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BOWERS, B. J., T. Z. BOSY AND J. M. WEHNER. Adrenalectomy increases bicuculline-induced seizure sensitivity in long-sleep 
and short-sleep mice. PHARMACOL BIOCHEM BEHAV 38(3) 593--600, 1991.--Susceptibility to bicucuLline-induced seizure on- 
set and tonus was increased in LS and SS mice after adrenalectomy (ADX). Replacement with 10% corticosterone (CCS) in ADX 
animals resulted in a return to seizure latencies equal to those of sham-operated (SHAM) mice. In SS mice, dexamethasone (DEX) 
and cholesterol-control replacement was as effective as 10% CCS in returning seizure thresholds to SHAM values. In LS mice, DEX 
was only effective at a low bicuculline dose. Within the sham-operated group SS mice were more susceptible to bicuculline-induced 
seizure onset than LS mice; however, after ADX lateneies did not differ between the two lines. These results suggest that seizure 
thresholds are regulated to some extent by the hypothalamic-pituitary-adrenal (I-IPA) axis. The effects of ADX on GABA-related 
seizure activity may also be influenced by genotype, such that genetic differences in GABAA receptor function and adrenocortical 
responses in LS and SS mice may be responsible for the differential seizure latencies observed in sham-operated mice. 

Bicuculline Seizures Adrenalectomy Mice 

A relationship between steroid hormones and seizure sensitivity 
has been suggested by several studies (9, 12, 16, 39). Cyclic ex- 
acerbations of seizure activity in epileptic women have been as- 
sociated with ovulatory changes in estrogen/progesterone ratios 
(39,45). In addition, several steroids, or their metabolites, have 
been shown to be potent anticonvulsants. Pretreatment with pro- 
gesterone or its metabolites will inhibit t-butylbicyclophosphoro- 
thionate (TBPS)-induced myoclonus, maximal electroshock- and 
metrazol-induced seizures in rodents and will reduce the frequency 
of interictal spikes in penicillin foci in cats (3, 9, 14). Recently, 
several studies have indicated that in brain a primary modulatory 
site for these steroids is the GABA A receptor complex (12,27). 
Their physiological relevance is based on their ability to potenti- 
ate GABA-regulated inhibition at nanomolar concentrations (27). 
Removal of endogenous glucocorticoids by adrenalectomy (ADX) 
can also alter GABAergic responses demonstrated by changes in 
GABA A receptor complex binding parameters (11,38) and reduc- 
tions in concentrations of GABA in the central nervous system 
(10,37). 

The GABA A receptor complex has been implicated in the reg- 
ulation of seizure activity. Manipulations of GABAergic neuro- 
transmission at pre- and postsynaptic sites will alter seizure 
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thresholds such that disinhibition of GABA function results in an 
increase in seizure sensitivity; e.g.,  the GABA A antagonist, bicu- 
culline, has been shown to be a potent convulsant in rodents (19, 
22, 36). Bicuculline's convulsant properties are the results of its 
blockade of the GABA A receptor; administration of bicuculline 
does not change brain levels of GABA or the activity of the GABA 
synthesizing enzyme, glutamate decarboxylase (GAD) (22). In 
contrast, drugs that potentiate GABA inhibition are classified as 
anticonvulsants (21,44). It has been demonstrated that the mech- 
anisms regulating seizure thresholds are controlled to some extent 
by genetic factors (30,33). Both pro- and anticonvulsant effects 
of drugs acting at the GABA A receptor complex are demonstrated 
differentially in genetically diverse stocks of mice (30,31). 

The purpose of this study was to examine the effects of ADX 
on seizures induced by the GABAA antagonist, bicuculline, in 
two lines of mice, long-sleep (LS) and short-sleep (SS), that have 
previously been shown to differ in their sensitivity to bicucuUine- 
induced seizures (41,42). The LS and SS mice were originally 
selected for their differential responses to the sedative-hypnotic 
effects of ethanol (23) and have been used extensively to investi- 
gate ethanol-related responses. As a consequence of these inves- 
tigations, it has been determined that LS and SS mice also differ 
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in several other responses including those related to GABA A re- 
ceptor function (2, 29, 32, 35) and in their adrenocortical re- 
sponses to ethanol administration (18, 50, 52). 

