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GOUGOS, A , J M KHANNA, A D LI~ AND H KALANT Tolerant e to ethanoland ~ ross-tolerant e to pentobarbttal 
and barbttal PHARMACOL BIOCHEM BEHAV 24(4) 801-807, 1986 ---A chromc regamen of ethanol by mtubat~on, which 
produced clear tolerance to ethanol-reduced hypothermm, atax~a and narcosts, produced only a marginal degree of cross- 
tolerance to these effects of pentobarb~tal The lack of apprecmble cross-tolerance to pentobarb~tal-mduced hypothermm 
and atax~a was also observed over a w~de range of test doses However, cross-tolerance to barbital was observed after 
chromc treatment w~th ethanol Increased rate of drug b~otransformat~on d~d not contribute s~gnificantly to the observed 
tolerance and cross-tolerance The d~fference ~n the extent of cross-tolerance between ethanol and the two barbiturates ts 
consistent w~th the hypothes~s that there ~s a degree of speofictty m the sites of action of ethanol and other sedative- 
hypnotic drugs 

Ethanol Pentobarbttal Barbttal Tolerance Cross-tolerance 

ON the bas~s of extst~ng theories of tolerance, one would 
predict the development of  cross-tolerance between ethanol 
and barbiturates However, a review of the chnical and ex- 
perimental hterature on cross-tolerance [12] reveals data 
which are not entirely consistent with th~s prediction Al- 
though there is some supporttng ewdence,  various m.ves- 
t~gators have reported a lack of cross-tolerance to pentobar- 
baal m ethanol-tolerant subjects [5, 18, 24]. 

The diverstty m treatment regimen, t~me of testing, test 
system, strain, species and sex, or shortcomings m experi- 
mental destgn, do not permit firm conclusions about the 
posstble extstence of cross-tolerance Moreover, m some 
studies ~t was dtfficult to determine or d~sm~ss the contribu- 
tion of disposmonal changes to the reported cross-tolerance 
development [1, 4, 9, 10, 14], and m others ~t was not estab- 
hshed that tolerance to ethanol was present prior to, or con- 
com~tantly wtth, cross-tolerance to the barbiturate [19, 22, 
23]. In most studies, tests were done at a single t~me point, 
tmplymg the unproven assumption that tolerance and cross- 
tolerance develop at a s~milar rate and to the same extent 
The single test may have been done after a period of treat- 
ment which was not long enough for the full development of 
tolerance to occur [5]. Further comphcatmg the literature ~s 
the inconsistency of  the duratton of chromc treatment from 
study to study, and the d~verslty of methods of testing for 
cross-tolerance. In all of the work revtewed, there was a 
notable absence of  appropriate dose-response experiments 

The present experiments were destgned to address these 
various problems. The development of  tolerance to, and 
cross-tolerance between, ethanol and pentobarbital was 
examtned by testing repeatedly over an extended period of  
h~gh-dose treatment Cross-tolerance to a second barbitu- 
rate, barbttal, was also assessed following chromc treatment 
w~th ethanol. Three different tests were used to measure 
tolerance and cross-tolerance development, and the concen- 
trations of the test drugs m the blood were determined dunng 
each test sesston. Furthermore, the effect of  varying the test 
dose on cross-tolerance development was also assessed. 

METHOD 

Ammals 

Male Sprague-Dawley rats were obtained from Tacomc 
Farms at m~tml body weights of  150-200 g. They were indi- 
vidually housed m a colony room maintained at 21 -- I°C w~th 
a cycle of 12 hr hght, 12 hr darkness. Water was available at 
all t~mes Purina Rat Chow was g~ven ad hb until body 
weights reached 200-250 g. Thereafter, the daily ratton was 
restricted and individually adjusted to maintain comparable 
body weights m the various groups. 

Drugs 

Drugs used were 95% (w/v) ethanol, sodium pentobarbital 
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(BDH) and sod=um barbital (BDH). All drugs were prepared 
m ~sotomc saline on the day they were used 

Chrom( Ethanol Treatment 

An m~t~al dose of 3 g/kg/day was administered each morn- 
mg by mtubat~on and increased by 0 5 g/kg every 5 days to a 
maximum of 5 g/kg/day At th~s point an afternoon dose of 2 
g/kg was added, and increased by 0.5 g/kg every 8 days untd 
the total dose reached a maximum of 8 g/kg The solution 
strength was gradually increased from 15% to 25% (w/v) m 
order to avoid excessively large volumes at the htgher doses 
Control ammals received equal volumes of isocalonc su- 
crose solutions 

