats than in the control animals. 

It is concluded that (1) after KA lesion of receptor containing neurons, the remaining tissue displays a compensatory increase in 
number of B receptor sites; (2) B is required for full expression of exploratory activity of rats with or without KA lesions; (3) the KA- 
lesioned rats display a larger responsiveness to B; and (4) the increased number of B receptor sites may underlie the larger responsive- 
ness to B. 

INTRODUCTION 

Corticosterone (B), the principal glucocorticoid of 

the rat, restores certain behavioral disturbances that 

occur after bilateral adrenalectomy (ADX).  A D X  

disturbs forced extinction of a passive avoidance re- 

sponse 2.3 and extinction of appetitive motivated be- 

havior 28. Moreover,  novelty-induced exploratory be- 

havior is reduced in rats adrenalectomized 10 days 

previously 4.42. These behaviors are normalized with 

replacement of low doses of B, but not with dexame- 

thasone (DEX),  aidosterone (ALDO) ,  deoxycorti- 

costerone or progesterone 3.4,28,42,43. 

The dose of B necessary to restore behavior of 

A D X  rats and the remarkable specificity of B in this 

respect meet the properties of the B receptor system 

in rat brain. The receptor system specifically binds B, 

but not synthetic glucocorticoids such as dexametha- 

sone and is predominant ly  retained in cell nuclei of 

neurons of limbic brain regions, in particular the hip- 

pocampus 11,13,22,25.37.38.41. Moreover,  the B-receptor 

system has a low binding capacity and 40-80% of the 

binding sites is occupied by endogenous hormone at 

plasma B levels in the physiological range 3. These 

characteristics of localization, steroid specificity and 

capacity favored the hypothesis that the hippocampal 

B receptors mediate the modulatory action of B on 

adrenal dependent  behavior4,10. 

Previously, it was found that unilateral removal of 

the dorsal hippocampus resulted in a compensatory 
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increase in number of B-receptor sites in the remain- 

ing contralateral lobe3L In the present study it was at- 

tempted to modify the number of B receptor con- 

taining neurons in the hippocampus with an intrahip- 

pocampal injection of kainic acid (KA) 39. Intraven- 

tricular or systemic injection of KA destroys, besides 

other neurons, the hippocampal pyramidal neurons, 

but spares the neurons of the dentate gyrus 3~. lntra- 

hippocampal injection restricts neuronal loss to the 
hippocampus per se and causes a loss of dentate gy- 

rus and pyramidal neurons ~4.15. However, this route 

of administration is also known to leave at larger dis- 

tance from the injection site a number of hippocam- 
pal neurons undamaged12.45. 

A bilateral injection of KA in the dorsal and ven- 

tral hippocampus was used in this study. In the first 

series of experiments it was found that the number of 

soluble B-receptor sites was increased in the remain- 
ing hippocampal tissue after this lesion. In view of 
this finding the behavioral responsiveness to B re- 
placement was investigated of rats that were adrenal- 

ectomized and KA lesioned. 

METHODS 

Animals and surgery 

Male Wistar rats weighing 200-220 g at the time of 

operation were housed 4-5 per cage under a con- 
trolled light-dark cycle (light on from 05.00 to 19.00 

h). Surgery and intracerebral injections were per- 

formed under Hypnorm anesthesia. Kainic acid 

(KA, Sigma, 3 nmol//A artificial CSF) 5 or the vehicle 

were infused for 2 min per each injection into the dor- 
sal and ventral hippocampi (3 and 1.5 nmol, respec- 

tively) with the aid of a guide cannula. The tip of the 
guide cannula was inserted stereotaxically according 

to the atlas of De GrootS: dorsal hippocampus A 3.4, 

L 2.3, D 2.4; and ventral hippocampus A 2.2, L 4.8, 
D 0.5. The needle protruded 100/~m into the brain. 
In order to prevent severe epileptic seizures diaze- 
pam (1 mg/rat) was injected i.p. at the end of the op- 
eration, and this injection was repeated at the ap- 
pearance of tremor or convulsions. Before returning 
animals to their home cages, another 1 mg of diaze- 
pam was injected intramuscularly. After the antiepi- 
leptic treatment, the mortality was less than 10% in 
the KA-injected group. Bilateral ADX or sham- 
ADX occurred under ether anesthesia and was per- 

formed through the lumbar approach 4 days after the 

intrahippocampal injections. The ADX rats were 

supplied with saline solution for drinking. 