Mice from the more ethanol-sensitive LS line demonstrate a 
greater sensitivity to muscimol-stimulated 36C1- flUX and to eth- 
anol potentiation of muscimol-stimulated 36C1- flux in cerebel- 
lum (2). LS mice also appear to be more sensitive to the effects 
of GABA mimetics on the incoordinating effects of ethanol (35). 
In addition, their adrenocortical response to ethanol, as measured 
by plasma CCS levels, is also greater than the response by SS 
mice (18, 50, 52). In contrast, SS mice exhibit greater enhance- 
ment by GABA of 3H-flunitrazepam (FNZ) binding in cortex and 
cerebellum (29) and are more sensitive to the anticonvulsant ef- 
fects of the benzodiazepine, flurazepam (30). The effects of 
stress-induced CCS release on GABA-enhanced 3H-FNZ binding 
also differs between LS and SS mice, but is dependent on brain 
region (8). 

It is these differences between LS and SS mice related to 
GABAergic function, including differential seizure susceptibility 
to bicuculline, and those related to CCS release, that make these 
lines of mice a valid genetic model to examine the influence of 
endogenous glucocorticoids and GABA A receptor-mediated sei- 
zure sensitivity. The responses measured in the present study may 
be related to genotype-dependent ethanol sensitivity; however, 
previous investigations have indicated that the association between 
bicuculline's effects at the GABA A receptor and ethanol-sensi- 
tivity are, at best, indirectly related (43), and are more likely to 
be genetically uncorrelated (51). 

METHOD 

Chemicals 

Bicuculline, cholesterol, corticosterone and dexamethasone were 
purchased from Sigma Chemical Co. (St. Louis, MO). [3H]-Cor- 
ticosterone was obtained from Amersham, Arlington Heights, IL 
(specific activity = 50 Ci/mmole). Corticosterone antiserum was 
purchased from Dr. Gordon Niswender, Department of Physiol- 
ogy and Biophysics, Colorado State University, Fort Collins, 
CO. Bicuculline was made fresh daily by initially dissolving the 
drug in 1 M HC1, neutralizing with 1 M NaOH, and diluting to 
proper concentrations with 0.9% saline; final pH = 6.8. 

Animals 

Male LS and SS mice were obtained from the Institute for 
Behavioral Genetics, Boulder, CO. All mice were 60-90 days of 
age when tested, were maintained on a 12-hour light/dark cycle 
(lights on at 0700 to 1900) and were allowed free access to food 
(Wayne Lab Blox) and water. Mice were divided into five exper- 
imental groups: 1) ADX, 2) sham-operated (SHAM), 3) CCS-re- 
placement (ADX + CCS), 4) DEX-replacement (ADX + DEX), 
and 5) cholesterol-replacement controls (ADX + cholesterol). In 
SS mice, an additional group of SHAM animals received choles- 
terol pellets to examine the effect of the control vehicle on sei- 
zure latencies. 

Surgery 

Adrenalectomies were accomplished by removal of the adre- 
nals through two dorsal incisions under pentobarbital (50 mg/kg) 
anesthesia. Sham operations were performed in a similar manner, 
without removal of the adrenals. ADX and SHAM animals were 
housed in a temperature-controlled room and allowed free access 
to food and water or 0.9% saline (ADX only). CCS and DEX re- 
placement in ADX animals was accomplished by implanting pel- 

lets containing either 10% CCS or 10% DEX subcutaneously at 
the time of surgery. The pellets were prepared in a 10% CCS 
(10% DEX): 90% cholesterol weight to weight ratio and weighed 
approximately 80 mg. The pellets were made by heating 10% 
CCS (10% DEX) and 90% cholesterol over a low flame until 
melted. A small amount of peanut oil was added to improve the 
quality of the pellet. The melted CCS (DEX)/cholesterol mixture 
was poured into pellet molds and allowed to harden. Control pel- 
lets consisted of 100% cholesterol. 

