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(3) 473–479, 1999.—Potentially life-threat-
ening seizures can occur following withdrawal from benzodiazepines, ethanol, or barbiturates. In animals, withdrawal sever-
ity has been shown to be partially genetically determined for each drug class. Susceptibility to these drugs is partially
determined by common genetic factors, but the evidence is conflicting. We tested the hypothesis that acute benzodiazepine
withdrawal convulsions are influenced by at least some genes that also affect withdrawal from ethanol and pentobarbital. Re-
sults in inbred mouse strains demonstrate that strain susceptibility is genetically correlated with susceptibility to ethanol and
pentobarbital. The proportion of variance accounted for by genetic factors common to diazepam and ethanol was estimated
at 69%. Results contrast with previous data obtained in mice that were serially tested for withdrawal severity from ethanol,
pentobarbital, and then diazepam, because serial testing of mice significantly affected the previous results for some strains.
Diazepam withdrawal severity was also genetically correlated with pentobarbital withdrawal. Together, these results suggest
that some genes influence severity of withdrawal from several types of depressant drugs. © 1999 Elsevier Science Inc.
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SEIZURES are a potentially life-threatening consequence of
alcohol withdrawal that is common to all species studied, in-
cluding mice and humans (27,36). Ethanol, barbiturates, and
benzodiazepines produce many common signs and symptoms
upon withdrawal, including convulsions, suggesting that they
share many mechanisms (24,26,33–35,45,55). Crosstolerance
and -dependence among benzodiazepines, ethanol, and barbi-
turates has been shown in rats (23,38–41,43,46,52,54) and
mice (10,12–14). Furthermore, crosstolerance and -depen-
dence among these drugs is suggested by the fact that ethanol
and barbiturate withdrawal episodes are commonly treated in
humans using benzodiazepines (45,53). Benzodiazepines and
barbiturates can also reduce ethanol withdrawal convulsions
in rodents (17,29).

In most studies, genes affecting withdrawal from ethanol
appear to exert influences on withdrawal from other central
nervous system depressant drugs, an effect known as genetic

pleiotropism. Several studies in selectively bred mouse lines
have supported this relationship for barbiturates and benzo-
diazepines (4,5,20,49). Selectively bred lines are developed by
testing genetically heterogeneous animals on the trait of in-
terest and then mating together extreme-scoring animals. Di-
vergence in opposite directions of the lines high and low on
the selection trait over generations of selection is conclusive
evidence that the trait is genetically influenced. During selec-
tion, genes influencing the trait become homozygously fixed,
but remaining genes (i.e., those not influencing the trait) con-
tinue to segregate according to Mendelian law (25). Differen-
tial sensitivity of the lines on a nonselected trait is evidence of
pleiotropic influences of the genes fixed by selection (i.e., cor-
related response to selection) (21). Withdrawal Seizure-Prone
(WSP) mice were shown to have more severe diazepam, pen-
tobarbital, and phenobarbital withdrawal than their With-
drawal Seizure-Resistant (WSR) counterparts (4,5,20), although
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they were selectively bred only for differential withdrawal con-
vulsion severity following chronic ethanol inhalation (19). This
is good evidence of genetic correlation among these traits (21).

Another method of estimating genetic correlations among
ethanol- and benzodiazepine-withdrawal severities is to test a
number of inbred strains for withdrawal severity from each
drug and correlate strain means (32). Inbred strains are devel-
oped by systematic inbreeding, commonly brother/sister mat-
ings, over 20 or more generations (25). Therefore, like-sex
members of any particular inbred strain are genetically identi-
cal (16,47). Consequently, individual differences in responses
within an inbred strain must be due to environmental influ-
ences, while differences among several inbred strains can be
attributed to genetic factors, given equivalent testing proce-
dures. The utility of inbred strains and methodological con-
siderations regarding their use in pharmacogenetic research
have been discussed in detail elsewhere (3,21,22,47). Use of
relatively large panels of inbred strains (

 

>

 

12 strains) is recom-
mended when attempting to ascertain genetic correlations be-
tween responses, because each strain represents a single geno-
type (i.e., the genetic sample size equals the number of strains
being tested).