Corticosterone treatment 

Corticosterone (Organon, Oss, The Netherlands) 

was dissolved in 2% ethanol/saline and was injected 

s.c. in a dose of 30/ag/100 g body wt. and in a volume 

of 0.2 ml/100 g body wt. The vehicle was given to the 
control animals. 

Behavioral procedures 

Behavioral tests were performed 10 days after 
ADX and sham-ADX, that is 14 clays after the bilater- 

al intrahippocampal KA injections. This time inter- 

val was selected in view of the time course of degen- 

eration and regeneration of hippocampal nerve ter- 

minals following KA lesion 26. The 14 days after the 

KA-lesion is presumably at the end of a period of in- 

tense synaptic regeneration. The 10 day period after 
ADX was selected in view of previous observations 

that showed this interval to be necessary for demon- 
stration of the effect of B on exploratory behavior 4,42 

Open-field activity was measured 1 h after B or vehi- 

cle injections in a circular open field. The open-field 

apparatus consisted of a walled circular arena (radi- 
us: 40 cm, height 31 cm). The floor was divided into 

oblong blocks with an 8 cm radius circle in the center 

for scoring ambulatory activity. The room remained 

dark during testing and a 60 W lamp 40 cm from the 
floor served as light source. The number of floor 

units crossed by the rats served as the measure of am- 

bulation and the number of rearings and the occur- 

rence of grooming episodes were also recorded dur- 
ing a 5 min observation period. 

The novelty-induced behavioral activity was also 

tested in a small closed field that consisted of mesh- 
covered separate chambers (30 × 30 × 30 cm) with 

non-transparent walls from all sides except the front 
wall, through which they were dimly illuminated. 

The floor of claambers was covered with wooden 
shavings like that of the rats home cages. Simulta- 
neously 6 rats were observed during a 30-min obser- 
vation period. The observation started 45 min follow- 
ing the B or vehicle injections. The technique of be- 
havioral sampling of 15 s each was used to describe 
behavior. The behavioral events were grouped into 4 
categories: (1) locomotion, all horizontal movements 



such as ambulation, sniffing with head turning etc; 
(2) rearing, all vertical movements; (3) grooming, in- 
cluding face washing, licking or scratching different 
parts of the body; and (4) immobility, which covered 
all episodes without apparent voluntary and involun- 
tary movements in the standing, rearing, sitting, and 
lying position. All behavioral data were transformed 
to percentage of the control, which allows a better 
comparison. 

Corticosterone receptor assay 
In all experiments the rats were sacrificed 15 days 

after bilateral hippocampal KA lesions, i.e. 11 days 
after ADX. For the in vitro binding studies with hip- 
pocampal cytosol, the rats were anesthetized with 
Nembutal and perfused with saline through the 
heart. Hippocampal lobes were removed from the 
brain on ice, weighed, homogenized, centrifuged and 
assayed for [3H]B binding as previously described II. 
[3H]B (spec. act. 50 Ci/mmol, New England Nuclear) 
was added to aliquots of the cytosol in a concentra- 
tion range of 1 × 10- t0 M to 2 × 10- 8 M. The incuba- 
tion medium was 5 mM Tris buffer (Tris/hydroxyme- 
thyl/aminomethane) containing 1 mM EDTA (ethyl- 
ene-diamine-tetra-acetate, disodium salt), 1 mM 2- 
mercaptoethanol and 5% glycerol adjusted to pH = 
7.4 with hydrochloric acid. Non-specific binding was 
determined in parallel incubations containing a 500- 
fold excess of unlabeled B. The data were analyzed 
according to Scatchard33. 

The competition by unlabeled steroids for the 
binding sites labeled with [3H]B under the various ex- 
perimental conditions was measured as described 
previously41.A fixed amount of [3H]B (5 nM) was 
used and various concentrations of unlabeled ster- 
oids were added (5, 15, 50,150 and 500 nM unlabeled 
steroid). 