Seizure Testing 

Seizure testing was done 7 days after ADX and/or pellet re- 
placement. This 7-day period allowed the animals sufficient time 
to recover from surgery. In addition, it has been shown that max- 
imal increases of GABA uptake and significant decreases in 
GABA synthesis occur 7 days after ADX (9,36). Doses of bicu- 
culline (2.0--6.0 mg/kg) were injected intraperitoneally (IP) in a 
volume of 0.01 ml/g body weight. The number of mice receiving 
this range of doses in each surgical group were as follows: 1) 
ADX, n = l l - 1 7 ;  2) SHAM, n=8-14;  3) ADX + CCS, n=  
6-10; 4) ADX + DEX, n=6-14;  and 5) ADX + cholesterol, 
n = 4-9. The larger number of mice in some groups was due to 
the additional testing of some doses to assure repeatability of the 
results. Dexamethasone (DEX) replacement was tested in groups 
of mice receiving 3.0-5.0 mg/kg bicucuUine. In the ADX groups, 
6 SS mice and 5 LS mice were excluded from seizure testing be- 
cause they did not recover from surgery. 

After IP injection, mice were individually placed in a 1.5 liter 
glass jar for observation. Latencies from injection to clonus, de- 
fined as seizure onset for the purposes of this study, and tonus 
were recorded. Clonus, or seizure onset, is identified as a loss of 
righting reflex with convulsive movements in all extremities. To- 
nus is characterized by full caudal limb extension and respiratory 
arrest that may result in death. Observation time was limited to 
900 s after injection; any animal not seizing within this time pe- 
riod was given a score of 900. To determine plasma levels of 
CCS after pellet replacement, immediately after seizure testing 50 
ixl of blood was collected via retro-orbital sinus punctures into 
heparanized micro-hematocrit tubes. Ten microliters plasma were 
extracted with absolute ethanol and proteins were pelleted by cen- 
trifugation at 2100 × g for 15 min in a tabletop International Clin- 
ical Centrifuge. CCS levels from the extracted plasma were 
evaluated using a modification of a radioimmunoassay (RIA) de- 
veloped by Gwosdon-Cohen et al. (15) and described previ- 
ously (34). 

Data Analysis 

Analysis of variance (ANOVA) was used to evaluate the ef- 
fects of line of mouse, surgical treatment and dose of bicuculline. 
Post hoc comparisons (Newman-Keul's) among ADX, SHAM, 
ADX + CCS, ADX + DEX and ADX + cholesterol groups 
were used to determine the rank order of seizure latencies as a 
function of surgical treatment. ED4s o values representing the dose 
that produces seizures by 450 s--. 95% confidence intervals were 
calculated from the seizure onset dose-response curves of ADX 
and SHAM-treated mice. Linear regressions were computed from 
individual latency scores at each dose. Analysis of variance was 
also used to evaluate body weight after surgery and plasma CCS 
levels in 10% CCS, 10% DEX, and cholesterol control pellet- 
implanted animals. 

Latency to Seizure Onset 

Comparison of SHAM, 

RESULTS 

ADX, 10% CCS, and cholesterol 
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FIG. 1. Dose-response curves of latencies to bicuculline-induced seizure onset in SS and LS mice. (a and 
c) Effects of ADX on seizure latency. (b and d) Effects of 10% CCS and cholesterol control replacement 
on seizure latency. Scores are mean latencies in seconds _+ SEM (n = 4-17 at each dose). 

