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LI~, A. D., J. M. KHANNA, H. KALANT AND F. GROSSI. Tolerance to and cross-tolerance among, ethanol, pentobar- 
bital and chlordiazepoxide. PHARMACOL BIOCHEM BEHAV 24(1) 93-98, 1986.--The acute administration of 
ethanol, pentobarbital and chlordiazepoxide impaired, in a dose-dependent manner, the performance of rats on the 
moving-belt and two-way shuttle-box avoidance tests. Administration of these drugs for three weeks resulted in tolerance 
to their motor-impairing effects. Tolerance to ethanol or pentobarbital was characterized by a parallel shift of the dose- 
response curve to the right. Tolerance to chlordiazepoxide, however, was of greater extent and was accompanied by an 
apparent flattening of the dose-response curve. Symmetrical cross-tolerance developed between ethanol and pentobarbital. 
On the other hand, while chlordiazepoxide treatment conferred full cross-tolerance to ethanol and pentobarbital, only 
partial cross-tolerance to chlordiazepoxide was observed following treatment with ethanol or pentobarbital. These results 
suggest that at least part of the tolerance to chlordiazepoxide depends on changes in specific benzodiazepine receptors and 
is independent of the tolerance associated with non-specific changes in the cell membrane. 

Tolerance Ethanol Pentobarbital Chlordiazepoxide 

THE acute administration of benzodiazepines produces a 
general depressant effect on the central nervous system [13], 
and tolerance to this effect has been reported to occur fol- 
lowing chronic administration [14,34]. Clinical observations 
have indicated that the drowsiness occurring during the ini- 
tiation of diazepam treatment disappears after a few days of 
chronic treatment, despite a higher blood level of diazepam 
and its metabolite as a consequence of accumulation in the 
body [14]. Animal studies have revealed a similar phenom- 
enon. In a conflict behavior paradigm which employs the 
unpunished bar-pressing response as the dependent measure 
for the depressant effect, tolerance to a variety of ben- 
zodiazepines has been demonstrated following chronic 
treatment [3, 27, 29, 40]. In addition, tolerance has also been 
shown to occur to the depression of locomotor activity by 
these drugs [6, 7, 11] and to their ataxic effect [4, 35, 36]. 
Despite these demonstrations of tolerance to the depressant 
effect of  benzodiazepines, it is still difficult to draw any gen- 
eral conclusion regarding the nature or extent of the 
tolerance, since limited doses and test systems were em- 
ployed in the studies cited. 

Besides their use in the treatment of anxiety, ben- 
zodiazepines, particularly diazepam and chlordiazepoxide, 
have been used quite extensively in the management of 
ethanol withdrawal reactions [39,46] and are known to be 
co-abused with other drugs [34]. Nevertheless,  it is clear that 
benzodiazepines differ from ethanol and other central de- 

pressants with respect to their spectra of effects on human 
psychomotor performance [45]. While clinical observations 
have suggested a potential cross-tolerance among the ben- 
zodiazepines [46], few experimental studies have been done 
to assess the development of  cross-tolerance between ben- 
zodiazepines and other central depressants.Changes in 
benzodiazepine receptor binding have been observed fol- 
lowing chronic ethanol or barbiturate administration, but 
it was not actually demonstrated that cross-tolerance to 
benzodazepines existed after such treatment [9, 21, 30]. 
Recent work by Rosenberg et al. [36] has shown that while 
chronic treatment with flurazepam produced a high degree of 
tolerance to diazepam-induced ataxia, little or no cross- 
tolerance to ethanol and pentobarbital was observed. The 
possibility of cross-tolerance to benzodiazepines following 
ethanol or pentobarbital treatment was not examined. 

In the present study, we report the development of 
tolerance to ethanol, pentobarbital and chlordiazepoxide, 
and cross-tolerance between them, as measured by changes 
in dose-response (D-R) curve for each drug, on two different 
test systems: shuttle box avoidance [1,44] and the moving 
belt [25]. 