Test Prot edures 

All tests were done 24 hr after the previous treatment 
dose ~n order to prevent overlapping drug effects 

ltypothertma A 4 cm-long thermistor probe was inserted 
into the rectum and left until a stable temperature recording 
was obtained (approximately 30 sec) on a Yellow Spnngs 
Instrument electrical thermometer Th~s was done prior to 
and at successive 30 min ~ntervals after the mtrapentoneal 
test ~njection until the temperature began to return to nor- 
mal This generally occurred about 120 m~n after ~nject~on of 
ethanol or barbttal and 90 m~n after injection of pentobarb~- 
tal The hypothermic effect was quantified as the maximal 
drop ~n temperature over this t~me period. 

Motor tmpatrment The tdt~ng plane test was used as a 
measure of motor ~mpa~rment [2] The apparatus consists of 
a plane which can be ~nclmed at a fixed angular velocity 
through a range of 55 ° above the horizontal The ammal ~s 
placed on a shghtly roughened surface of the plane, which ~s 
then tdted untd the animal begins to shde from the starting 
pos~t~on The test measure is the angle at which th~s occurs 
The shd~ng angle was measured prior to and at 30, 60 and 90 
m~n after the mject~on of the drug The degree of post-drug 
atax~a was expressed as the percentage change m the shdmg 
angle, compared to the pre-drug value. Maxtmum ~mpa~r- 
ment, regardless of the t~me of~ts occurrence, was employed 
as the measure of the drug's effect 

Sleeping ttme The sleep onset t~me was defined as the 
t~me ~nterval between mjectton and Toss of the righting re- 
flex The sleeping time was defined as the t~me elapsed be- 
tween loss and recovery of the righting reflex The criterion 
for recovery of the righting reflex was the abd~ty of the rat to 
right ~tself 3 t~mes w~thm 30 sec 

Drug Analysts 

Blood ethanol was analyzed by the enzymatic method 
described previously [6]. Barbiturates were analyzed by 
gas-liquid chromatography, by an on-column methylat~on 
procedure, described recently [11] 

EXPERIMENT I" THE EFFECT OF CHRONIC 
ETHANOL TREATMENT BY GASTRIC INTUBATION 

ON THE DEVELOPMENT OF TOLERANCE TO 
ETHANOL AND CROSS-TOLERANCE TO 

PENTOBARBITAL AND BARBITAL 

In Experiment 1, three groups of rats (n=20 each) were 
tested for their hypotherm~c and motor ~mpa~rment re- 
sponses to e~ther ethanol, pentobarb~tal or barbital Each 
group was then subdw~ded into two subgroups matched w~th 
respect to their maximum hypotherm~c and motor ~mpa~r- 
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FIG I The effect of  chromc ethanol treatment by gastric mtuba- 
t~on, on the hy~therm~c response to elhanol, ~ n t o b a ~ a l  or b a ~ -  
tal Three groups of rats were tested approximately every l0 days 
w~th e~ther 2 6 ~kg IP of ethanol, 26 m~kg IP of ~ntobarbttal or 142 
m ~ g  IP barbital Chromc ethanol (&) versus eqmcalonc sucrose 
(A) Results shown are means~S E M w~th n=~10 ammals per 
group 

ment responses One subgroup was designated to serve as 
the chromcaily treated group and the other as the control 
Treated ammals recetved ethanol by gastric mtubatson for 
approximately 70 days and control ammals received 
equtcalonc doses of sucrose solution At 10-day intervals for 
the first 50 days of the treatment period, one ethanol and one 
sucrose group were tested for tolerance to the hypotherm~c 
and motor-tmpairlng effects of ethanol, whde the remaining 
groups were tested for cross-tolerance to these same effects 
of etther pentobarbttal or barbttal Eqmpotent test doses of 
ethanol (2 6 g/kg), pentobarb~tal (26 mg/kg) and barbttai (142 
mg/kg) had been determined previously for these groups by 
the use of dose-response curves Tml blood samples were 
taken immedmtely after the last motor impaarment measure- 
ment and stored at 4°C untd analysis was done The duratton 
of sleep reduced by ethanol (3.5 g/kg) and pentobarbttal (40 
mg/kg) was measured on day 63 of treatment, whde barbttal 
(200 mg/kg) sleep was measured on day 74 Tad blood sam- 
ples were taken upon recovery of the righting reflex 
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FIG 2 The effect of chronic ethanol treatment by 8astnc intuba- 
tlon, on motor ~mpmrment induced by ethanol, pentobarbita] or 
barbital as measured by the tdhn8 plane test Three groups of rats 
were tested approximately every 10 days with either 2 6 8/kg IP of 
ethanol, 26 mg/kg [P of pentobarbltal or 142 mg/kg IP barbital 
Chronic ethanol (&) versus eqmcalonc sucrose (A) Results shown 
are means±S E M with n=8-10 animals per group 
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FIG 3 The concentration of ethanol, pentobarbltal or barbital ~n the 
blood of rats treated chronically with ethanol or sucrose by gastric 
Intubatlon Samples were taken at the end of each test session (90 
mln after IP Inject~on of 26 mg/kg pentobarbital and 120 mm after 
mjecaon of 2 6 g/kg of ethanol or 142 mg/kg of barbital) Chronic 
ethanol (&) versus eqmcalonc sucrose (A) Results shown are 
means±S E M w~th n=8-10 animals per group 