treatments in LS and SS mice showed significant main effects of 
surgery, F(3,455)=19.7, p<0.001, and dose of bicuculline, 
F(4,455)=4.9, p<0.001. Bicuculline decreased latency to sei- 
zures in a dose-dependent manner regardless of surgical treat- 
ment. Within the sham-operated group of animals, SS mice were 
more sensitive to bicuculline-induced seizures than LS mice, 
F(1,116)=4.9, p<0.05, as shown in Fig. la and c. However, 
after ADX, the difference between the tines was lost and is rep- 
resented by an increased susceptibility in both lines of mice. In 
both lines of mice, seizure thresholds were significantly re- 
duced after ADX, F(1,103)=44.9, p<0.001; F(1,105)= 13.3, 
p<0.001; LS and SS, respectively. The increased sensitivity was 
particularly apparent at doses between 3.0-5.0 mg/kg. The shift 
in the dose-response curves after ADX can also be demonstrated 
by a change in EDa5 o values. These values were calculated from 
the seizure onset dose-response curves in Fig. 1 and represent the 
dose that produces seizures by 450 s. In SS mice, the ED45o dose 
was decreased from 4.3---0.38 mg/kg in sham-operated mice to 
3.4__.0.37 mg/kg after ADX. A slightly greater reduction 
was observed in LS mice; after ADX the ED45 o dose shifted to 
3.0---0.57 mg/kg from the SHAM value of 4.7+_0.29 mg/kg. 

Figure lb and d illustrate the effects of CCS and cholesterol- 
control pellets in ADX animals. In LS mice, replacement with 
10% CCS returned seizure threshold latencies to SHAM values. 
In other words, seizure latencies in CCS-replaced and SHAM 
animals did not differ. Furthermore, in both lines of mice, 10% 
CCS replacement provided enhanced protection against the 6.0 
mg/kg bicucultine dose over and above that displayed by any 
other treatment group (p<0.05). Replacement with 100% choles- 
terol pellets did not alleviate the effects of ADX in LS mice, but 
in SS mice it had a substantial effect such that animals with 
control-cholesterol pellets were not distinguishable from SHAM- 
SS mice. 

Interpretation of steroid replacement experiments can be con- 
founded because pituitary release of adrenocorticotropin (ACTH) 
after ADX also is altered due to changes in adrenal negative feed- 

back mechanisms (7). Previous studies have also shown that cir- 
culating levels of ACTH modify GABA receptor binding (19). 
To determine whether changes in ACTH levels after ADX could 
alter susceptibility to bicuculline seizures, dexamethasone, a po- 
tent suppressor of ACTH release was administered to some mice. 
Figure 2 compares the effects of replacement with a 10% DEX, 
10% CCS, or cholesterol on seizure latency at 3.0-5.0 mg/kg 
bicuculline in ADX mice. 

Across lines of mice, there were significant effects of treat- 
ment, F(4,378)=12.5, p<0.001, and dose, F(2,378)=46.7, 
p<0.0001, on seizure onset. In SS mice, the significant effect of 
the various treatments, F(4,192)= 5.3, p<0.001, was due to the 
ADX mice having lower seizure latencies than any of the other 
treatment groups. DEX was as effective as CCS in returning sei- 
zure thresholds to SHAM values. This effect may not be a sim- 
ple effect of DEX because all forms of replacement including the 
cholesterol-control pellets returned seizure latencies back to SHAM 
values. However, this effect of cholesterol was only observed in 
ADX + cholesterol mice; SHAM animals implanted with a cho- 
lesterol pellet did not show abnormal seizure values (data not 
shown). 

In LS mice, the effects of DEX were more complicated. There 
were significant effects of treatment, F(4,185)= 10.0, p<0.0001, 
and dose, F(2,185)=31.5, p<0.0001. Replacement with DEX 
raised latencies to onset toward SHAM values at the lowest 3.0 
mg/kg bicuculline dose. At 4.0 mg/kg, replacement with 10% 
DEX did not reverse the effects of ADX in LS mice. After the 
5.0 mg/kg dose of bicuculline, the difference between SHAM 
and ADX LS mice is very small and none of the treatments were 
different from the ADX condition. 

Latency to Tonus 

Higher doses of bicuculline were required to produce tonic 
seizures within the 900 s testing time in both lines of mice. Es- 
sentially the pattern of significant dose-responses, F(4,455)= 
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SEM (n = 6--16 at each dose). 

1000 

800. 

600. 

4 0 0 .  

r~ ~-O0- 

O 
~ 0 
o 

~ 800. 
z 
~ 6 0 0 .  