METHOD 

Male Wistar rats weighing 200-220 g were purchased from 
Charles River (Montreal, Quebec). They were housed 
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FIG. 1. Two-way shuttle-box avoidance response to various doses 
of ethanol, pentobarbital and chlordiazepoxide before and after 
chronic treatment with these drugs. Open symbols are values ob- 
tained before, and closed symbols after, chronic treatment. N = 12 at 
each point. Vertical bar represents positive half of S.E.M. 

singly and fed a standard rat chow diet. The weight of each 
animal was held at approximately 320 g by appropriate re- 
striction of the daily ration of  chow. Tap water was available 
ad lib. Ambient temperature was maintained at 21 +_ I°C, and 
lights were on from 7 a.m. to 7 p.m. daily throughout the 
whole experiment. 

Experiment 1: Shuttle-Box Avoidance Study 

The apparatus employed in this study was a Lehigh Val- 
ley Electronics Model No. 146-04 toggle floor shuttle-box 
which was described in detail previously by Stiglick and 
Kalant [44]. In this test, rats were trained to avoid the un- 
conditional stimulus (US) of an electrical foot shock (0.6 
mA), delivered through the grid floor, by crossing to the other 
compartment. The conditional stimulus (CS) was a compound 
stimulus consisting of a light and a tone presented together. 
The light stimulus was the onset of the cue light on the side of 
the apparatus occupied by the subject at the start of the 
interval. The tone stimulus was generated from a point di- 
rectly over  the centre of the apparatus by a Mallory Sonalert 
(standard on the Lehigh Valley shuttle box), adjusted to a 
sound intensity of 70 dB at 2000 Hz. The CS-UCS interval 
was 7.0 sec. Both stayed on until the animal crossed to the 
other side of  the apparatus, and then terminated simulta- 
neously. An avoidance response occurred whenever  the rat 
moved to the safe compartment during the CS-UCS interval, 
i.e., before the footshock was delivered. Each training ses- 
sion consisted of 20 trials with ari inter-trial interval of 30 
sec. After 10 training sessions, 36 rats which had reached a 
criterion of 95% correct responses (19 out of 20 trials) were 
chosen for the study. 

Rats were randomly divided into 3 groups of 12 each and 
were designated for acute testing and subsequent chronic 
treatment with chlordiazepoxide, ethanol or pentobarbital. A 
D-R curve for each drug was generated before and after 
chronic treatment with one of  the drugs. Each animal in a 
group received each of  the 4 doses of the drug examined, in a 
Latin square design, to generate a D-R curve with n= 12 per 
point. The test doses for ethanol were 1.4, 1.6, 1.8 and 2 
g/kg; for pentobarbital: 12.5, 15, 17.5 and 20 mg/kg; and for 
chlordiazepoxide: 15, 21, 27 and 33 mg/kg. All drugs were 
dissolved in saline and injected ihtraperitoneally. The vol- 
ume of injection was maintained constant, and different dos- 

ages were attained by varying the drug concentrations. Fol- 
lowing the acute testing, animals were then treated once 
daily by gavage with ethanol (6 g/kg), pentobarbital (50 mg/kg) 
or chlordiazepoxide (60 mg/kg) for 3 weeks. At the end of this 
treatment, each animal received a practice session to ensure 
that it still performed at criterion, then a D-R curve was 
generated with the same dosages previously employed, to 
determine the extent of tolerance. Subsequently animals 
from each treatment group were randomly divided into 2 
subgroups (n=6) and were tested for cross-tolerance to one 
dose of  each of the other two drugs. The doses chosen were 
approximately equieffective in the initial D-R studies (Fig. 
1). All chronic treatment doses were given between 10 and I 1 
a.m.; test doses began at 10 a.m., but in some of the larger 
experiments with staggered starting times some of the doses 
could not be given until noon to 1 p.m. On test days, after 
completion of the test, the difference between the test and 
treatment doses was given as a supplement by gastric intu- 
bation. 