For study of the uptake of [3H]B in cell nuclei, rats 
were lesioned unilaterally in the dorsal and ventral 
hippocampus with KA. The contralateral lobe served 
as control for the ipsilateral KA-injected lobe in the 
same animal. Sacrifice was 2 weeks after the lesion 
and 10 days after ADX. Cell nuclear uptake in vivo 
of [3H]B was performed as described previouslyJ 1.22. 
Briefly, [3H]B was injected intravenously in the tail 
vein in a dose of 1 nmol dissolved in 200/A of 2% 
ethanol/saline. Injected animals were sacrificed after 
1 h by decapitation. The hippocampus was dissected, 
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weighed and a cell nuclear fraction was purified by 
sucrose density centrifugation25. The radioactive 
steroid was extracted from this fraction and from an 
aliquot of the tissue homogenate with scintillation 
fluid (Baker Chemicals, Deventer, The Nether- 
lands). 

Cell nuclear uptake in vitro of [3H]B in tissue slices 
was performed as described previouslyll, 23. Briefly, 
tissue slices of 0.3 mm thickness were prepared with a 
tissue chopper. The slices were incubated with 2 x 
10-8 M [3H]B with or without 10-5 M unlabeled hor- 
mone for 60 min at 25 °C in a Krebs-Ringer bicarbo- 
nate buffer, pH = 7.4 equilibrated with 95% 02-5% 
CO 2. Slices were recovered by centrifugation and cell 
nuclei were isolated from slices with the standard 
method. All results of receptor assays and cell nucle- 
ar uptake experiments were expressed in fmol B/mg 
cytosol protein or cell nuclear protein. Protein deter- 
mination was performed by the method of Lowry et 
al. 20. The DNA content of the cell nuclear fraction 
was measured by the method of Burton 6. 

Unlabeled steroids, except Ru 26988, were a gift 
from Organon International (Oss, The Netherlands). 
Ru 26988 was kindly donated by the Roussel-Uclaf 
Research Center (Romainville, France). 

RESULTS 

Effect of kainic acid lesion on histology, tissue weight, 
protein and DNA content of the hippocampus 

A massive loss of pyramidal and also of granular 
cells was found in the vicinity of the KA lesions in the 
dorsal and ventral hippocampus. At larger distance 
from the injection site a number of pyramidal and 
granular cells escaped the neurotoxic lesioning. Fig. 
1 is representative for such a lesion. The KA injec- 
tion is applied unilaterally to make a comparison pos- 
sible with the undamaged contralateral hippocampus 
lobe. The figure shows that large amounts of the 
CAIII, CAIV and dentate gyrus neurons are remov- 
ed. However, the figure also shows that some neuron 
containing parts of the ipsilateral lobe are still pres- 
ent. 

The weight loss of the ipsilateral KA-injected lobe 
(--27%) was not so high as the decrease in protein 
content (--56%). A larger proportion of protein was 
soluble in the KA-lesioned animals; cytosol protein 
decreased by 40%, while the concentration of cyto- 
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Fig. 1. Histology of unilateral kainic acid lesion in dorsal and ventral hippocampus. Note that in the two sections A and C mainly CAlll 
and CAIV neurons are removed and that gyrus dentatus and CAI neurons escaped the lesion. B and D show almost complete lesioning 
of pyramidal and dentate gyrus neurons. 

TABLE I 

Unilateral lesion of the hippocampus with kainic acid: effect on tissue weight, protein and DNA content 

Data are mean ofn = 10 animals + S.E.M. 

KA-ipsilateral contralateral % change KA-ipsilateral Contralateral 
(l~g/mg tissue) (ltg/mg tissue) 

Tissue weight (mg) 43.5 + 1.6 59.6 + 1.4 --27 
Tissue protein (mg) 2.2 _+ 0.1 5.0 + 0.1 --56 50.7 _+ 3.0 83.3 + 1.6 
Cytosol protein (mg) 1.4 + 0.2 2.3 + 0.1 --40 32.7 + 3.0 38.4 _+ 1.6 
Tissue DNA ~g) 37.7 + 7.3 43.6 + 3.4 --14 0.9 + 0.2 0.7 + 0.1 

solic protein per mg tissue slightly increased. The 

DNA content  of the KA injected lobe was slightly, 

but not significantly, lower than that of the contralat- 

eral lobe ( - -14%) .  The D N A  concentrat ion per mg 

tissue which may be considered a measure of cell 

density, was not altered significantly in the ipsilateral 

KA-lesioned side (Table I). 

Effect o f  kainic acid lesion on the hippocampal corti- 

costerone receptor system 

The maximal binding capacity (Bmax) and affinity 

(Kd) of the receptor sites for B after bilateral KA in- 

jections are summarized in Table II. The Bma x after 

KA lesion showed an increase of 29 and 20% in the 

two experiments. However,  when the total amount  

of receptor sites in :the whole hippocampuswas calcu- 

lated, practically no difference in Bma x be tween  KA- 

and sham-injected animals was found. There was no 

sign of curve linearity in the Scatchard plots. 