4 0 0 -  

ZOO- 

a. R ~ t ~  ~ A  O - - O ~ x  
~ . . .  \ A - -  A ~ J J i i  
" ~ r  \ , r  

SS 
I I I I I 

C. II~A-~ ~. 

0----~ O 

LS 
i s a I a 

2.0 3.0 4 .0  5.0 6.0 

aicucuIa,mE (ms/kg)  

• - -  • ,.,a.~rAu ,t 

O--Ocom'Ro~. SS 
I 1 I 1 I 

d. 

r 

LS 
I I I l I 

2.0 :3.0 4.0 5.0 6.0 

BICUCULLINE ( m & / k l i )  

FIG. 3. Dose-response curves of latencies to bicuculline-induced tonus in SS and LS mice. (a and c) Ef- 
fects of  ADX on seizure latency. (b and d) Effects of 10% CCS and cholesterol control replacement on 
seizure latency. Scores are mean latencies in seconds ~ SEM (n = 4-17 at each dose). 



ADRENALECTOMY INCREASES SEIZURE SENSITIVITY 597 

1000 
SS 

BOO 

600 

400, 

~00 

1000 

r~ 800, 

O~ 600. 

o f-, 400. 

~ 9_00. 
z 

1000 

t t T t 

3,0  mll/lql Bieucnntr, e 

I "  1 

,.4 

3.0 l z l l i / k l i  B t e u o r , 1 1 t ' n e  

S S  T 
_L_ T t 

,..1 

4.0 mg/lqi Btoueum,,,e 

LS 

...z_ I 

4.0 mg,/kg Biouo-l . -e  

800- 

800- 

400- 

200 

0 

SS 
- J -  T r 

T 

5.0 mg/kli Bleue-m-,~ 

LS 

5.0 mg/kli l]teuo-m~, 

FIG. 4. Latencies to tonus at 3.0-5.0 mg/kg bicuculline in ADX, SHAM, 10% CCS-, 10% 
DEX-, and cholesterol-replaced SS and LS mice. Scores are mean latencies in seconds _+ SEM 
(n=6-16 at each dose). 

45.0, p<0.0001, and treatment, F(3,455)= 16.5, p<0.0001, dem- 
onstrated for onset was repeated for tonus with the exception that 
susceptibility to bicuculline-induced tonus did not differ between 
LS and SS mice in any treatment group. As was observed for 
seizure onset, ADX significantly shortened latencies to tonus in 
both LS and SS mice compared to SHAM animals, F(1,103)= 
13.3, p<0.001; F(1,105)=7.7, p<0.01, and replacement with 
10% CCS in ADX animals returned latency scores to SHAM val- 
ues in both lines of mice (Fig. 3). The enhanced anticonvulsant 
response in the CCS-replaced animals to the 6.0 mg/kg dose of 
bicuculline was also observed for tonus (p<0.05). 

In comparing the effects of DEX and CCS replacement in 
ADX animals, the pattern for these effects was similar to that 
observed for seizure onset except that higher bicuculline doses 
were required to observe significant treatment effects (Fig. 4). At 
the 3.0 and 4.0 mg/kg doses, the ceiling of 900 s prohibited ob- 
servation of any significant effect. In SS mice, at 5 mg/kg bicu- 
culline, 10% DEX replacement was as effective as 10% CCS in 
returning latencies to tonus to SHAM values in ADX-SS mice, 
but again control cholesterol pellets were also effective. In ADX- 
LS animals, DEX was not effective in changing latency to tonus 
back to SHAM values at the 5.0 mg/kg dose of bicuculline. 