Experiment 2: Moving-Belt Study 

The moving-belt test has been described in detail previ- 
ously [10,25]. In summary, rats were trained to remain on a 
motor-driven belt that moves continuously over a shock 
grid. If the rat puts one or more paws on the grid it receives a 
0.5 mA shock and activates a timer which measures cumula- 
tive time off belt during any 2-min trial. Seventy-two rats, 
trained to a criterion of less than 1% error (i.e., less than 1.2 
sec off belt in any 2-rain trial), were employed for the study. 
They were divided randomly into 3 groups of 24 each and 
were designated for acute testing followed by chronic treat- 
ment with ethanol, pentobarbital or chlordiazepoxide. A 
3-point (n=8 at each) D-R curve was generated for each drug 
before and at weekly intervals during chronic treatment. The 
duration and regimen of chronic treatment were similar to 
those of Experiment I. The test doses for ethanol were 1.6, 
1.8 and 2 g/kg; for pentobarbital: 15, 17.5 and 20 mg/kg; and 
for chlordiazepoxide: 35, 45 and 55 mg/kg. To measure the 
development of cross-tolerance, animals from each treat- 
ment group were divided into 4 subgroups (n=6), and were 
cross-tested with two different doses of the other drugs. 

RESULTS 

Shuttle-Box Avoidanee Experiment 

The effects of ethanol, pentobarbital and chlordiazepoxide 
on the avoidance performance before and after chronic treat- 
ment are shown in Fig. 1. Within the dose range employed, 
these drugs clearly impaired the avoidance performance in a 
dose-dependent manner. Analysis of variance revealed a signif- 
icant effect of chronic treatment, F(1,8)=133, p<0.001 for 
ethanol; F( 1,8)=48, p<0.001 for pentobarbital; F( 1,8)= 114, 
p<0.001 for chlordiazepoxide. These results clearly demon- 
strate that chronic treatment gave rise to tolerance to the 
impairment produced by all three drugs. The same analysis 
of variance, however, showed no significant interaction be- 
tween treatment and test doses for ethanol and pentobarbi- 
tal, F(3,24)=0.5, p>0.05 for ethanol; F(3,24)=0.4, p>0.05 
for pentobarbital. The lack of significant interaction indicates 
that there is a parallel shift of the D-R curve to the right 
following chronic ethanol or pentobarbital treatment. On the 
other hand, a significant interaction between treatment and 
test dose was observed for chlordiazepoxide, F(3,24)=33.7, 
p<0.001, indicating that the observed extent of tolerance to 
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FIG. 2. Number of correct avoidance responses by animals treated 
with a test dose of(a) 2 g/kg ethanol, (b) 17.5 mg/kg pentobarbital, or 
(c) 33 mg/kg chlordiazepoxide. The various groups shown are: (a) tween the C and C-C groups, but did not differ significantly 
E--acute treatment with ethanol only; E-E, P-E, C-E--ethanol test from them or from each other (p>0.05 in all cases). This 
after chronic treatment with ethanol, pentobarbital, or chlor- suggested that cross-tolerance to chlordiazepoxide following 
diazepoxide respectively, (b) P--acute pentobarbital only; P-P, E-P, ethanol and pentobarbital treatment is of very limited de- 
C-P--pentobarbital test after chronic pentobarbital, ethanol, or 
chlordiazepoxide respectively, (c) C--acute chlordiazepoxide only; gree. 
C-C, E-C, P-C--chlordiazepoxide after chronic chlordiazepoxide, 
ethanol or pentobarbital respectively. Vertical bar represents the Moving-Belt Study 
positive half of S.E.M. Asterisk indicates p<0.05 for comparison 
with response of naive animals (E. P and C respectively); the P-E The development of tolerance to and cross-tolerance 
group is also significantly different from E-E and C-E q~<0.05 in among ethanol, pentobarbital and chlordiazepoxide is shown 
each case), in Fig. 3. Analysis of variance shows a significant effect of 

treatment for all three drugs examined, F(1,40)=31.6, 
p<0.001 for ethanol; F(1,40)=57.70,p<0.001 for pentobarbi- 
tal; F( 1,41 )=97.8, p <0.02 for chlordiazepoxide. This indicates 

chlordiazepoxide is dependent on the test dose employed, so that tolerance developed to the motor-impairment effect of 
that the D-R curve is shifted in a non-parallel fashion, all three drugs following chronic treatment. No significant 