Acute ethanol, pentobarbital, and precipitated diazepam-
withdrawal severities were previously assessed in 15 inbred
strains (50). Consistent with findings in selectively bred mice
(20,49), a genetic correlation was demonstrated between eth-
anol- and pentobarbital-withdrawal severities, and between
pentobarbital and diazepam withdrawal. Surprisingly, no sig-
nificant correlation between ethanol and diazepam withdrawal
severity strain means was found (50). However, the mice were
serially tested for withdrawal from ethanol, pentobarbital,
and then diazepam at 1-week intervals, so an effect of re-
peated testing could not be ruled out. The purpose of the
present experiment was to reexamine the hypothesis that
some of the same genes confer susceptibility to diazepam,
ethanol, and pentobarbital acute withdrawal convulsions (i.e.,
after a single injection) (50).

 

METHOD

 

Subjects

 

Adult male mice (52–67-days-old at the time of testing) from
14 of the 15 inbred strains tested in our previous study (50)
were used in this experiment. The following inbred strains
were available in sufficient numbers for testing: 129/J, A/HeJ,
AKR/J, BALB/cJ, C3H/HeJ, C57BL/6J, C57BR/cdJ, C57L/J,
CBA/J, DBA/1J, DBA/2J, PL/J, SJL/J, and SWR/J. Mice
were purchased from the Jackson Laboratory, Bar Harbor,
ME, and housed by strain, three to four animals per polycar-
bonate cage (28 

 

3

 

 17 

 

3

 

 11.5 cm) and allowed at least 1 week
to acclimate. Cages were lined with corn cob bedding and
cleaned twice weekly. The colony was maintained on a 12
L:12 D cycle (lights on at 0600 h), and food and water were
available ad lib. Colony and testing room temperatures were
maintained at 22 

 

6

 

 1.5

 

8

 

C. During the experiment, food and
water were available ad lib and lights remained on.

From the previous diazepam withdrawal data in these
same inbred strains, we predicted that a minimum sample size
of four to six per drug group would be adequate to produce
reliable means (split-half reliability 

 

5

 

 0.93) (50). Therefore,
sample sizes for each drug group were five to six animals.

 

Drugs

 

Drugs were freshly mixed the morning of the experiment. Di-
azepam and flumazenil (Ro 15-1788) were a gift of Dr. Ed-

ward Gallaher. Doses employed were 20 mg/kg diazepam and
10 mg/kg flumazenil, injected in a 10-ml/kg volume. The vehi-
cle for both diazepam and flumazenil contained 0.125 g/ml
2-hydroxypropyl-

 

b

 

-cyclodextrin (Research Biochemicals Incor-
porated) in 0.9% physiological saline.

 

Handling-Induced Convulsion Scoring

 

The HIC scale used in the present studies has been published
(15), and was modified from that of Goldstein (28). Convul-
sions are rated on a scale from 0 (absent) to 7 (violent tonic–
clonic convulsion resulting from cage disturbance). Each
mouse was picked up by the tail and observed for convulsive
signs. If no signs were present within 2 s, the mouse was spun
gently by the tail through a 180–360

 

8

 

 arc and again observed.
A score was assigned based on the specific convulsive sign and
whether spinning was required to elicit a convulsion. For ex-
ample, a tonic convulsion when lifted by the tail only was as-
signed a score of 4, while the same convulsion elicited by a
spin was assigned a score of 2. Most scores in the current
study were in the moderate range (0–4).