Fig. 2 shows the competit ion by unlabeled B, the 

mineralocorticoid aldosterone (ALDO)  and the 

'pure '  glucocorticoid Ru 2698830 for the binding sites 
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TABLE [I 

Binding constants of  hippocampal corticosterone receptor system after bilateral kainic acid lesion in the hippocampus 

Expt. 1 Expt. 2 

KA Sham KA Sham 

Bma x fmol/mg cytosol protein 414 320 393 328 
K d nM 4.9 3.1 5.1 4.3 
Bin, x fmol/hippocampuslobe 1176 1082 1116 1108 

TABLE III 

Uptake in tissue and cell nuclei o f  hippocampus after unilateral kainic acid lesion 

Data are expressed as fmol [3H]B/mg protein. In vitro are data from uptake in tissue slices incubated for 1 h at 25 °C in a concentration 
of 2 x 10 -~ M labeled steroid subtracted with uptake data in the presence of a 500-fold excess of unlabeled B to correct for non-specific 
uptake. In vivo are data of uptake in hippocampus 1 h after s.c. administration of 50~Ci (0.2/~g) [3H]B. N, cell nuclear fraction; WH, 
tissue; N/WH. ratio of cell nuclear vs tissue uptake; n, number of animals + S.E.M.; KA, kainic acid. 

In vitro In vivo 

N WH N/WH n N WH N/WH n 

KA-ipsilateral 426 + 55 3570 + 737 0.12 (8) 76 + 9 38.5 + 4.9 2.0 + 0.3 (4) 
Contralateral 310 + 37 1419 + 174 0.22 (8) 168 + 36 33.9 + 5.3 4.8 + 0.3 (4) 

lO0 

8 ~ "6 

g 
~ 6C 

$ 4C 

~ 2 

eontraLater at (conh'oL) tpsi taterat (KA) 

5 15 50 150 500nM 5 15 50 150 500 nM 

cOMPETITOR STEROID CONCENTRATION 

Fig. 2. Competition of B, ALDO and Ru 26988 for specific 
binding of [3H]B in hippocampus cytosol. Labeled steroids 
were present in concentrations of approximately 5 nM. The 
values shown are the means of 3 separate binding experiments. 
The S.E. values were less than 10% for each point. The con- 
centration of unlabeled radioligand (cL-IC~0) and competing 
steroid (cC-ICs0) required to decrease the binding measured in 
the absence of competitor by 50% was determined. The ratio 
(cL-IC~cC-ICs0) x 100 represents the relative binding affinity 
(RBA). RBA for KA-lesioned hippocampus: B, 100; ALDO, 
64; Ru 26988, 46. For control hippocampus: B, 100; ALDO, 
62; Ru 26988, 38. 0 - - - - - 0 ,  B; C) ©, ALDO; 
[] O, Ru 26988. 

labeled with B. H ippocampa l  cytosol was incubated 

with a fixed amount  (5 nM) of  [3H]B in the presence 

of increasing concentra t ions  of unlabeled  steroids.  

The relative binding affinity ( R B A )  of  the 3 steroids 

for [3H]B binding was calculated from the displace- 

ment  of the labeled s teroid (see legend Fig. 2). The 

order  of potency for [3H]B labeled sites was: B > 

A L D O  > Ru 26988 and did not  differ significantly 

for K A  lesioned and sham-injec ted  animals (cf. R B A  

K A  lesioned hippocampus:  B = 100, A L D O  = 64, 

Ru 26988 = 46; control  h ippocampus:  B = 100, 

A L D O  = 62, Ru 26988 = 38). 

Effect of  kainic acid lesion on cell nuclear uptake of 
[3HI corticosterone in the hippocampus in vivo and in 
vitro in tissue slices 

Since it is thought  that B exerts  its effect on hippo-  

campus function via the recep tor  system at the geno- 

mic level,  the cell nuclear  uptake  process of [3H]B 

was invest igated in the KA- les ioned  animals.  In 

these exper iments ,  the K A  lesion was appl ied  unilat-  

eral ly in the dorsal  and ventral  h ippocampus .  The  up- 

take of [3H]B in the cell nuclei of the ipsi lateral  K A  

lesioned hippocampus was measured  and the up take  

in the contra la tera l  h ippocampus  lobe served as con- 

trol in the same animal.  