The development of tolerance to and cross-tolerance interaction between dose and treatment was observed for 
among these drugs, as tested by the same dose, are shown in either ethanol, F(2,40)=1.7, p>0.2,  or pentobarbital, 
Fig. 2. Chronic treatment with ethanol produced tolerance to F(2,40)= 1.8, p>0.2.  However,  as in Experiment 1, a signifi- 
ethanol (E-E group, Fig. 2a; t=5.8,  p<0.001 vs. E). In addi- cant dose × treatment interaction was found for chlor- 
tion, chronic treatment with either pentobarbital or chlor- diazepoxide, F(2,41)=3.6, p<0.05. This again suggests that 
diazepoxide resulted in the development of cross-tolerance chronic treatment with chiordiazepoxide produced a non- 
to ethanol (Fig. 2a), as both groups showed significantly bet- parallel shift in the D-R curve of  this drug. 
ter performance than that of  animals receiving only acute It is obvious from Fig. 3 that chronic treatment with pen- 
ethanol (t=2.90, p<0.01 for the pentobarbital-treated group; tobarbital produced cross-tolerance to ethanol, that was not 
t=6.1,  p<0.001 for the chlordiazepoxide-treated group; different in degree from the tolerance to ethanol itself, 
two-tailed Student 's t-test for unpaired data). There was no F(1,20)=1.4, p>0.05. A slightly greater amount of cross- 
difference between the performances of the E-E and C-E tolerance to ethanol was observed after chronic chior- 
groups, but the P-E rats did not perform as well (,o<0.05 diazepoxide treatment than after chronic ethanol treatment, 
compared to either E-E or C-E group). Tolerance to pen- F(I,21)=9.8, p<0.005. The extent of cross-tolerance to pen- 
tobarbital was also observed (Fig. 2b, P-P group), as well as tobarbital after chronic ethanol or chlordiazepoxide treat- 
cross-tolerance to pentobarbital after ethanol or chlor- ment was similar to that produced by chronic treatment with 
diazepoxide treatment (E-P and C-P respectively). There pentobarbital itself, F(1,20)=0.8, p>0.7  for ethanol vs. pen- 
were no statistically significant differences among the per- tobarbital, and F(1,22)=2.5, p>0.1 for chlordiazepoxide vs. 
formances of the P-P, E-P and C-P animals. Chronic treat- pentobarbital. Moreover, there were no significant treatment 
ment with chlordiazepoxide produced significant tolerance × dose interaction effects in the tests with ethanol or pen- 
to chlordiazepoxide (Fig. 2c, C-C vs. C group). Animals tobarbital, so that the cross-tolerance curves were essen- 
tested with chlordiazepoxide after chronic treatment with tially parallel to the primary tolerance curves. 
ethanol (E-C) or pentobarbital (P-C) were intermediate be- The extent of cross-tolerance to chlordiazepoxide in- 
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duced by chronic ethanol or pentobarbital treatment, how- 
ever, was much smaller than that of tolerance to chlor- 
diazepoxide itself, F(1,22)=30.9, p<0.001 for ethanol; and 
F(1,23)=35, p<0.01 for pentobarbital. In addition, the 
treatment x dose interaction was significant for chlor- 
diazepoxide vs. ethanol groups, F( 1 22)=4.4, p<0.05, and ap- 
proached significance for pentobarbital vs. chlordiazepoxide 
groups, F( 1,23)=3.6, p =0.06. This suggests that the pattern 
of cross-tolerance to chlordiazepoxide following chronic 
ethanol or pentobarbital treatment was different from that of 
tolerance to chlordiazepoxide itself. 

DISCUSSION 

The results of the present study confirm and extend ear- 
lier observations that chronic treatment with ethanol, pen- 
tobarbital or chlordiazepoxide resulted in the development 
of tolerance to their respective impairment effects [7, 20, 25]. 
In addition, the present data also show that chronic treat- 
ment with one drug will confer cross-tolerance to the others. 
In both experiments, since the drug effects were quantified 
within 10-15 min after administration of the test dose, it is 
unlikely that changes in the rate of metabolism would play a 
significant role in the observed tolerance or cross-tolerance. 

