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SCHWERI, M. M., S. M. PAUL AND P. SKOLNICK. Strain diffi'rences in susceptibility to the convulsant actions of 
3-carbomethoxy-fl-carboline. PHARMACOL BIOCHEM BEHAV 19(6), 951-955, 1983.--NIH mice were found to be 
approximately three-fold more sensitive than NIH General Purpose mice to the convulsant actions of 3- 
carbomethoxy-/3-carboline. The convulsant action of 3-carbomethoxy-/3-carboline has been previously demonstrated to be 
mediated via an interaction with C.N.S. benzodiazepine receptors. The characteristics of the benzodiazepine receptor from 
the two strains appeared to be identical with respect to both binding affinity and capacity for [3H]3-carbomethoxy-/3- 
carboline and [:~H]diazepam, as well as the relative decreases in apparent receptor affinity for [:~H] 3- 
carbomethoxy-fl-carboline in the presence of 10 /xM 3,-aminobutyric acid. Although the rate of degradation of 
3-carbomethoxy-fl-carboline in plasma was similar in the two strains, a marked difference in brain levels of the drug (or an 
active metabolite) was observed after in vivo administration. These results suggest that pharmacokinetic, rather than 
pharmacodynamic factors are primarily responsible for the observed strain differences in sensitivity to 3- 
carbomethoxy-/3-carboline. 

3-Carbomethoxy-/3-carboline 
Strain differences 

Benzodiazepine antagonists NIH mice NIH General Purpose mice 

THE ester derivatives of/3-carboline-3-carboxylic acid bind 
to benzodiazepine receptors with high affinities [2,15] and 
antagonize many of the pharmacological actions of the ben- 
zodiazepines [5, 10, 17]. More recent studies have demon- 
strated that several /3-carbolines not only antagonize the 
pharmacologic actions of the benzodiazepines, but under 
appropriate conditions display intrinsic pharmacologic ac- 
tions that are opposite to those of the benzodiazepines [6, 7, 
9]. For example, 3-carbomethoxy-/3-carboline (/3-CCM) 
and 6,7-dimethoxy-4-ethyl-3-carbomethoxy-/3-carboline 
(DMCM) are convulsants [3,12], 3-carboethoxy-fl-carboline 
elicits a behavioral syndrome reminiscent of human anxiety 
in primates [9], and 3-hydroxymethyl-/3-carboline increases 
sleep latency and decreases total sleep time in rats [7]. The 
molecular mechanisms by which such "active antagonists" 
elicit their intrinsic pharmacologic effects are not known. 
However, pharmacologic evidence [3, 9, 12] suggests these 
actions are mediated through benzodiazepine receptors. 
Studies using ['~H]-/3-carbolines have shown that under the 
appropriate conditions, the binding of these compounds to 
brain benzodiazepine receptors is inhibited by y-ami- 
nobutyric acid (GABA) and the GABAmimetic, mus- 
cimol [1,3], and the extent to 'which GABA or muscimol 
inhibits the binding of these [3H]-fl-carbolines appears to be 
correlated with the relative potency of these compounds as 

convulsants [3]. During the course of studies in our labora- 
tories demonstrating that certain benzodiazepine antagonists 
could block fl-CCM induced convulsions in mice [12], we 
observed that the NIH General Purpose and NIH mouse 
strains displayed a markedly different susceptibility to the 
convulsant actions of /3-CCM. Since an approximately 
threefold difference in susceptibility to/3-CCM was observed 
(i.e., the percentage of mice having convulsions under op- 
timum conditions), it appeared these strains might be appro- 
priate models for investigating the molecular mechanisms by 
which/3-carbolines such as/3-CCM elicit seizures. We now 
report that pharmacokinetic factors, reflected as elevated 
brain concentrations of/3-CCM (or an active metabolite) may 
be primarily responsible for the differences in susceptibility 
to seizures. Pharmacodynamic factors, including ben- 
zodiazepine receptor number and affinity, as well as the 
coupling of GABA and benzodiazepine receptors apparently 
do not contribute to this difference in susceptibility. 

METHOD 

Animals" 

Male NIH General Purpose (GP) and NIH mice (4-6 
weeks old unless otherwise stated) were obtained from col- 
onies maintained by the Veterinary Resources Branch, Na- 

1Abbreviations used: /3-CCM, 3-carbomethoxy-fl-carboline; DMCM, 6,7-dimethoxy-4-ethyl-3-carbomethoxy-fl-carboline; GABA, 
y-aminobutyric acid; GP, NIH General Purpose; IP, intraperitoneal; PTZ, pentylenetetrozol. 
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tional Institutes of Health, Bethesda, MD. Mice were housed 
in our facilities for at least 48 hours prior to use. 