Table  I I I  shows the uptake  in the cell nuclear  frac- 

t ion of h ippocampus  slices incubated with a saturat-  

ing amount  of  [3H]B (2 x lO-S M)l t .  The  in vitro cell 

nuclear  uptake  in slices of  the K A  lesioned lobe is un- 

der  these condit ions significantly higher than in the 

contra la tera l  lobe. Moreover ,  the cell nuclear  up take  

is in the same order  as the nma x of the soluble recep-  

tor  system (Table II).  Table  III  also shows the cell 
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Fig. 3. Open-field activity (ambulation, rearing and grooming) 
of CSF injected (sham-lesioned) and bilaterally kainic acid in- 
jected (KA-lesioned) groups of animals 14 days after lesioning. 
B (300/~g/kg rat) or vehicle (2% ethanol/saline) were injected 
s.c. 1 h prior to the test. Groups consist of 12-16 animals. Data 
are given as percent scores of sham-ADX animals (100%). Stu- 
dent's t-test was used to evaluate the data, 

nuclear uptake in vivo at 1 h after administration of 
[3H]B. In this experiment it was found that the tracer 

amount of [3H]B distributed very differently between 

the two hippocampus lobes. The amount of radioactiv- 

ity extracted from the cell nuclei of the ipsilateral 

KA-lesioned side is about half of the amount in the 
contralateral lobe, when expressed in fmol/mg pro- 
tein. In contrast, the uptake of the tracer in the tissue 
as measured in the homogenate was higher at the le- 

sioned ipsilateral side. However, in one aspect the in 
vivo and in vitro cell nuclear uptake data are similar. 
When the uptake data are expressed as ratio of the 
amount localized in the tissue and in the cell nuclear 
compartment (N/WH), this ratio is in vivo and in 
vitro reduced in the ipsilateral KA-lesioned side. 

This implies that less 3H-steroid is retained in cell nu- 

clei relative to a larger uptake in the whole tissue. 

Effect of B on novelty-induced behavior of kainic le- 
sioned rats 

Fig. 3 shows ambulation, rearing and grooming of 

bilateral KA- or sham-lesioned rats, that were adren- 

alectomized 10 days previously and received B (300 

#g/kg rat) or saline s.c. 1 h prior to the open field test. 

These data were compared with the results obtained 

in sham-ADX rats. The bilateral KA lesion resulted 
in a substantial increase in ambulation Of the 3 groups 

(ADX, ADX + B, sham-ADX) of animals as com- 

pared to the CSF controls (P < 0.001). The number 

of rearings was slightly, but not significantly de- 

creased in lesioned rats, while KA-lesioned rats 

groomed less than the sham-lesioned controls (t30 = 

3.66, P < 0.01). ADX caused a slight decrease in am- 

bulation and rearing of KA- and sham-lesioned ani- 

mals, that reached significance in the number of rear- 

ings of the sham-lesioned animals only. B replace- 
ment of ADX rats increased significantly (P < 0.01) 

ambulation after KA- as well as sham-lesion. Howev- 

er, the increase of ambulation after B was twice as 

much in the KA-lesioned group than in the non-le- 

sioned animals. 

The data obtained by time sampling of the behav- 
ior in a closed field of KA-lesioned and sham-le- 
sioned control animals are shown in Table IV. Bilater- 

al KA lesion did increase the frequency of rearing 

and locomotion and decrease the amount of groom- 
ing of the sham-ADX rats. These behavioral parame- 
ters were unaffected by KA in the ADX animals. 

B-replacement (300/~g/kg) 1 h prior to the behavioral 

test increased the frequency of locomotion, while the 
amount of grooming decreased. Locomotion and 
grooming were restored to the level of the sham- 

ADX rats after B replacement. The effect of B was 

more pronounced in the KA-lesioned animals than in 

the sham-lesioned animals (n = 15, P < 0.05). As 
compared to the ADX controls the increase in loco- 
motion was 92% in the KA-lesioned group and 39% 
in the sham-lesioned groups after B. KA-lesion did 
not alter the responsiveness to B in the other 3 behav- 
ioral parameters scored. 