Although the shuttle-box test and the moving-belt test 
both contain elements of active avoidance and escape per- 
formance, and though all three drugs can exert sedative and 
hypnotic actions, the patterns of tolerance and cross- 
tolerance differed according to both test and drug. On both 
tests, tolerance to ethanol and pentobarbital was charac- 
terized by parallel shift of the D-R curves to the right, as 
previously reported by numerous observers (for references, 
see [19,20]). In contrast, chronic chlordiazepoxide treatment 
resulted in chlordiazepoxide D-R curves that were both 
shifted to the right and significantly less steep in the tolerant 
group than in the controls, over the dose ranges tested. It is 
impossible to decide, from these results, whether the curves 
for the tolerant animals would eventually reach the same 
maximum as for the controls, or whether their maximum 
responses are reduced (i.e., '~flattening" of the curves). 
Separate experiments with a much wider dose range are re- 
quired for this purpose, Ryan and Boisse [37], using the 
technique of '~maximal tolerated dose" administration pre- 
viously applied to studies of barbiturate tolerance [33], found 
that chlordiazepoxide-tolerant rats could be brought to the 
same level of intoxication as naive rats if the dose was raised 
5-fold. In contrast, benzodiazepine tolerance in humans ap- 
pears to be accompanied by very marked flattening of the 
D-R curve [15,16], such as that observed with morphine 
tolerance in rats [31]. 

Although plasma levels of the drugs were not measured, it 
is well known that the rate of ethanol metabolism [17] in the 
rat, and the elimination half-lives of pentobarbital [22] and 
chlordiazepoxide [4,24] are such that no interaction was 
likely between the chronic treatment doses and the subse- 
quent test doses. Moreover, the possibility of such interac- 
tion is even less likely in view of the known increases in rate 
of biotransformation of all three drugs after chronic adminis- 
tration [5, 17, 18, 22, 24]. However, chlordiazepoxide has 
active metabolites with longer half-lives than the parent 
compound [4,5], and the possibility of interaction of these 
metabolites with the test drugs cannot be ruled out. Never- 
theless, this seems unlikely for two reasons. First, the final 
DR curves for ethanol and pentobarbital were the same in 
rats treated chronically with chlordiazepoxide as in the 

chronic ethanol and chronic pentobarbital groups: residual 
active metabolites should have increased the relative effect 
of the test doses. Second, accumulated active metabolites 
should have added to the effects of the chlordiazepoxide test 
doses as well, yet the tolerance to chlordiazepoxide itself 
was greater than the cross-tolerance to this drug in the 
chronic ethanol and pentobarbital groups. 

Similar disparities are seen in the cross-tolerance among 
the three drugs. In the shuttle-box avoidance paradigm, 
cross-tolerance to ethanol in pentobarbital-treated rats was 
significantly less than in chlordiazepoxide-treated animals, 
or than primary tolerance to ethanol itself. This may have 
been because the pentobarbital treatment dose was not fully 
equivalent to the treatment doses of the other" two drugs. 
Indeed, primary tolerance to pentobarbital was less than 
cross-tolerance to pentobarbital in the ethanol- and 
chlordiazepoxide-treated groups. In contrast, cross- 
tolerance to chlordiazepoxide in ethanol- and pentobarbital- 
treated groups was significantly less than primary tolerance 
to chlordiazepoxide itself. Virtually the same pattern was 
seen in the moving belt experiment, except that cross- 
tolerance between ethanol and pentobarbital, as well as pri- 
mary tolerance to each, were all of approximately the same 
magnitude. Presumably for the rats in Experiment 2, the 
chronic treatment doses of the three drugs were more closely 
equivalent. 

These findings are, in general, consistent with the hy- 
pothesis that the stimulus to tolerance development is not 
the drug itself, but the degree of functional disturbance it 
produces [26]. Nevertheless, this hypothesis must be qual- 
ified, since it has already been shown that on other tests 
equieffective doses of ethanol and pentobarbital do not in- 
duce equal degrees of cross-tolerance to each other [ 12,28]. 