Convulsant Activity of ~-CCM and Pentylenetrazole (PTZ) 

/3-CCM was dissolved in 0.55 N HCL and diluted seven- 
fold with phosphate-buffered saline (pH 7.2). PTZ was dis- 
solved in phosphate-buffered saline. Drugs were injected in- 
traperitoneally (IP) in a volume of 0.1 ml. Mice were ob- 
served for fifteen minutes after injection for the presence or 
absence of tonic and clonic convulsions. 

[:~H]-Diazepam and [:~H] ~-CCM Binding to Brain lTssue 

Mice were killed by cervical dislocation and forebrains 
(defned by an oblique cut on the dorsal surface posterior to 
the superior colliculus and ending at the mammillary bodies 
on the ventral surface) were removed. [:~H] Diazepam and 
[:~H]/3-CCM binding was determined in whole homogenates 
prepared by disrupting the tissue in 20 volumes of 50 mM 
Tris-HC1 buffer (pH 7.4) using a Brinkmann Polytron 
(Brinkmann Instruments, Westbury, NY), setting 7 (15 sec). 
Incubations were performed in a total volume of 1 ml consist- 
ing of: 0.2 ml tissue homogenate, 0.7 ml buffer, 0.075 ml 
radioligand, and 0.025 ml of water or diazepam (final concen- 
tration, 3 txM). The samples were incubated at 0-4 ° for 30-45 
rain with shaking, and the reaction terminated by rapid fil- 
tration through Whatman GF/B filters with 2 five ml washes 
of ice-cold buffer. In other experiments examining the ef- 
fects of GABA on the binding of these radioligands to exten- 
sively washed membranes, the procedure described by 
Braestrup and Nielsen [1] was employed with the following 
modifications: (a) the tissue pellet was resuspended in 250 
rather than 500 volumes of Tris citrate buffer (pH 7.1), and 
(b) the samples were incubated for 45 rain. 

Metabolism of 13-CCM in Mouse Plasma 

The degradation of /3-CCM was determined in mouse 
plasma using a radioreceptor assay [14]. In brief, 10 p~l of 
/3-CCM (3.1 mM) was added to rat plasma (300 txl) to yield a 
final concentration of 100 tzM. Plasma was maintained at 
37°C for ! rain prior to addition of/3-CCM. Three minutes 
later, 930 txl of ethanol was added to stop the reaction. The 
ability of an aliquot of this extract to inhibit [3H]diazepam 
binding in rat cortical membranes was determined and com- 
pared with a standard curve constructed by adding known 
amounts of/3-CCM to plasma maintained at 0-4 °, and the 
concentration of "/3-CCM equivalents" was calculated by 
probit analysis. Plasma containing no added ¢3-CCM did not 
inhibit [3H] diazepam binding. Since the identity of the com- 
pound(s) which displace [3H] diazepam from brain mem- 
branes was not identified, the term "/3-CCM equivalents" is 
used to denote this activity. However, recent studies from 
our laboratory [16] suggest that/3-carboline esters such as 
/3-CCE are metabolized to /~-carboline-3-carboxylic acid, 
which binds to benzodiazepine receptors with relatively low 
affinity (Kj-20 p,M) [4] and would not significantly contribute 
to the displacement of [3H] diazepam under these conditions. 

Concentration of ~9-CCM in Mouse Forebrain 

Mice were injected with/3-CCM (30 mg/kg). Ten minutes 
later, the mice were sacrificed by cervical dislocation and the 
forebrains removed. Tissue was homogenized in 15 ml of 50 
mM Tris-HC1 buffer (pH 7.4), placed on ice for 15 minutes, 
then centrifuged at 20,000 x g for 20 rain (4°). The supernat- 