Plasma CCS Levels and Body Weight 

Plasma CCS~was assayed to determine whether the various 
replacement treatments altered circulating CCS levels. These lev- 
els were determined in two different groups of mice, 1) those 
which had received bicuculline and 2) a separate group which re- 
ceived steroid implants that had not undergone seizures. This see- 

ond group were tested totally independent of the fwst group, i.e., 
they received a different batch of steroid pellets and were tested 
at a completely different time. In the first group receiving bicu- 
cuUine, both lines of mice showed significant treatment effects 
[IS mice: F(2,108) =241, p<0.0001; SS mice: F(2,117) ffi47.7, 
p<0.0001]. CCS levels in the CCS-replaced LS and SS mice 
were greater than in cholesterol-control and DEX-replaced ani- 
mals (p<0.01) and were intermediate between basal and stress- 
induced levels observed previously in our laboratory in unoperated 
mice (unpublished data). In LS mice, plasma CCS levels in 10% 
CCS-replaced animals averaged 162.2 ± 7.6 ng/rnl vs. 29.8 ± 2.7 
ng/ml in cholesterol-control-treated mice and 22.2 ± 1.7 ng/ml in 
DEX-treated mice. The corresponding values in SS mice were 
177.6± 14.9 vs. 30.1-+2.8 ng/ml in cholesterol-treated animals 
and 21.4± 3.5 ng/rnl in 10% DEX-replaced mice. 

In the second group of mice, replacements were performed 
with 10% CCS or cholesterol-control pellets. The values for cir- 
culating CCS levels were only slightly different from the first 
group. LS mice replaced with 10% CCS had 233_+20 ng/ml and 
those with cholesterol pellets 42 ± 5 ng/ml CCS, SS mice replaced 
with 10% CCS had 221 ± 15 ng/ml and those replaced with cho- 
lesterol had 37.0 ± 8.0 ng/ml. It is likely that small differences in 
the levels of CCS after replacement between these mice and those 
that had undergone seizures is due to the different batch of pellet 
implants. 

Another group of naive animals were given vehicle injections 
and examined for CCS release as a function of time. The times 
were chosen to correspond to typical time periods for seizure la- 
tencies: immediately after saline injection, 300 s and 900 s. LS 
mice had 61±7.8, 236_+28, and 221_+33 ng/rni CCS respec- 
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tively for these three time periods. SS mice had 68.5---13, 
91.5 ± 16, and 142± 30 ng/ml CCS for the same periods. LS and 
SS mice were significantly different for CCS release after vehi- 
cle injection with main effects of line, F(1,89)= 16.1, p<0.001, 
and time after injection, F(2,89)= 15.9, p<0.001, with the LS 
mice having a more responsive system. 

Body weight decreased in LS mice, but not SS mice, after 
ADX, F(3,153) = 24.9, p<0.001. After ADX, the average weight 
in LS mice was approximately 22 grams compared to 27 grams 
in sham-operated animals. Corticosterone-replacement produced 
a slight gain in body weight in these mice (mean = 24.5 grams), 
but remained significantly less than SHAM animals (Newman- 
Keuls, p<0.01). DEX replacement also did not increase body 
weight in ADX-LS mice (mean= 21.9 grams). 

DISCUSSION 

After ADX, thresholds for bicuculline-induced seizures in LS 
and SS mice were substantially reduced. In the present study, the 
modifications of seizure activity by ADX and subsequent resto- 
ration toward normal values by steroid replacement indicates that 
susceptibility to these seizures may be regulated to a large degree 
by the HPA axis. Replacement with 10% CCS resulted in seizure 
latencies equal to those of intact (sham-operated) animals. Dexa- 
methasone replacement provided protection against the effects 
of ADX at a low bicuculline dose in LS mice and also appeared 
to return seizure latencies in ADX-SS mice to SHAM values. 
This glucocorticoid analog is a powerful suppressor of ACTH and 
is more potent than CCS in inhibiting ACTH release from the 
anterior pituitary (46). Therefore, the effects of DEX pellet re- 
placement indicates that pituitary release of ACTH may also be 
important in the regulation of seizure activity. After ADX, plasma 
ACTH levels rise and remain elevated up to 10 days postsurgery 
due to the removal of the adrenal negative feedback system (7). 
Therefore, the elevated levels of ACTH may influence seizure 
thresholds in general and the GABAA receptor complex more 
specifically. Evidence for the role of ACTH in seizure behavior 
is indicated by its clinical use in the treatment of myoclonic sei- 
zure disorders in infants (48). The greater effect of DEX replace- 
ment in SS mice suggests that the sensitivity to ACTH mediation 
of seizure latency may be more pronounced in this line of mouse. 