EXPERIMENT II: DOSE-RESPONSE STUDY OF 
TOLERANCE TO ETHANOL AND CROSS- 

TOLERANCE TO PENTOBARBITAL 

Two groups of rats (n=32 each) received emther ethanol or 
lsocaloric sucrose by gastric mntubation for approxmmately 26 
days. On day 18, one half of each group was randomly din- 
vided into 4 groups (n =4), each one receiving a different test 
dose of ethanol (1.9, 2.3, 2.7, 3 1 g/kg). Tolerance to the 
hypothermmc and motor-mmpamng effect of ethanol was then 
measured On the next day, the other half of each treatment 
group was smmllady tested, and the results from both days 
were pooled. The same procedure was carried out for pen- 
tobarbmtal (20, 25, 30, 35 mg/kg) on days 25 and 26 of treat- 
ment. 

Stat~st~t al Analysms 

All time-course data were subjected to analysis of vari- 
ance using the statistical package BMDP-2V. Group means 

of treated and untreated groups taken on single test days 
were compared using Student 's t-test for unpmred data. 

RESULTS 

Expertment I 

The tmme course of effect of chronic ethanol treatment on 
the hypothermic response to ethanol, pentobarbital, and 
barbital ms shown in Fig. l An analysis of variance shows 
that ethanol treatment sigmficantly attenuated the 
hypothermmc effect of ethanol, F(l,14)= 12.2, p<0.004, and 
barbital, F(1,18) = 10.0, p <0.005, mdmcatmg the development 
of tolerance to ethanol and cross-tolerance to barbital. The 
extent of tolerance and cross-tolerance was dependent on 
the duration of ethanol treatment as shown by the significant 
interaction between treatment and time, F(5,70)=4.4, 
p<0.002; F(5,90)=2.6, p<0.03, respectively. Although the 
chromc treatment group had a consistently lower mean 
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FIG 4 The effect of chromc ethanol treatment by gastric mtuba- 
t~on, on the duration of sleep ~nduced by ethanol, pentobarb~tal or 
barbttal Three groups of rats were tested w~th IP Inject|ons ofe~ther 
3 5 g/kg of ethanol or 40 mg/kg of pentobarb~tal on day 63 of treat- 
ment, or 200 mg/kg of barbital on day 74 Chrome ethanol (~) versus 
eqmcalonc sucrose (~1) Results shown are means±S E M w~th 
n=9-14 animals per group 
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FIG 5 The concentration of ethanol, pentobarbltal or barbnal at 
awakening m the blood of rats treated chromcally w~th ethanol or 
sucrose by gastric mtubat~on for 60-70 days The doses administered 
were 3 5 g/kg IP of ethanol, 40 mg/kg IP of pentobarb~tal and 200 
mg/kg IP of barbital Chrome ethanol (striped area) versus 
eqmcalonc sucrose (1~) Results shown are means_+.S E M with 
n= 10--14 ammals per group 

hypothermlc  response to pentobarbl tal  than d~d the control  
group,  analys~s of  var iance  showed no significant d~fference 
be tween  them, F( l ,18)=2  3, p > 0  2 Th~s indicates that 
ch rome  ethanol  t reatment  failed to produce any significant 
c ross- to lerance  to the hypotherm~c effect of  pentobarb~tal 