ant was decanted and saved, and the homogenization and 
centriguation repeated twice more. The resulting supernal- 
ants were combined, and the "fl-CCM equivalents" deter- 
mined by comparing the inhibition of [3HI fl-CCM binding in 
an unwashed homogenate from untreated mouse forebrain 
caused by an aliquot of the combined supernatants to that 
caused by known amounts of /3-CCM added to these 
homogenates. Each assay sample contained: 0.2 ml of the 
combined supernatants, 0.2 ml tissue (containing about 10 
mg forebrain), 0.9 ml buffer, 0.1 ml GABA (100 txM, final 
concentration), 0.0375 ml water, and 0.0625 ml [:~H]/3-CCM 
(0.7 nM, final concentration). Each standard (as well as 
samples measuring total and nonspecific binding) contained 
0.2 ml of the combined supernatants from the brains of un- 
treated mice to correct for inhibition of [:~H]/3-CCM binding 
not due to/3-CCM (the specific binding of [:~H] k~-CCM was 
inhibited approximately 10% by endogenous factors). Spe- 
cific binding of [:~H]/3-CCM and [:~H] diazepam was defined 
as the difference in binding observed in the presence and 
absence of 3/zM diazepam. 

Materials 

/3-CCM was synthesized by Dr. M. Cain as previously 
described [4]. Diazepam was a gift of Hoffmann-LaRoche, 
Nutley, NJ. PTZ was purchased from K and K Laboratories, 
Plainview, NY. [:~H] Diazepam (Sp. Act. 76.8 Ci/mmol) and 
["H] ~-CCM (Sp. Act. 83.4 Ci/mmol) were purchased from 
New England Nuclear, Boston, MA. Other chemicals and 
reagents were purchased from standard commercial sources. 

RESULTS 

Strain DifJ~'rences in Sensitivity to the Convulsat~t 
Actions of  13-CCM 

Administration of/3-CCM (30 mg/kg) to 4-6 week old 
male NIH mice elicited tonic and clonic convulsions in 81% 
of the animals. In contrast, only 28% of age-matched GP 
mice had convulsions (Table I). However, with increasing 
age this difference in seizure susceptibility diminished so 
that by 8-10 weeks, 76% of GP mice exhibited convulsions 
following this dose of ~-CCM. This value was not signifi- 
cantly different from the percentage (91%) of age-matched 
NIH mice which convulsed following/3-CCM. 

A parabolic dose response curve for the convulsant ac- 
tions of/3-CCM has previously been reported in NIH mice 
[3,12]. Since a parabolic dose response curve predicts that 
higher doses of/3-CCM would elicit a lower percentage of 
mice convulsing, it was necessary to determine if the altered 
sensitivity of the GP strain to /3-CCM would be observed 
over a wide dose range. Table 2 demonstrates that/3-CCM is 
both less efficacious and less potent in the GP strain of mice. 

The reduced sensitivity of the GP strain to the convulsant 
actions of/3-CCM does not appear to be generalized lack of 
response to all chemical convulsants, since no differences in 
the susceptibility to PTZ-induced seizures were observed in 
the two strains (data not shown), When dose-response 
curves for the two strains using PTZ were compared, both 
groups of mice displayed very steep dose-response curves, 
with ED,,, values of approximately 50 mg/kg (data not 
shown). 

('haracterization ~?f [:~H] 13-C('M am/[:~H/l)iazepam 
Binding in the N1H and GP Mouse Brain 

The binding of benzodiazepine receptor ligands to NIH 
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T A B L E  1 

EFFECTS OF/~-CCM IN N1H AND GP MICE 

% Convulsions 

Age Iweeks ) N1H GP 

4-6 81 +_ 6 (8) 28 + 4 (8)* 

8-10 91 ± 4 (6) 76 +_ 5 (7) 

Mice were observed (15 rain) for convulsions following IP injec- 
tion of 30 mg/kg /3-CCM. Values represent the Mean +- S.E.M. of 
the percent convulsing. Numbers  in parentheses  indicate the 
number of trials; each trial consisted of 5-10 mice per group. 

*Significantly different from 4-6 week NIH mice. Student's t-test, 
p<0.001. 

Significantly different from 4-6 week GP mice. Student's t-test. 
p<0.001. 

T A B L E 2  

RESPONSE OF NIH AND GP STRAINS TO fl-CCM 

% Convulsions 
Dose fl-CCM 
(mg/kg) NIH GP 

5 10 0 
10 70 50 
20 70 40 
30 80 40 
50 20 0 
60 50 20 

At each dose, 10 mice from each strain were injected (IP) with 
/3-CCM and observed (15 min) for convulsions. Mice were 4--5 
weeks old. The percentage of NIH mice having convulsions is signif- 
icantly greater than the percentage of GP mice having convulsions 
(paired t-test, p<0.005) when compared at doses of 5-60 mg/kg 
/3-CCM. 