 

Experimental Procedures

 

Experimental procedures were identical to those employed to
study diazepam withdrawal in our previous experiment (50),
except that animals were naive at the time of testing. The ex-
periment commenced at 0730 h, with starting times staggered
for each pair of cages (eight animals). Animals were assessed
first for baseline HIC and weighed. After approximately 20
min, a second baseline HIC was scored. Immediately thereaf-
ter, a group of animals was injected within 1 min; half of the
animals of each strain were injected with diazepam and half
with vehicle. HICs were scored at 30 and 55 min following in-
jection with diazepam or vehicle to establish that HICs were
depressed in the diazepam groups. Sixty minutes after the first
injection, all animals were injected with flumazenil. With-
drawal HICs were scored 1, 3, 5, 8, and 12 min later.

This cycle of testing was repeated for the next eight mice,
and so on, with the injection times staggered. Strain order of
testing was randomized so that some animals of each strain
were tested at several times across a 4-h period, thus minimiz-
ing any gross circadian effects on testing. Because the maxi-
mum number of mice that could be tested on 1 day was about
60, approximately four naive mice per strain were tested on
each of 3 days.

 

Data Analyses

 

Withdrawal severity scores were calculated as the peak score
[average of the three highest consecutive scores; (28)] minus
the average vehicle group score over the same time points.
Peak, rather than area, scores were employed to index with-
drawal since the time course for diazepam is in minutes rather
than hours, and is in unequal intervals between HIC assess-
ments. Correction for vehicle group scores is necessary be-
cause flumazenil exerts a small, strain-dependent anticonvul-
sant effect on HIC (50). These scores were subjected to
ANOVA (strain). The proportion of total phenotypic vari-
ance in peak drug withdrawal accounted for by genetic factors
was estimated as the sum of squares for the between-groups
factor (strain) divided by the total sum of squares (37).

Correlational analyses using Pearson’s 

 

r

 

 were performed
to determine whether inbred strain mean acute withdrawal se-
verities for diazepam in naive mice were genetically corre-
lated with the previously collected scores (50). A reanalysis of
the genetic correlations among ethanol, pentobarbital, and di-
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azepam withdrawal severities was also performed including
means from the present diazepam data set. Statistical signifi-
cance for the tests of genetic correlation was based on a two-
tailed test, with 

 

a

 

 

 

5

 

 0.05. The percentage of common pheno-
typic variance accounted for by genetic factors was estimated
as the square of the correlation coefficient (25). Split-half reli-
abilities of withdrawal scores and interdrug genetic correla-

tions were calculated using the Spearman–Brown correction
and the correction for attenuation, respectively (48).

 

RESULTS

 

Results are shown in Fig. 1A and B. As we had seen previ-
ously, the inbred strains differed significantly in diazepam

FIG. 1. (A) Time courses of precipitated diazepam withdrawal in 4 of 14 inbred
strains. Symbols represent mean 6 SEM for each strain. Standard error bars not
shown are smaller than the symbol. Y-axes: handling-induced convulsion (HIC)
score. X-axes: time, in minutes, following injection. Diazepam (DZ) or vehicle
(VEH) injection occurred at the first (left) arrows, immediately following predrug
baseline HIC assessments. Flumazenil was injected at the second (right) arrows (at
60 min). Closed symbols represent the diazepam-treated animals. (B) Rank-
ordered diazepam withdrawal severity in 14 inbred strains. X-axis: inbred strains,
rank ordered by withdrawal severity. Y-axis: strain mean peak withdrawal severity,
calculated as discussed in the text. Error bars represent SEM. Strains differed sig-
nificantly in withdrawal severity, F(13, 71) 5 8.91, p , 0.01.
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withdrawal severity (50). The time courses of withdrawal for
four representative strains are depicted in Fig. 1A. The inbred
strains are known to differ considerably in basal HIC severity
(18,50), and a significant main effect of strain on baseline HIC
was detected, 

 

F

 

(13, 140) 

 

5

 

 31.05, 

 

p

 

 

 

,

 

 0.01; range of strain
mean values: 0–4. As expected, treatment groups within strain
did not differ with respect to baseline HICs. In all strains hav-
ing baseline HICs greater than 0, diazepam depressed HIC
scores at 30 and 55 min following injection. Flumazenil injec-
tion restored HIC severity in the diazepam-treated animals to
near baseline or higher levels in all strains. The modal peak
withdrawal time for all strains was either 1 or 3 min; there-
fore, the average of the first three time points was used as the
index of peak HIC severity.