The findings also suggest a possible difference in the 
mechanism(s) underlying the development of tolerance to 
the three drugs. Ethanol and pentobarbital are generally be- 
lieved to exert their depressant effects by non-specific in- 
teractions with lipids and protein inclusions in the cell mem- 
brane [ 19,38]. Benzodiazepines may possibly produce some 
of their effects in a similar manner, but there is good evi- 
dence that at least some of their actions (e.g., anticonvulsant 
action) result from their combination with stereospecific re- 
ceptors in the brain [2, 30, 43]. The existence of such recep- 
tors might allow additional mechanisms of tolerance to ben- 
zodiazepines that do not apply to ethanol and pentobarbital, 
such as changes in specific receptor density, binding affinity, 
or in some transduction process between drug-receptor 
complex and effector mechanisms [19]. Indeed, experiments 
both in vivo [35] and in neuronal cultures [41,42] indicate 
that chronic benzodiazepine treatment results in decreased 
benzodiazepine receptor binding. Thus, chronic treatment 
with ethanol or pentobarbital may not activate all the poten- 
tial adaptive responses available to chlordiazepoxide, so that 
cross-tolerance from ethanol or pentobarbital to chlor- 
diazepoxide is not as great as primary tolerance to chlor- 
diazepoxide itself. Conversely, not all the mechanisms of 
tolerance activated by chlordiazepoxide can be utilized by 
ethanol or pentobarbital, so that cross-tolerance from chlor- 
diazepoxide to these drugs is no greater than primary 
tolerance to these drugs themselves. A similar picture was 
observed previously in this laboratory concerning the devel- 
opment of cross-tolerance between the hypothermic effects 
of ethanol and morphine [23]. 

To test the validity of these speculations, it will be neces- 
sary to see whether specific benzodiazepine receptor block- 



T O L E R A N C E  A M O N G  S E D A T I V E - H Y P N O T I C S  97 

ers abol ish the apparen t  f lat tening of  the ch lord iazepoxide  
D-R curve,  as na loxone  did to the f lat tening of  the morph ine  

curve [32], and w h e t h e r  such b lockers  res tore  symmet ry  of  
c ross - to le rance  among the three drugs.  

REFERENCES 

I. Bohus, B., Tj. B. van Wimersma Greidanus and D. deWied. 
Behavioral and endocrine responses of rats with hereditary hy- 
pothalamic diabetes insipidus (Brattleboro strain). P/nsiol 
Behav 14: 609-615, 1975. 

2. Braestrup, C. and R. Squires. Pharmacological characterization 
of benzodiazepine receptors in the brain. Eur J Pharmacol 78: 
263-270, 1978. 

3. Cesare, D. A. and J. W. McKearney. Tolerance to the suppres- 
sive effects of chlordiazepoxide on operant behavior. Phar- 
ma<'ol Bioc'hem Behav 13: 545-548, 1980. 

4. Chan, A. W. K., H. B. Greizerstein and W. Strauss. Alcohol- 
chlordiazepoxide interaction. Pharmacol Biochem Behav 17: 
141-145, 1982. 

5. Christensen, J. D. Tolerance development with chlor- 
diazepoxide in relation to the plasma levels of the parent com- 
pound and its main metabolites in mice. Acta Pharma('<>l To.v# 
co/33: 262-272, 1973. 

6. File, S. E. Rapid development of tolerance to the sedative ef- 
fects of Iorazepam and triazolam in rats. Psychopharmacology 
tBerlin) 73: 240-245, 1981. 

7. File, S. E. and J. R. G. Hyde. Can social interaction be used to 
measure anxiety? Br ,I Pharmaeol 62: 1%26, 1978. 

8. Frankel, F., J. M. Khanna, A. E. LeBlanc and H. Kalant. Ef- 
fect ofp-chlorophenylalanine on the acquisition of tolerance to 
ethanol and pentobarbital. Psychopharmacologia 44: 247-252, 
1975. 

9. Freund. G. Benzodiazepine receptor loss in brains of mice after 
chronic alcohol consumption. Lil~ ~ Sci 27: 987-992, 1980. 

10. Gibbins, R. G., H. Kalant and A. E. LeBlanc. A technique for 
accurate measurement of moderate degrees of alcohol intoxica- 
tion in small animals. J Pharmacol Exp Ther 159: 236-242, 1968. 