Seizure activity is partially regulated by the GABAergic sys- 
tem (44); manipulations of GABA levels in brain will alter sei- 
zure sensitivity. Previous investigations have shown that 
adrenalectomy decreases the concentration of GABA in the cen- 
tral nervous system through two mechanisms. Miller et al. (37) 
demonstrated that ADX increases the high-affinity uptake of 3H- 
GABA in hippocampal synaptosomes by 45%, 7 days after sur- 
gery. In addition, ADX interferes with the utilization of the 
cofactor, vitamin B6, in the synthesis of GABA by the enzyme, 
glutamate decarboxylase (10) resulting in a 77% decrease in pre- 
synaptic levels of GABA 8 days post-ADX. The consequence of 
these two responses to ADX is to reduce the inhibitory actions of 
GABA at its postsynaptic site. Therefore, after ADX, the reduced 
levels of GABA may lead to enhanced binding of the GABA A 
antagonist, bicuculline, at the receptor thereby altering seizure 
thresholds. 

Several steroid hormones have been shown to function as an- 
ticonvulsants and appear to influence brain excitability through 
modulation of the GABA A receptor complex (5, 6, 14). The rank 
order potency of steroids in the inhibition of 3sS-TBPS binding, 
including the ring-A reduced metabolites of progesterone and the 
adrenal glucocorticoid, deoxycorticosterone, coincide with their 
in vivo potencies as anticonvulsants and anesthetics (13). Whereas 
potentiation of GABA inhibition appears to be the physiologically 
relevant event for these steroids, modulation of the GABA A re- 

ceptor by some glucocorticoids, including CCS, is more com- 
plex. In vitro responses to CCS (and its equivalent in humans, 
cortisol) have been reported to be biphasic; stimulation of 
GABAergic activity occurs at low nanomolar concentrations; how- 
ever, at higher concentrations, inhibition is observed (26-28, 40). 
This could be due to alternate sites of action such that potentia- 
tion of GABA responses is accomplished by low concentrations 
of steroid acting at a putative steroid membrane-receptor site at or 
near the GABA A receptor complex, whereas steroids at higher 
concentrations interact at the membrane level perturbing receptor 
conformation (12). Perhaps the regulation of seizure thresholds 
by glucocorticoids is a steroid-receptor mediated activity. There- 
fore, occupation of the receptor by glucocorticoids would enhance 
inhibition by GABA, decreasing brain excitability and their re- 
moval by ADX would result in an increase. 

Other neurotransmitter systems associated with brain excitabil- 
ity have also been shown to be affected by ADX and/or treatment 
with glucocorticoids. In hippocampal CA1 pyramidal cells, the 
norepinephrine-induced increase in the total number of action po- 
tentials was greater in cell slices from ADX rats. This was sub- 
sequently decreased below sham values with the addition of CCS 
(17). The time course of this inhibitory response suggested that 
genomic actions by steroids were responsible for the result and 
appeared to be independent of activity at the GABAA receptor. In 
our study the 7-day replacement with CCS would be sufficient for 
restoration of GABA levels in the CNS as well as changes in ge- 
nomic activity mediating decreased excitability and could explain 
the return of seizure latencies to SHAM values. 

The results observed in this investigation are inconsistent with 
those reported in a study by Sze and Maxson (49) in which au- 
diogenic seizure susceptibility was blocked in ADX mice. This 
would suggest that glucocorticoids play a permissive or an exci- 
tatory role in the induction of seizures. However, the contradic- 
tions in our results may be due to the use of different seizure 
models that measure different parameters of seizure activity. Sus- 
ceptibility to acoustic induction of audiogenic seizures is possible 
only in immature mice when the adrenocortical stress response is 
still developing (47). In addition, Lee et al. (20) reported a ten- 
dency for the latency to onset of kindled seizures in prepyriform 
cortex to be increased in ADX rats, although the rate of kindling 
remained unchanged. 