Analysis of the vehicle group data revealed significant dif-
ferences among strains for the sum of the postflumazenil HIC
scores, 

 

F

 

(13, 69) 

 

5

 

 24.17, 

 

p

 

 

 

,

 

 0.01. This finding confirmed the
need to control for strain differences in response to flumaze-
nil. Therefore, for each vehicle-treated animal, the mean of
the first three postflumazenil HIC scores was determined, and
the strain mean vehicle scores were calculated. To index diaz-
epam withdrawal, the appropriate vehicle group strain mean
was subtracted from the peak HIC score for each individual
animal in the diazepam/flumazenil group. Strains differed sig-
nificantly, 

 

F

 

(13, 71) 

 

5

 

 8.91, 

 

p

 

 

 

,

 

 0.01, in diazepam withdrawal
severity (Fig. 1B). As shown in Fig. 1A and B, some strains
(e.g., SJL/6J—solid squares, and CBA/J—solid diamonds)
had insignificant or slight withdrawal from diazepam. Other
strains (e.g., C57BL/6J—solid circles, and DBA/2J—solid tri-
angles) had moderate to severe withdrawal from diazepam.
The proportion of variance accounted for by genetic factors
(broad-sense heritability) was 0.62 in this experiment.

 

Comparison of Present With Previous Data

 

As discussed above, the previous diazepam withdrawal data
were collected in the same inbred strains, plus one additional
strain, CE/J, which was not available for testing at this time;
however, those animals were tested serially for withdrawal
from ethanol, pentobarbital, and diazepam (50). Withdrawal
from ethanol and pentobarbital was assessed over a 12-h pe-
riod (not minutes, as with precipitated diazepam withdrawal).
In the earlier study, diazepam withdrawal was calculated as
the area under the curve of the diazepam-treated animals mi-
nus the strain mean area of the vehicle treated animals (i.e.,
between groups). Diazepam withdrawal was also calculated
the same way as for ethanol and pentobarbital withdrawal
(i.e., within subjects). These two measures of diazepam with-
drawal were significantly genetically correlated (

 

r

 

 

 

5

 

 0.79) (50).
The present and previous data were first compared by re-

calculating the present withdrawal severity means using the
between-groups area measure. Peak and area withdrawal se-
verities were significantly genetically correlated, 

 

r

 

(12) 

 

5

 

 0.99,

 

p

 

 

 

,

 

 0.01, and strains differed significantly in withdrawal se-
verity using the area measure, 

 

F

 

(13, 71) 

 

5

 

 8.76, 

 

p

 

 

 

,

 

 0.01. The
scatterplot and least-squares regression line representing the
genetic correlation between the present and previous with-
drawal area data are shown in Fig. 2. The apparent lack of
correlation between the two data sets (Fig. 2), 

 

r

 

(12) 

 

5

 

 0.37,

 

p

 

 

 

5

 

 0.20, seemed to be due to one outlier strain, DBA/2J. To
address the issue of whether the withdrawal severity scores of
any strains were significantly different between the two ex-
periments, the data were subjected to an experiment 

 

3

 

 strain
ANOVA. As expected, there was a significant main effect of
Strain, 

 

F

 

(13, 146) 

 

5

 

 7.66, 

 

p

 

 

 

,

 

 0.01, and a significant experi-

ment 

 

3

 

 strain interaction, 

 

F

 

(13, 146) 

 

5

 

 3.98, 

 

p

 

 

 

,

 

 0.01. The
main effect of the experiment was not significant, 

 

F

 

(1, 146) 

 

5

 

0.08, 

 

p

 

 

 

5

 

 0.78. The significant interaction was pursued by sim-
ple main effects analyses (37). DBA/2J had significantly
higher scores in the present experiment, 

 

F

 

(1, 146) 

 

5

 

 39.42,

 

p

 

 

 

,

 

 0.01. Two other strains, C57BR/cdJ and CBA/J, had sig-
nificantly lower scores in the present experiment [both 

 

F

 

s(1,
146) 

 

.