T A B L E  3 

[aH]/3-CCM AND [3H] DIAZEPAM BINDING TO GP AND NIH FOREBRAIN PREPARATIONS 

Mouse Strain 
[Ligand] l0 ~tM 

Tissue Preparation Ligand (riM) GABA NIH* GP* 

1) Unwashed homogenates [aH]/3-CCM 4.5 - 321.4 + 8.8 (4) 317.6 + 15.5 (5) 
2) Unwashed homogenates I3H]/3-CCM 0.56 - 82.9 + 5.6 (5) 82.9 + 5.2 (5) 
3) Unwashed homogenates IaH] Diazepam 20.1 - 1283.6 + 23.4 (4) 1223.4 + 54.6 (5) 
4) Unwashed homogenates [3H] Diazepam 0.524 - 95.9 + 2.3 (4) 99.0 ± 3.8 (5) 
5) Washed membranes [3H]/3-CCM 0.302 - 95.9 + 3.1 (5) 97.5 + 2.6 (5) 

(five times) 
6) Washed membranes I'~H]/3-CCM 0.302 + 88.2 _+ 4.3 (5)+ 90.5 ± 2.4 (5) + 

*Specifically bound ligand, fmols/mg protein. Values represent the mean _+ S.E,M. Numbers in parentheses denote number 
of samples. Each sample was obtained from a separate mouse; individual samples were assayed in triplicate. Each assay 
contained about 1 mg protein. Procedure described in the Method section. 

+Significantly different from bindin~ in five times washed membranes from NIH mice containing no GABA. Paired t-test, 
p<0.005. 

$Significantly different from binding in five times washed membranes from GP mice containing no GABA. Paired t-test, 
p<0.001. 

and  G P  mouse  bra in  was e x a m i n e d  in u n w a s h e d  homoge-  
na tes  using e i the r  [:~H] d i a z e p a m  or  [:~H] /3-CCM as a 
radiol igand,  and  in ex tens ive ly  w a s h e d  m e m b r a n e s  using 
[:~H] /3-CCM in the  p r e s e n c e  of  a b s e n c e  of  l0 ~ M  G A B A .  
Sa tu ra t ing  and subsa tu ra t ing  c o n c e n t r a t i o n s  of  bo th  
rad io l igands  were  used in fo rebra in  h o m o g e n a t e s  to examine  
poss ib le  affinity and /o r  r e c e p t o r  n u m b e r  d i f fe rences  which  
could accoun t  for  the  s t ra in  d i f fe rence  in sens i t iv i ty  to 
/3-CCM. H o w e v e r ,  no s ignif icant  d i f fe rences  b e t w e e n  s t ra ins  
were  o b s e r v e d  in the  b ind ing  of  e i the r  radiol igand to un- 
w a s h e d  h o m o g e n a t e s  at  any  of  the  l igand c o n c e n t r a t i o n s  
used (Table  3). In ex tens ive ly  w a s h e d  m e m b r a n e s ,  l0 ~ M  
G A B A  elici ted a small  but  s ta t is t ical ly  s ignif icant  inhib i t ion  
o f  [:~H]/3-CCM binding in bo th  s trains .  H o w e v e r ,  the  reduc-  
t ion in pH]  /3-CCM binding  was not  d i f ferent  b e t w e e n  the  
two s t ra ins  (Table  3). 

Metabolism ~f" fl-CCM in Mouse Plasma 

Rat p lasma  has  p rev ious ly  been  s h o w n  to rapidly 

me tabo l i ze  the  methy l  and  ethyl  es te r s  of  /3- 
ca rbo l ine -3-ca rboxyl ic  acid [7,16]. The  rate  of  degrada t ion  of  
/3-CCM was e x a m i n e d  in p l a sma  (in vitro) in bo th  N I H  and  
G P  s t ra ins  to de t e rmine  if d i f fe rences  in the ra te  of  degrada-  
t ion could play a s ignif icant  role in the  s t ra in  d i f fe rences  in 
r e sponse  to /3-CCM o b s e r v e d  in vivo. Mice were  adminis -  
te red  /3-CCM (30 mg/kg) and  o b s e r v e d  15 min for  convul -  
s ions,  After  a two day w a s h o u t  per iod,  the deg rada t ion  of  
/3-CCM in p lasma  f rom convu l s ing  mice was c o m p a r e d  with 
the  p l a sma  from non-convu l s ing  G P  mice.  Table  4 demon-  
s t ra tes  tha t  unde r  these  in vitro condi t ions ,  no significant  
d i f fe rences  are o b s e r v e d  in the  ra te  of  degrada t ion  o f / J -CCM 
b e t w e e n  the two strains .  