The  effect of  chronic  ethanol  t reatment  on ethanol- ,  
pentobarbltal- ,  and barbital- induced motor  impairment  is 
shown ~n F~g 2 Ethanol  t rea tment  slgmficantly decreased 
the motor  ~mpatrment ~nduced by ethanol.  F(1,15)=68 5. 
p < 0  001, and barbital,  F(I ,  18)= 12 0 ,p<0 .003 ,  indicating the 
deve lopment  o f  tolerance to ethanol  and cross- to lerance  to 
barbnal  The degree o f  tolerance or  cross- to lerance  was de- 
pendent  on the durat ion of  ethanol  t reatment  since a s~gmfi- 
cant interact ion be tween  t rea tment  and t ime was observed  
for both drugs,  F(5,75)=3 6, p < 0  006, F(5,90)=2 4, p < 0  05, 
respect ively .  In contrast  to pentobarbl ta l - lnduced 
hypotherm~a, chromc ethanol  t rea tment  produced a margin- 
ally s~gmficant decrease  ~n pentobarb~tal-lnduced ataxla,  
F I1 ,17 )=50 .  p < 0 0 4 ,  indicating the acquisi t ion o f  cross- 
tolerance to pentobarbl tal  Howeve r ,  there was no slgmfi- 
cant interact ion be tween  t reatment  and time, F(5,85)=0 4, 
p >0  84 

Blood ethanol levels taken at the end of  each test period are 
shown in F~g 3 Analysis  of  var iance  showed th~s difference 
be tween  the treated and control  group to be s~gnlficant, 
F (1 ,15)=167 .  p < 0 0 0 1 ,  but there was no interact ion be- 
tween time and t reatment ,  F(5.75)=0 6, p > 0  7 The blood 
barbital concen t rauons  of  the t reated ammals  were  not slg- 
mficantly d~fferent from control ,  F(1,18)=0 8, p > 0  4 There  
was no d~fference be tween  treated and control  groups w~th 
respect  to blood pentobarbl tal  levels ,  al though the means 
were consis tent ly  slightly higher m the ethanol t reatment  
group,  F(1,18)=0 8, p > 0 . 4  

The effect o f  chronic  ethanol t reatment  on the durat ion of  
sleep Induced by ethanol ,  barbital and pentobarb~tal ~s 
shown in Fig 4 Ethanol  t rea tment  significantly reduced the 
durat ion of  ethanol-  and barbl taMnduced sleep (p<0  001 and 
p < 0  01 respect ively) ,  but not of  pentobarb~tal-lnduced sleep 
This ~s Indicative o f  the deve lopment  o f  tolerance to ethanol 

and cross- to lerance  to barbital but not to pentobarbl tal  Drug 
concent ra t ions  m blood taken at the t~me of  awakening are 
shown in Fig 5 Ethanol and pentobarbl tal  blood levels were 
not s~gmficantly different m the treated group compared  with 
control  A marginally higher blood barbital level ,  however ,  
was observed  in the t reatment  group (p<0  05) 

Experunen! il 

The effect of  chrome ethanol t reatment  on the hypother-  
mlc and mo to rqmpa lnng  effects o f  various doses  of  ethanol 
and pentobarbl tal  is shown m Figs 6 and 7, respec twely  
Ethanol- t reated ammals  showed slgmficantly diminished 
hypothermlc  and atax~c responses  to ethanol  compared  to 
controls  ove r  the given dose range, F(I ,53)= 35 5, p <0  0001 
for hypothermla .  F(I ,55)= 15 1. p < 0  0003 for motor  ~mpmr- 
ment Th~s tnd~cates the deve lopment  o f  tolerance to these 
effects of  ethanol.  Th~s t reatment ,  however ,  d~d not confer  
cross- to lerance  to pentobarbl tal  as there were no significant 
differences in the degree of  hypotherm~a or atax~a produced 
by various doses  of  pentobarbl tal  be tween the ethanol-  or  
sucrose- t reated groups,  F(1,55)= I 0, p > 0  34 for hypother-  
mla, F(1,55)= 1 4, p > 0  26 for motor  impmrment  