 

 7.66, 

 

p

 

s 

 

,

 

 0.01]. Despite a reduction in power, the cor-
relation between the previous and present data sets without
these strains was nearly significant, 

 

r

 

(9) 

 

5

 

 0.58, 

 

p

 

 

 

5

 

 0.06. The
correlation was significant when omitting the most obviously
affected DBA/2J strain, 

 

r

 

(11) 

 

5

 

 0.74, 

 

p

 

 

 

,

 

 0.01.

 

Genetic Correlations Among Diazepam, Ethanol, 
and Pentobarbital

 

Figures 3A and B show the scatterplots and lines of least-
squares regression of the genetic correlations of the present
diazepam withdrawal severity mean area scores with those
previously collected for ethanol and pentobarbital, respec-
tively (50). In contrast to previous findings, diazepam- and
ethanol-withdrawal severity scores were significantly geneti-
cally correlated, indicating that there is substantial overlap in
genes influencing acute withdrawal from these two drugs,

 

r

 

(12) 

 

5

 

 0.83, 

 

p

 

 

 

,

 

 0.01 [see (50)]. Additionally, diazepam-
withdrawal severity scores correlated significantly with corre-
sponding strain mean pentobarbital-withdrawal severities, in
agreement with previous findings, 

 

r

 

(12) 

 

5

 

 0.75, 

 

p

 

 

 

,

 

 0.01. The

FIG. 2. Scatterplot and line of least-squares regression of diazepam
withdrawal severity strain means form Metten and Crabbe [(50);
X-axis] and the present data set (Y-axis). Withdrawal severities in
both studies were calculated as the between-groups area under the
curve, as discussed in the text. Labeled symbols represent inbred
strain means. Withdrawal severities between the two studies were not
significantly genetically correlated (rG 5 0.368). Withdrawal severity
strain means were found to be significantly genetically correlated
when the outlier DBA/2J strain data were removed from the analysis,
r(11) 5 0.74, p , 0.01.
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proportions of phenotypic variance accounted for by common
genetic factors were 0.69 and 0.56, respectively.

Correlations were also calculated after excluding the
DBA/2J strain, because it had an extremely high score for
ethanol withdrawal (50), and because the data for this strain
were not reliable between the two experiments (Fig. 2). Re-
moval of the DBA/2J strain from the current experiment did
not affect the conclusions regarding the genetic correlations
of diazepam with ethanol and pentobarbital withdrawal se-
verities. Diazepam and ethanol withdrawal severities re-
mained significantly genetically correlated, 

 

r

 

(11) 

 

5

 

 0.58, 

 

p

 

 

 

,

 

0.05, as did diazepam- and pentobarbital-withdrawal severity

scores, 

 

r

 

(11) 

 

5

 

 0.64, 

 

p

 

 

 

,

 

 0.05. Without DBA/2J, the propor-
tions of variance accounted for by common genetic factors
were 0.33 and 0.40, respectively.