Brain Concentrations o f  fl-CCM in NIH and GP Mice 

Brain  c o n c e n t r a t i o n s  o f / 3 - C C M  equ iva len t s  were  meas-  
ured in mice 10 rain af ter  in ject ion with 30 mg/kg o f /3 -CCM 
(Table  5). The  p r e sence  of  ab sence  of  convu l s i ons  was no ted  
in o rde r  to cor re la te  the  inc idence  of  convu l s ions  with bra in  
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TABLE 4 
METABOLISM OF ,t3-CCM IN PLASMA 

Experiment 

% of Initial/3-CCM Equivalents 

NIH mice with GP mice without 
convulsions convulsions 

1 49.6 _+ 3.7 (4) 48.5 _ 3.4 (3) 

2 39.2 ± 1.2 (5) 40.9 ± 0.7 (3) 

Values represent the mean ± S.E.M. Numbers in parentheses 
denote number of samples in each group. Each sample consisted of 
combined plasma from two mice. Plasma was prepared from trunk 
blood collected from mice whose convulsive potential had been es- 
tablished two days earlier. The plasma was incubated at 37°C in the 
presence of 100 tzM/3-CCM. /3-CCM equivalents remaining in the 
plasma after 3 min were determined as described in the Method 
section and compared with the fl-CCM equivalents initially present. 

T A B L E 5  
FOREBRAIN CONCENTRATION OF ~-CCM EQUIVALENTS 

Strain 

[/3-CCM equivalents] p.M 

Convulsions No Convulsions 

GP 3.6 ± 0.8 (3)* 1.4 ± 0.4 (3) 

NIH 3.4 ± 0.3 (3)t 1.2 ± 0.6 (2) 

Average _+S.E.M. of the means obtained from separate experi- 
ments. In each experiment, 4-5 mice from each strain were used. 
Number in parentheses denotes number of experiments from which 
data was obtained. Mice were injected IP with 30 mg/kg /3-CCM. 
After 10 rain they were sacrificed and the concentration of/3-CCM in 
their forebrains determined as described in the Method section. 

*Significantly different from "GP, No Convulsions" group by 
paired t-test, p<0.05. 

tSignificantly different from "GP, No Convulsions" group by 
paired t-test, p<0.005. 

concentrations of/3-CCM. The concentration of/3-CCM in 
the forebrains of convulsing NIH mice was 3.4___0.3 /~M, 
while the concentration in the forebrains of non-convulsing 
GP mice was 1.4-_+0.4/xM. Moreover, the brain concentra- 
tions of/3-CCM in the forebrains of GP mice which did con- 
vulse was not significantly different (3.6___0.8/zM) from those 
of NIH mice with convulsions, yet were significantly higher 
than in GP mice which did not convulse. Brain levels of 
/3-CCM in non-convulsing NIH mice were not significantly 
different from GP mice which did not convulse. 

DISCUSSION 

These data demonstrate that two genetically related 
strains of mice display large differences in their sensitivity to 
the convulsant actions of/3-CCM. The GP mouse (the strain 
from which the NIH mouse was derived) is far less sensitive 
to the convulsant actions of/3-CCM than the NIH mouse. As 
reported previously for the NIH strain [12] a parabolic dose- 
response curve is also generated when/3-CCM is given to GP 
mice; however, the maximum response is significantly less 
than is obtained with the NIH mice (Table 2). 

The primary determinant of suceptibility to the convul- 
sant actions of/3-CCM appears to be a difference in brain 
levels of this compound or an active metabolite. NIH mice 
(which convulsed with a frequency 2.9-fold greater than the 
GP mice following optimum doses of/3-CCM, Table 1) and 
2.4-fold higher brain concentrations of/3-CCM (or an active 
metabolite) than GP mice which did not convulse (Table 5). 
The importance of brain levels of/3-CCM is further sup- 
ported by the observation that forebrain concentrations of 
active drug forms in the GP mice which did have convulsions 
were not significantly different from those found in the con- 
vulsing NIH mice. 