DISCUSSION 

The present study has disclosed novel aspects of 
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TABLE IV 

Effects of adrenalectomy and corticosterone administration on novelty induced behavioral activities and immobility of rats injected with 
artificial CSF or kainic acid bilaterally into hippocampal lobes 

Median frequencies of a total of 100 time-sampled scores are shown. ADX and sham-ADX occurred 10 days before the test on sponta- 
neous activity by placing the animals in a closed field. Locomotion, rearing, grooming and immobility were scored during 30 min at 15 s 
intervals as described in the Methods section. 300/~g B/kg body wt. or vehicle were injected 45 min prior to test. Groups consist of 9 
animals. 

Treatments Locomotion Rearing Grooming Immobility 

CSF KA CSF KA CSF KA CSF KA 

Sham-ADX 31 44 a 9 21 a 30 21 b 30 13 b 
vehicle 

ADX 26 25 ++ 7 10 ++ 47 + 46 ++ 21 29 
vehicle 

ADX 36* 48** 10 13 28** 24* 24 18 
B 

ANOVA 0.05 0.01 n.s. 0.01 0.02 0.02 n.s. 0.05 
(Kruskal-Wallis) 

+p < 0.05; ÷+p < 0.01 vs sham-ADX-vehicle groups (Mann-Whitney U-test) 
*p < 0.05, **p < 0.01 vs ADX-vehicle groups (Mann-Whitney U-test) 
ap < 0.02, bp < 0.05 VS sham-ADX CSF injected groups (Mann-Whitney U-test) 

the interaction of B with its receptor system in the 

brain in relation to behavior. Firstly, partial removal 

of the B receptor-containing neurons in the hippo- 
campus by KA lesion resulted in an increase of solu- 

ble receptor sites measured in vitro in the remaining 

tissue. These sites may be confined to neurons or be 

present in glial cells that have proliferated in the 

damaged hippocampus lobe. Secondly, A D X  virtual- 

ly abolished the increase in exploratory activities as 
induced by novelty in rats with hippocampal K A  le- 

sion. B administration to A D X  rats reinstated the ex- 
ploratory hyperactivity of  K A  lesioned rats. On some 

components  of this behavior even an enlarged re- 

sponsiveness to B was observed. 

Our  former observations suggested that explorato- 

ry behavior of the rat in novel environments is af- 
fected by the level of  circulating B 4.42. In accordance 

with those findings reduced exploratory activities 

were observed in this study following A D X  of sham- 

lesioned rats in both the open- and the closed-field 
test situations and these behaviors were reinstated by 

B. The two test situations should be viewed as com- 
plementary ones. While the behavior of  the rats is di- 
rected by novelty in both situations, the immediate 
response to novelty, in particular that of  ambulation, 
is reflected in the open-field, while the short-term ha- 
bituation to the novel environment (shift from loco- 
motor  activity to immobility through grooming peri- 
ods) could be seen in the closed-field. ADX-induced  

changes were certainly not dramatic, but were re- 

flected in reduced exploratory (ambulatory and loco- 

motion) activities with a shift to increased grooming 

in the closed-field situation. 

The KA-lesions in the hippocampi resulted in sub- 

stantially increased exploratory activities, in partic- 

ular the horizontal ones in the open field and both the 

horizontal and vertical ones in the closed-field, and in 

diminished grooming activity. These changes evoked 

by KA lesion in exploratory behavior resemble those 

found in rats with hippocampal damage ~4-~9. It has 

also been shown that h ippocampectomy reduces nov- 

elty-induced grooming 1,7. Removal  of the adrenals in 

the KA-lesioned rats slightly diminished (open-field) 

or virtually abolished (closed-field) the increases in 

exploratory activities and caused a shift towards in- 

creased grooming behavior (closed-field). The for- 
mer findings resemble those of Iuvone and Van Har- 

tesveldt 16 who showed that A D X  prevents the in- 

crease in exploratory behavior of rats with hippocam- 
pal damage. 