 

Data Reliability Assessment

 

The current diazepam withdrawal severity scores, calculated
as the peak corrected for vehicle treatment, were examined
for split-half reliability. Animals were pseudorandomly as-
signed to one of two groups, A or B, for data reanalysis. This
yielded sample sizes of three animals per strain per drug
group. Strain means within each half were calculated for the
average vehicle score and split-half correlations were per-
formed using Pearson’s 

 

r

 

 (i.e., the strain means for half A
were correlated with the strain means for half B). Vehicle
group (

 

r

 

 

 

5

 

 0.96, reliability 

 

5

 

 0.98, 

 

p

 

 

 

,

 

 0.01) and diazepam
scores (

 

r

 

 

 

5

 

 0.88, reliability 

 

5

 

 0.93, 

 

p

 

 

 

,

 

 0.01) were significantly
reliable. The “true” genetic correlations of diazepam with
ethanol and pentobarbital withdrawal severities were esti-
mated according to McNemar [(48), p. 153]. Using the correc-
tion for attenuation, the diazepam/ethanol correlation (

 

r

 

 

 

5

 

0.91) and the diazepam/pentobarbital correlation (

 

r

 

 

 

5

 

 0.88)
were significant (both 

 

p

 

s 

 

,

 

 0.01).

 

DISCUSSION

 

The results of this study provide strong evidence that there
are common genetic determinants of diazepam, ethanol, and
pentobarbital withdrawal convulsions. There is substantial ev-
idence to suggest that there should be a common neural
mechanism underlying withdrawal from these three types of
drugs. One receptor system known to mediate some of the ef-
fects of all three of these drugs is the GABA/benzodiazepine
receptor/chloride ionophore complex (GRC). Besides distinct
binding sites for GABA and benzodiazepines, the GRC has
binding sites for many compounds, including neuroactive ste-
roids, barbiturates, competitive and noncompetitive antago-
nists, and zinc ions (56). Functional similarity among these
drugs is shown by the fact that in vitro GABA-stimulated
chloride flux is enhanced by ethanol, benzodiazepines, and
barbiturates (31,51). Brain region-specific changes in GRC
subunit mRNA levels have been shown by chronic ethanol or
pentobarbital treatment in vivo (9,44), implying that these
drugs may regulate neural function by affecting GRC constit-
uency.

Comparison of the present results with those collected in
our earlier study suggested that there may have been effects
of previous testing (i.e., for ethanol and pentobarbital with-
drawal) on diazepam withdrawal in some strains (50). Particu-
larly, the DBA/2J strain seemed to have lower withdrawal
scores with repeated testing. The reason for this is not clear.
Others have shown that C3H/HeJ inbred and outbred Swiss–
Webster mice have significantly greater ethanol withdrawal
scores with subsequent ethanol treatment/withdrawal epi-
sodes when fewer than 12 h separate the exposure periods
(1,2,30). However, Goldstein (30) noticed that Swiss–Webster
mice had withdrawal seizures that were no more, or less, se-
vere after four cycles of ethanol exposure when 24 h separated
the exposure periods. Belknap et al. (7) found that DBA/2J
mice had fewer seizures if 24-h periods separated three 3-day
cycles of phenobarbital exposure admixed in the diet. All of
these studies only examined withdrawal seizures after all of
the exposure/rest cycles were completed, used independent
groups as controls, and used chronic drug-exposure regimens.
In contrast, our study tested the mice for acute withdrawal

FIG. 3. Scatterplots and lines of least squares regression of strain
means showing genetic correlation of withdrawal severity scores of
diazepam (present data; Y-axes) with (A) ethanol [(50); Y-axis] and
(B) pentobarbital [(50); Y-axis]. Labeled symbols represent inbred
strain means. rG, the Pearson’s correlation coefficient, is shown for
each relationship. (A) Ethanol and diazepam withdrawal severities
were significantly genetically correlated (p , 0.01). (B) Pentobarbital
and diazepam withdrawal severities were significantly genetically cor-
related (p , 0.01).
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seizure severity at 1-week intervals, once after each drug (50).
Regardless of the reason, the present results strongly suggest
that repeated testing of the same animals for CNS depressant
drug withdrawal should be avoided in studies examining ge-
netic susceptibility to withdrawal from a single drug.