DISCUSSION 

The results ofth~s study indicate that a chronic regimen of 
ethanol  which conferred clear-cut  tolerance to ethanol- 
induced hypotherm~a, atax~a and hypnosis produced only a 
mlmmal  degree of  cross- to lerance  to these effects of  pen- 
tobarb~tal The lack of  appreciable  cross- to lerance to 
pentobarbl ta l -mduced hypothermla  and ataxla was observed  
ove r  a w,de range o f  les t  doses  It is wor thy of  note. how- 
ever ,  that although a statistically s~gnlficant level of  cross- 
tolerance to pentobarbltal  was not always detected,  the 
trend towards cross- to lerance was present  In every  case.  
especial ly if one takes ~nto considerat ion the fact that pen- 
tobarb~tal concentra t ion  in the ethanol treated group was 
somewhat  h~gher than in the control  group In any event ,  the 
fact remains that the extent  of  cross- to lerance to pentobarbl-  
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FIG 6 The hypotherm~c response to various doses of ethanol and 
pentobarb~tal =n rats chromcally =ntubated w=th ethanol Ethanol 
testing was done on day 18 and pentobarb~tal testing on day 25 
Chrome ethanol (&) versus eqmcalonc sucrose (A) Results shown 
are means±S E M w~th n=8 ammals per group at each dose 
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Fig. 7 The degree of motor ~mpa~rment following administration of 
various doses of ethanol and pentobarb=tal m rats recewmg ethanol 
mtubatmn chromcally Ethanol testing was done on day 18 and pen- 
tobarb~tal testing on day 25 of treatment Chrome ethanol (&) versus 
eqmcalonc sucrose (A) Results shown are means±S E M w=th 
n =8 ammals per group at each dose 

tal was smaller than that of tolerance to ethanol ~tself after a 
s~mdar regtmen of chrome ethanol treatment 

The blood ethanol concentration of the ethanol-treated 
group measured 120 min after the test mject~on was consis- 
tently lower than m the control over  the course of  the study. 
Whde th~s is consistent w~th reports of a metabohc compo- 
nent m ethanol tolerance, ~t ~s unhkely that metabohc 
changes contributed s~gmficantly to the observed tolerance 
to ethanol-reduced hypotherm~a and ataxla Th~s is because 
the blood ethanol levels in ethanol-treated ammals and con- 
trols are not s~gmficantly d~fferent at 60 mm0 the t~me of peak 
hypotherm~a and ataxtc effect It was also noted that 
ethanol-treated ammals d~d not recover more rapidly from 
the hypotherm~c and atax~c effects of ethanol on successtve 
test days Th~s suggests that metabohc changes probably d~d 
not play a s~gnificant role in the development of tolerance to 
these effects of ethanol. Functional tolerance to ethanol- 
reduced hypothermia has also been shown clearly following 
lntracerebroventncular ~nject~on of small doses of ethanol 
[20] 

The observed tolerance to ethanol-mduced hypnosts may 
be metabohc to some extent since there was no dtfference m 
blood ethanol concentration between treated and control 
groups at awakening. However,  a failure to observe th~s 
d~fference ~s not concluswe evtdence that functional 
tolerance does not exist. Fwst, the |ncreased rate of  metabo- 
hsm (approxtmately 21%) due to chronic ethanol treatment 
(data from another study done ~n th~s laboratory for a d~ffer- 
ent purpose) cannot account entwely for the 90 rain differ- 
ence m the duratton of  ethanol-reduced sleep. Secondly, 
functional tolerance can occur ~f the ethanol-treated ammals 
awakened during the nsmg port~on of  the blood ethanol 
curve whde the control ammals woke at a s~milar concentra- 
tion dunng the descending portton. In the case of 
pentobarb~tal-mduced hypnos~s followtng chrome ethanol 
treatment, however,  this explanation cannot apply because 
the treated and control groups showed the same blood pen- 
tobarbttal concentration on awakening at the same time 

In contrast to the mmtmal cross-tolerance to pentobarb~- 
tal, cross-tolerance to barbital was observed after chrome 
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mtubat~on wt th  e thanol  S ince  m e t a b o h s m  of  barbi ta l  ~s neg- 
hglble,  and  c h a n g e s  ~n tts d~stnbut~on and  ehm~nat~on do not 
play a s tgmficant  role ~n to l e rance  d e v e l o p m e n t ,  c ross-  
t o l e rance  to the h y p o t h e r m t c ,  a taxtc  and hypno t i c  effects  
mus t  be due  to a dec rea se  m C N S sens~t~vtty 