That administration of corticosterone to A D X  rats 
'restores'  the exploratory activities towards the con- 
trol levels in KA-lesioned rats suggests that the be- 
havioral deficits in A D X  rats were due to the absence 
of adrenocortical hormone.  This study also showed 
that some components  of  the exploratory behavior, 
in particular ambulation, in the open-field exhibited 

larger responsiveness to B in KA-lesioned rats than 
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in the sham-lesioned rats. The increase in ambulation 

following B injection was twice as high in lesioned 
ADX rats. Accordingly, the effect of B on novelty- 

induced behavior becomes more potent, when the 
hippocampus is lesioned. In this respect B and the im- 
paired hippocampal function act in the same direc- 
tion, when the animal is exposed to a novel environ- 
ment. In other words B seems to exert an inhibitory 
infuence on the expression of hippocampal function. 
A similar conclusion was reached by McEwen zl using 
as criteria the B effects on appetitive conditioned be- 
havior 28, neuroendocrine responses and hippocam- 

pus electrophysiology. 
In view of the synergistic action of B and the KA- 

lesion in the hippocampus on novelty-induced behav- 
ior it is important to know where this action of B 

takes place. There are a number of arguments that 
point to the involvement of the hippocampal B recep- 
tor system in this respect. These arguments are the 
specificity of B action on behavior and the low re- 
placement dose of the steroid that correlates very 
well with the properties of the B-receptor system in 
hippocampal neurons 4,10.21. The effect of B was spe- 
cific in novelty-induced behavior4. 42, as well as in 

aversively2, 3 or appetitive 28 motivated behaviors. 

Potent synthetic glucocorticoids such as dexametha- 
sone or mineralocorticoids were ineffective 42.43. The 

dose of B administered to ADX animals led to a 
physiological level of receptor occupation 3 and in all 
these parameters B replacement restored the behav- 
ior to that observed in sham-ADX animals. On the 
basis of this line of reasoning it seems reasonable to 
assume that the B-receptor system in the remaining 
hippocampal cells is implicated in mediating the in- 
creased responsiveness to B after KA lesion. The 
hippocampus has an influence on locomotor activity 
probably via modulation of meso-limbic or nigro- 

striatal dopamine systems, but these latter structures 
do not contain steroid-sensitive receptor containing 
cells. Interestingly, autoradiographical data have 
demonstrated that motor neurons in the spinal cord 
can retain labeled B 37. 

The present study demonstrates that 2 weeks after 
the KA-lesion the number of receptor sites per unit 
of protein actually is increased. The increase in re- 
ceptor capacity (Bmax) proceeded to such an extent 
that for the whole hippocampus it compensated the 
considerable loss of receptor due to lesioning of re- 

ceptor containing neurons. The B-receptor sites in 
KA-lesioned tissue represent a pool that is indistin- 
guishable of the receptor sites in the hippocampus of 

control animals in terms of its relative binding affinity 
towards B, Ru 26988 and ALDO. It is conceivable 
that the larger number of B receptors in the hippo- 
campus underlies the increased responsiveness to B 
after KA lesion. Alternatively, it cannot be excluded 
that the larger number of receptor sites stems from 
gliai cells proliferating after tissue damage. 

The increase in Bma x of soluble receptor sites after 
KA-lesion is reflected in the increased capacity of the 
cell nuclear uptake in vitro in tissue slices. However, 
administration in vivo of a tracer dose of [3H]B to 
unilateral-lesioned animals shows a reduced uptake 
in cell nuclei isolated from the lesioned hippocampus 
lobe. At present we cannot offer an unequivocal ex- 
planation of this apparent discrepancy. It could be re- 
lated to the tracer dose or to an altered uptake and 

distribution kinetics of the 3H-steroid in vivo in the 
tissue and cell nuclear compartment after the lesion. 
It also cannot be excluded that in vitro the increase in 
Bma x is due to 'cryptic' receptor sites 40, e.g. receptor 
sites that are available for [3H]B binding in vitro, but 
are not occupied by B in vivo 40. At any rate this study 

shows that after KA lesion B receptor sites remain 
physiologically active in the cell nuclear uptake pro- 
cess. 

In a previous study involving unilateral removal of 
the dorsal hippocampus, the contralateral lobe dis- 
played a compensatory increase in receptor number 
as welP 2. It may well be that the increase in B recep- 

tor number after lesioning is part of the ability of the 
hippocampus to develop a morphological 26,34,35 and 
functional recovery 14,15,29. There is a maximal behav- 

ioral activity change 1 week after the lesion, and lo- 
comotor activity subsedes during the second post-op- 
erative week 17,19. At this time the increase in recep- 
tor number has developed32 which persists for more 
than 3 months. It would, therefore, be of interest to 
investigate whether the larger magnitude of the B ef- 
fect on behavior persists at a time hippocampal plas- 
ticity has permitted functional recovery. 
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