It is also possible that previous testing for ethanol with-
drawal severity affected the pentobarbital withdrawal results,
but we do not believe ethanol had an important effect (50).
We examined the data for effects of previous testing by ana-
lyzing the predrug baseline scores within animal for differ-
ences across drugs. Significant effects of previous testing on
baseline scores were found for six strains. Of these, three
strains had significantly different (i.e., lower) baseline scores
prior to pentobarbital withdrawal compared to their preetha-
nol scores. There was no effect on the ethanol/pentobarbital
withdrawal correlation (r 5 0.69, p , 0.02) when these three
strains were removed from the analysis, arguing that the pen-
tobarbital withdrawal scores obtained were not appreciably
different than would have been obtained had the animals
been tested when naive. Thus, the data now consistently sup-
port significant genetic correlations among these three drugs.

As noted, Withdrawal Seizure Prone (WSP) mice show se-
vere withdrawal convulsions following acute (i.e., single ad-
ministration) and/or chronic administration of several alco-
hols, barbiturates, nitrous oxide, and several benzodiazepines,
including diazepam (4–6,20,42,49). WSR mice, selectively bred
in parallel for minimal ethanol withdrawal severity, are gener-
ally resistant to withdrawal convulsions from these drugs.
These data also support genetic commonality of ethanol, pen-
tobarbital, and diazepam withdrawal.

Recently, another set of lines was selectively bred starting
from an F2 intercross of C57BL/6J and DBA/2J inbred strains.
High (HAW) and Low Alcohol Withdrawal (LAW) were
tested following a single hypnotic dose of ethanol (4 g/kg).
Results in these lines provide independent confirmation of
the data obtained in WSP and WSR mice and those reported
here in inbred strains; namely, ethanol, pentobarbital, and di-
azepam withdrawal convulsion severities are genetically cor-
related (49). In addition to providing confirmation of the cor-
relation of diazepam and ethanol withdrawal, these lines also
differed in precipitated and spontaneous withdrawal from
zolpidem, an imidazopyridine having agonist properties at the
benzodiazepine receptor (49).

Similarly bred lines selected for High (HPW) and Low
Pentobarbital Withdrawal (LPW) following a single hypnotic
dose of pentobarbital (60 mg/kg) have been tested for acute
ethanol and diazepam withdrawal. HPW mice had signifi-
cantly greater ethanol withdrawal than LPW mice after only
two generations of selective breeding (Belknap et al., in prep-
aration). HPW mice also had greater diazepam withdrawal
than LPW mice by the fourth selected generation.

Finally, no lines of mice have been selectively bred for
benzodiazepine withdrawal severity to date, making the final
symmetrical test of the hypothesis impossible at present.
However, taken together, these studies strongly imply that the
induction of convulsions by withdrawal from acute or chronic
ethanol, benzodiazepines, and barbiturates occurs, at least in
part, via a common genetic mechanism.

We are currently testing the set of RI strains derived from
the cross of C57BL/6J and DBA/2J mice for diazepam with-
drawal severity as part of our efforts to map genes involved in
CNS-depressant drug withdrawal (Gallaher et al., unpub-
lished). We plan to correlate strain mean diazepam with-
drawal scores with those collected for ethanol and pentobar-
bital withdrawal in these same strains (8,11). The genetic
correlation between ethanol and pentobarbital withdrawal in
the BXD RI strains was 0.79 (p , 0.001) (8), in good agree-
ment with the results found in inbred strains (r 5 0.70, p ,
0.004) (50).

The RI strain gene mapping data can also be used to look
for quantitative trait loci (QTLs) for each drug that fall within
the same chromosome regions. Such QTLs would imply that
there are genes that affect withdrawal from CNS-depressant
drugs in general. In fact, there may be such genes residing in
three chromosomal locations [(11); (8), in preparation]. Stud-
ies are in progress to identify the specific genes that may me-
diate these withdrawal-related responses.
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