Since forebrain concentrations of/3-CCM in both strains 
are well above the reported K,~ values of this compound ( -1  
nM, [1] it might be argued that all the animals should exhibit 
convulsions if this is indeed a receptor-mediated event. The 
convulsant actions of/3-CCM have been shown to be po- 
tently antagonized not only by diazepam, but by the specific 
benzodiazepine antagonists Ro 15-1788 and CGS 8216 [12] 
strongly implicating a benzodiazepine receptor in the con- 
vulsant actions of/3-CCM. Receptor occupation, rather than 
whole brain levels of a compound, may be the critical factor 

for the pharmacological action of both benzodiazepines [11] 
and /3-carbolines [3]. Furthermore, at 37 °, the K,, of both 
benzodiazepine agonists and antagonists is elevated by as 
much as one order of magnitude [8]. Since the brain concen- 
trations reported are essentially an average of the concen- 
trations found in discrete compartments, they may only be 
proportional to the actual concentration of/3-CCM or an 
active metabolite near the benzodiazepine receptor. The 
absolute values, therefore, may not represent a true concen- 
tration, but rather reflect a relative concentration at the re- 
ceptor. The data presented here (Table 5) suggest that 
animals which convulse have significantly higher levels of 
/3-CCM at the benzodiazepine receptor than those that do not. 

The difference in sensitivity to the convulsant actions of 
/3-CCM is present only within a narrow time frame such that, 
at 8-10 weeks of age, both the NIH and GP mice are equally 
sensitive to the convulsant actions of/3-CCM (Table 1). This 
age dependance may be due to differences in the rate of 
development of enzymes which degrade/3-CCM or of sys- 
tems which control the distribution of the drug in the CNS. 

The metabolism of /3-CCM by plasma is one phar- 
macokinetic factor which apparently does not contribute to 
the difference in brain levels between the two strains (Table 
4). Recent work from this laboratory [ 14,16] suggests that the 
rates of metabolism of the/3-carboline-3-carboxylic acid es- 
ters by plasma in vitro may provide a useful index of the 
rates of their metabolism in vivo,  even though the liver likely 
plays an important role in the degradation of these com- 
pounds in the intact animal. These findings demonstrated 
strong correlations between many of the pharmacologic 
differences among #-carboline-3-carboxylic acid esters and 
their rate of degradation by plasma [16], and accounted for 
the differences in species responses to these compounds as 
well [13]. Therefore, the rate of plasma metabolism of 
/3-CCM was compared in the two strains. Although the rate 
of degradation of/3-CCM was not different between strains, 
the t,/2 obtained in these studies ( - 3  rain) was comparable to 
values previously obtained in Sprague Dawley rats [16]. 

The pharmacokinetic nature of this strain difference is 
supported by the observation that FFZ is equally effective in 
eliciting convulsions in both strains. The observed difference 
in response to/3-CCM, therefore, is not due to a generalized 
lowering of the seizure threshold in NIH mice. 
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No ev idence  for a pha rmacodynamic  difference be tween  
the strains at the level  of  the benzodiazepine  receptor  was 
observed .  Several  lines of  ev idence  [3,12] suggest that 
/3-CCM convuls ions  are media ted  via benzodiazepine  recep-  
tors. Compar ison  of  the binding of  both [:~H]/3-CCM and [3HI 
diazepam to brain benzodiazepine  receptors  at saturating 
and subsaturat ing condi t ions,  however ,  revea led  no signifi- 
cant difference in l igand-receptor  interact ions be tween  the 
two strains (Table 3). In recent  reports  [12], G A B A  has been 
demons t ra ted  to select ively elicit a slight but significant re- 
duct ion in the binding of  convulsant  /3-carbolines (e.g., 
/3-CCM and the closely related 6, 7-dimethoxy-4-ethyl  de- 
r ivative,  DMCM) to benzodiazepine  receptors  in vitro. AI- 

though 10/zM G A B A  did elicit a slight but statistically signif- 
icant decrease  in the binding of  [:~H] /3-CCM to forebrain 
membranes  (Table 3), these reduct ions  were  identical in both 
strains. 

Our data demons t ra te  significant strain differences in re- 
sponse to the convulsant  actions o f / 3 - C C M  in mice.  Fur- 
thermore ,  the differences in sensitivity appear  to be related 
to pharmacokinet ic ,  rather than pharmacodynamic  factors,  
reflected in significant differences in the amounts  of /3-CCM 
(or an act ive metaboli te)  in brain at the t ime of  seizures.  
Whether  these differences in sensitivity relate to differences 
in metabol ism or t ransport  o f /3 -CCM into the CNS of these 
mice is currently under  investigation. 
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