Seizure-onset thresholds were significantly lower in SHAM- 
SS mice than in SHAM-LS animals. These results are in agree- 
ment with previous reports of bicuculline-induced seizure sensi- 
tivity in naive LS and SS mice (41,42). However, after ADX, the 
lines did not differ. This appears to be due to the fact that ADX 
produced a larger change in mean latency to seizure onset in LS 
mice than in SS mice at low doses of bicuculline. It is possible 
that the more reactive HPA axis in LS mice as evidenced by in- 
creased release of CCS after even a vehicle injection may be im- 
part related to the differential susceptibility between LS and SS 
mice to an injection of bicuculline. 

Mclntyre et al. (24) showed that GABA enhancement of 
3H-FNZ binding in cortical membranes from LS mice was more 
sensitive to temperature shifts than membranes from SS mice. 
This study, as well as heat denaturation studies (32), have led to 
the suggestion that the GABA A receptor complex from the two 
lines of mice differ in their physical properties. In LS mice, bicu- 
culline interactions at the GABA receptor may be more sensitive 
to the removal of endogenous steroids than those of SS mice. 

The greater sensitivity to bicuculline-induced seizures in SHAM 
animals from the less ethanol-sensitive SS line, and conversely, 
the greater decrease in seizure susceptibility in LS mice after ADX 
may suggest a relationship between sensitivity to the sedative- 
hypnotic effects of ethanol and the effects of bicuculline at the 
GABA A receptor; i.e., brain excitability. However, a recent study 
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evaluating the genetic correlation between ethanol-induced sleep 
times and bicuculline-induced seizures in 26 LS × SS recombi- 
nant inbred strains indicated that these two responses are not ge- 
netically correlated; that is, they are not regulated by common 
genetic mechanisms (51). Other studies of the effects of bicucul- 
line on ethanol-induced sleep times in LS and SS mice also sug- 
gest considerable complexity between the GABAergic system and 
genotype-dependent ethanol sensitivity (,*3). The fact that these 
responses may be regulated differently is not surprising in light of 
recent evidence. Aguayo (1) conducted a patch clamp study of 
individual mammalian GABAergic neurons and observed that 
some, but not all, GABAergic cells were responsive to ethanol. 
These results support the idea that various subtypes of GABAer- 
gic neurons have functionally different roles. Therefore, a genetic 
interpretation of the effects of ADX on bicuculline-induced sei- 
zures must be based on differences between LS and SS mice in 
GABAA receptor parameters and adrenocortical activity and not 
in the context of ethanol sensitivity. Definitive studies of poten- 
tial LS/SS differences in GABAergic receptors, however, await 
better characterization of  either purified receptors or the structural 
genes for the receptor complex in these mice. 

The cholesterol effect in the SS mice was unexpected. The 
importance of cholesterol in stabilizing the ion channel activity of 
another receptor, the nicotinic cholinergic receptor, has been 
demonstrated in vitro (25); however, such a role for cholesterol 

in vivo remains to be determined. Regulation of endogenous cho- 
lesterol levels is largely a liver function, therefore, it is difficult 
to explain how exogenous cholesterol from the implanted pellet 
would make a significant contribution to overall membrane cho- 
lesterol content. Furthermore, LS and SS mice do not differ in 
cholesterol concentrations in synaptosomal plasma membranes 
(4). It seems unlikely that cholesterol replacement simply altered 
drug distribution of bicuculline because cholesterol implants in 
sham-operated mice did not alter seizure latencies or plasma CCS 
levels normally observed in sham-operated mice. Thus it remains 
unclear why seizure susceptibility in SS mice would be altered by 
implantation of a cholesterol pellet. 

In summary, ADX significantly reduced seizure thresholds in 
LS and SS mice. Replacement with 10% CCS, or in some cases 
10% DEX, resulted in a return of seizure latencies to SHAM 
values. These results suggest that GABA-related seizures axe par- 
tially regulated by activity of the HPA axis, which in turn modu- 
lates GABA/BZ receptor function. 
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