The  margmal  ex ten t  of  c ro s s - to l e r ance  to pentobarb~tal  
and  the d~fferences ~n the ex ten t  o f  c ros s - to l e r ance  to pen-  
tobarb t ta l  and  barbi ta l  fol lowing ch ron ic  e thanol  mtubat~on 
are cons t s ten t  w~th the hypothes~s that  there  ~s some type of  
specif ici ty  tn the  s~te and /o r  m e c h a m s m  of  CN S  ac t ion  of  
seda t~ve-hypnot tc  drugs,  even  though  they are  thought  to 
exer t  the i r  ef fects  t h rough  non-spec i f ic  ac t tons  on cell mem-  
b r a n e s  In suppor t  o f  th~s v tew ~s the  obs e r va t i on  that  some  
a m m a l  s t ra tns  which  have  been  se lec t ively  bred  for lower  
sens i t iv i ty  to the  h y p n o h c  and m o t o r - t m p a t n n g  effects  of  
e thanol  or  d~ffer ~nherently m the i r  sens~hv~ty to e thanol  are 
not  a lways  less s e n s m v e  to o the r  d e p r e s s a n t s  [3, 11-13. 15, 
16.21] In e a r h e r  work w~th the gu inea  p~g deum longi tudinal  
m u s c l e / m y e n t e n c  p lexus  ( L M/ MP)  p r e p a r a h o n ,  M a y e r  et a /  
[171 also s h o w e d  that  e thano l  ac ts  at a d i f ferent  s~te than  
p e n t o b a r b t t a l  and  barbi ta l  O t h e r  ~n v~vo s tudtes  on long- 
s leep (LS)  and  shor t - s l eep  (SS) mtce have  d e m o n s t r a t e d  that  
LS m~ce are more  s e n s m v e  to e thano l  but  less s e n s m v e  to 
pen toba rb t t a l  than are  SS rmce [3, 13.21]  The  large v a n a -  
t ton ~n hptd solubd~ty of  e thano l  and  ba rb i tu ra te s  may ac- 
coun t  for  the o b s e r v e d  d , f fe rences  Th~s poss~bd~ty ~s sup- 
por t ed  by the  work  of  H o w e r t o n  et al [7]. who  s h o w e d  that  
m~ce o f  the  SS hne  were  more  r e s p o n s i v e  to the hp~d-soluble 
d e p r e s s a n t s  than  were  LS m~ce. whtle  LS m~ce were  more  
r e spons tve  to wate r - so lub le  d e p r e s s a n t s  Inc reas ing  the hp~d 
so lub ih ty  o f  a lcohols  d e c r e a s e d  the  d~fferences b e t w e e n  

mur~ne hnes .  w~th respect  to hypotherm~c and hypno t i c  re- 
sponses  181 

The  d c m o n s t r a t t o n  of  c ros s - to l e r ance  to barbi ta l  and  the  
lack of  ~t be tween  e thano l  and  pentobarb~tal  may be ac- 
coun t ed  for m a s tmdar  way It ~s not inconce ivab le  that  
a m o n g  drugs  which  act on  m e m b r a n e s  m genera l ,  th~s spect-  
fic~ty could tnvolve  se lec t ive  ac t ions  on cer ta in  par t s  of  the 
hptd b d a y e r  depend ing ,  for  example ,  on  the Itp~d wa te r  par- 
t~t~on coeff ic ient  o f  the drug P re sumab ly ,  ~f the hp~d solubd-  
~ty o f  a d rug  de t e rmines  ,ts s~te or  m e c h a m s m  of  ac t ion ,  and 
~f an hypothes~s o f  to l e rance  based  on the s~te of  ac t ion  ~s 
vahd .  c ros s - to l e r ance  could  o c c u r  be tween  those  drugs  
which  have  s~mdar hp~d solubd~t~es It would be wor thwh, l e  
to test  this  hypothes~s by examin ing  c ross - to l e rance  be tween  
e thanol  and  d~ffcrent seda t ,ve /hypnot~cs  d tsplaytng a w~dc 
range  o f  hp~d solubdit~es 

It would also be useful to c o m p a r e  c ross - to l e rance  m bo th  
d~rect~ons (~ e ,  c ros s - to l e r ance  to ba rb i tu ra t e s  fol lowing 
c h r o m e  e thano l  t r e a tmen t  and  c ros s - to l e r ance  to e thanol  
a f te r  ch ron ,c  ba rb t tu r a t c  t r ea tmen t ) ,  using behav iora l  and 
non -behav io r a l  pa rad igms  These  s tudies  may  help us to 
u n d e r s t a n d  the bas~s for  the different  ex ten t  of  cross-  
to le rance  when  s~tes of  ac t ion  of  two drugs  over lap ,  as well 
as the role of  behav iora l  fac tors  ~n the ex ten t  of  cross-  
t o l e rance  
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