11. Goldberg, M. E., A. A. Manian and D. H. Efron. A comparative 
study of certain pharmacologic responses following acute and 
chronic administrations of chlordiazepoxide. Lt]~, Sci 6: 481- 
489, 1967. 

12. Gougos, A., A. D. L6, H. Kalant and J. M. Khanna. The 
method of chronic ethanol administration as a factor in 
tolerance development. Soc Neurosci Abstr 19: 357.10, 1983. 

13. Greenblatt, D. J. and R. 1. Shader. Benzodiazepines in Clinical 
Practice. New York: Raven Press. 1974. 

14. Greenblatt, D. J. and R. I. Shader. Dependence, tolerance, and 
addiction to benzodiazepines: Clinical and pharmacokinetic 
considerations. Drtte Melah Rev 8: 13-28, 1978. 

15. Griffiths, R. R., G. E. Bigelow, I. Liebson and J. E. Kaliszak. 
Drug preference in humans: Double blind choice comparison of 
pentobarbital, diazepam and placebo..1 Pharma('ol Exp Ther 
215: 649-661, 1980. 

16. Griffiths, R. R., D. R. McLeod, G. E. Bigelow, 1. A. Liebson 
and J. D. Roach. Relative abuse liability of diazepam and 
oxazepam: Behavioral and subjective dose effects. Psycho- 
pharmacolo~,y (Berlin)84: 147-154, 1984. 

17. Hawkins, R. D., H. Kalant and J. M. Khanna. Effect of chronic 
intake of ethanol on the rate of ethanol metabolism. Can J 
l'hysiol Pharmac'ol 44: 241-257, 1966. 

18. Hoogland, D. R., T. S. Miya and W. F. Bousquet. Metabolism 
and tolerance studies with chlordiazepoxide-2-~4C in the rat. 
To.vi~ol Appl Pharmacol 9: 116-123, 1966. 

19. Kalant, H. Comparative aspects of tolerance to, and depend- 
ence on, alcohol, barbiturates and opiates. In: Alcohol Into.v# 
cation and Withdrawal. Advances in Experimental Medicine 
and Bioloey, vol 85B, edited by M. M. Gross. New York: 
Plenum Press, 1977. 

20. Kalant, H., A. E. LeBlanc and R. J. Gibbins. Tolerance to, and 
dependence on, some non-opiate psychotropic drugs. Phar- 
macol Rev 23: 135-191, 1971. 

21. Karobath, M., J. Rogers and F. E. Bloom. Benzodiazepine re- 
ceptors remain unchanged after chronic ethanol administration. 
Neuropharnmeology 19: 125-128, 1980. 

22. Khanna, J. M., H. Kalant, A. D. L6, J. M. Mayer and A. E. 
LeBlanc. Effect of p-chlorophenylalanine on the acquisition of 
tolerance to the hypnotic effect of pentobarbital, barbital and 
ethanol. Can J Physiol Pharmacol 58: 1031-1041, 1980. 

23. Khanna, J. M., A. D. L6, H. Kalant and A. E. LeBlanc. Cross- 
tolerance between ethanol and morphine with respect to their 
hypothermic effects. Eur J Pharmaeol 59: 145-149, 1979. 

24. Koechlin, B. A., M. A. Schwartz, G. Krol and W. Oberhansli. 
The metabolic fate of C~4-1abelled chlordiazepoxide in man, in 
the dog, and in the rat. J Pharmaeol Exp Ther 148: 39%411, 
1965. 

25. LeBlanc, A. E., R. J. Gibbins, H. Kalant and N. D. Berman. 
Acquisition and loss of tolerance to ethanol by the rat. ,I Phar- 
macol E.~7) Ther 168: 244-250, 1969. 

26. LeBlanc, A. E., H. Kalant and R. J. Gibbins. Acquisition and 
loss of behaviorally augmented tolerance to ethanol in the rat. 
Psychopharmaeology (Berlitz)48: 153-158, 1976. 

27. Margules, D. L. and L. Stein. Increase of "anti-anxiety" activ- 
ity and tolerance of behavioral depression during chronic admin- 
istration of oxazepam. Psyehopharmacologia 13: 74-80, 1968. 

28. Mayer, J. M., J. M. Khanna, H. Kalant and G. Ho. Different 
sites of action for morphine, ethanol, barbital and pentobarbital 
within the guinea-pig ileum longitudinal muscle/myenteric 
plexus preparation. Eur J Pharmacol 75: 103-108, 1981. 

29. McMillan, D. E. and J. D. Leander. Chronic chlordiazepoxide 
and pentobarbital interactions on punished and unpunished be- 
havior. J Pharmacol Exp Ther 207: 515-520, 1978. 

30. Mohler, H., T. Okada and S. J. Enna. Benzodiazepine and neu- 
rotransmitter receptor binding in rat brain after chronic adminis- 
tration of diazepam or phenobarbital. Brain Res 156: 391-395, 
1978. 

31. Mucha, R. F. and H. Kalant. Log dose/response curve flatten- 
ing in rats after daily injection of opiates. Psychopharmacology 
(Berlin) 71: 51-61, 1980. 

32. Mucha, R. F. and H. Kalant. Naloxone prevention of morphine 
LDR curve flattening associated with high-dose tolerance. Psy- 
chopharmaeology (Berlin)75: 132-133, 1981. 

33. Okamoto, M., H. C. Rosenberg and N. R. Boisse. Tolerance 
characteristics produced during the maximally tolerable chronic 
pentobarbital dosing in the cat. J Pharmacol Exp Ther 192: 
555-569, 1975. 

34. Petursson, H. and M. H. Lader. Benzodiazepine dependence. 
Br J Addict 76: 133-145, 1981. 

35. Rosenberg, H. C. and T. H. Chiu. Tolerance during chronic 
benzodiazepine treatment associated with decreased receptor 
binding. Eur ,I Pharmacol 70: 453-460, 1981. 

36. Rosenberg, H. C., S. Smith and T. H. Chiu. Benzodiazepine-- 
Specific and non-specific tolerance following chronic 
flurazepam treatment. L(I~" Sci 32: 27%285, 1983. 

37. Ryan, G. P. and N. R. Boisse. Experimental induction of ben- 
zodiazepine tolerance and physical dependence. J Pharmacol 
Exp Ther 226: 100-107, 1983. 

38. Seeman, P. The membrane actions of anesthetics and tran- 
quilizers. Pharmaco/Rev 24: 583-655, 1972. 

39. Sellers, E. M. and H. Kalant. Alcohol intoxication and with- 
drawal. N Engl J Med 294: 757-762, 1976. 

40. Sepinwall, J.. F. S. Grodsky and L. Cook. Conflict behavior in 
the squirrel monkey: Effects of chlordiazepoxide, diazepam or 
N-desmethyldiazepam. J Pharmacol Exp Ther 204: 88-102, 
1978. 



98 LI~, K H A N N A ,  K A L A N T  A N D  GROSSI  

41. Sher, P. K. Reduced benzodiazepine receptor binding in cere- 
bral cortical cultures chronically exposed to diazepam. Epilep- 
sia 24: 313-320, 1983. 

42. Sher, P. K., R. E. Study, J. Mazzetta, J. L. Barker and P. G. 
Nelson. Depression of benzodiazepine binding and diazepam 
potentiation of GABA-mediated inhibition after chronic expo- 
sure of spinal cord cultures to diazepam. Brain Res 268: 171- 
176, 1983. 

43. Squires, R. F. and C. Braestrup. Benzodiazepine receptors in 
rat brain. Nature 266: 732-734, 1977. 

44. Stiglick, A., M. E. Llewellyn and H. Kalant. Residual effects of 
prolonged cannabis treatment on shuttle box avoidance in the rat. 
Psychopharmacology (Berlin) 84: 476-479, 1984. 

45. Taberner, P. V., C. J. C. Roberts, E. Shrosbree, C. J. Pycock 
and L. English. An investigation into the interaction between 
ethanol at low doses and the benzodiazepines nitrazepam and 
temazepam on psychomotor performance in normal subjects. 
Psychopharmacoh~,y 81: 321-326, 1983. 

46. Woo, E. and D. J. Greenblatt. Massive benzodiazepine re- 
quirements during acute alcohol withdrawal. Am ,1 Psychiatry 
136: 821-823, 1979. 


