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JORGENSEN, H A , O B FASMER AND K HOLE Learned andpharmatologtcally-mduced tolerance to ethanol and 
~ ross-mleran~ e to morphine trod clomdme. PHARMACOL BIOCHEM BEHAV 2~4) 1083-1088, 1986 ---The development 
of tolerance to the inhibitory effect of ethanol on the tall-flick reflex was studied m the spinal rat Th~s preparatmn was used 
m order to avoid uncontrolled learning effects Tolerance due to intoxicated pracuce (learned tolerance) and tolerance due 
to mere ethanol exposure (pharmacologically-reduced tolerance) were studied m separate experiments It was found that 
learned tolerance to ethanol also caused tolerance to morphine and clomdme, whereas pharmacologically-reduced 
tolerance did not have the same effect The results challenge the concept of "behaviorally augmented tolerance" and 
suggest that learned and pharmacologically-reduced tolerance revolve different basal mechamsms in the CNS 

Ethanol Morphine Clomdme Tolerance Cross-tolerance Learned Spinal reflex 
Tad-flick Spinal rats 

TOLERANCE to the CNS effect of ethanol ~s mainly due to 
a reduced sensttlwty to a given tissue concentration of the 
drug (functional tolerance) The factors of ~mportance for 
development of th~s tolerance have been d~scussed in several 
studies. Some results [2] suggested that practice during ~n- 
tOXlCat~on (learning) was necessary for development of 
tolerance to the effect of ethanol on maze performance. 
More extensive studies 111, 14, 16] using maze and moving 
belt (treadmdl) performance indicated, however, that the 
difference between tolerance development mammals  g~ven 
the opportumty to practice during intoxication and those ex- 
posed merely to the drug, was only one of rate. Furthermore, 
it was suggested that learned tolerance was not task-specific 
[ 15]. Tolerance acqmred by ~ntox~cated practice on the mov- 
ing belt would also result tn improved maze-performance 
dunng intoxication To emphasize that the acquisition rate 
was the only d~fference between more convenuonal 
pharmacolog~cally-~nduced tolerance and learned tolerance, 
the latter was termed behaworally augmented tolerance 
(BAT). In studies using morphine, a model of tolerance 
based on the pnnc~ples of Pavlov~an cond~t~omng has been 
proposed [19,20]. Environmental cues repeatedly associated 
with the drug administration will eventually trigger mech- 
amsms that counteract the drug effect and as a consequence, 
cue-dependent tolerance develops. These pnnc~ples have 
been cla~med also to be important m the development of 
tolerance to ethanol [!, 3, 6. 13, 17, 181. 

The studies that provided support for the concept of BAT 
[14,16] have recently been rephcated w~th addition of con- 
trols which were not included m the original experiments 

[24,25]. The results challenged the hypothesis that mere ex- 
posure to ethanol was sufficient to reduce tolerance and 
suggested that tolerance ~s learned as a result of practice 
dunng intoxication. In our previous studies we have investi- 
gated the development of tolerance to ethanol-reduced inhi- 
bition of the tad-fl~ck reflex in ~ntact and spinal rats [7,9] 
The reason for studying the effect of ethanol on the tall-flick 
reflex m spinal animals is that this preparation allows 
measuring the effect of a drug and the development of 
tolerance to ~t m a restricted part of the CNS. Based on an 
observation period of 9 days our experiments showed that 
tolerance developed only when the animals were tested re- 
petitively under the influence of ethanol. Furthermore, the 
results indicated that Pavlovtan conditioning was not likely 
to be revolved. 

In the present experiments we have stud~ed how the re- 
sults obtained with the tad-flick model are influenced by pro- 
Iongat~on of the tolerance acqms~t~on period and by ~ncreas- 
mg the dose of ethanol g~ven m th~s period Cross-tolerance 
to morphine and ciomdme was also studied. Spinally tran- 
sected rats were used 

METHOD 

Ammals  

Sprague-Dawley rats (M¢llegaard, Denmark) weighing 
200-300 g at the beginning of the experiment were used. The 
rats were housed In pairs w~th free access to water The food 
was hmited to 15 g of pellets per ammal per day m order to 
reduce weight gain The hght-phase lasted from 8:00 to 20:00 

1Requests for repnnts should be addressed to Hugo A Jorgensen, MD, Department of Physiology, Arstadvelen 19, N-5000 Bergen, 
Norway 
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FIG I Experiment 1 Tatl-fl~ck latency m spinal rats, means_+SE F~ve groups 
(n= 11-15) lmtlally, the groups were tested 30 mm after rejections IP of ethanol 2 5 
g/kg (I-IV) or sahne (V) After treatment with ethanol followed by testing (1), ethanol 
after testing (II-III-IV) or sahne followed by testing (V) for a vaned length of t~me, as 
indicated below the columns, the groups were again tested after ~nject~ons of ethanol 
(I-IV) or saline (V) These latencles were calculated as means of measurements on 
two consecutive days 

hours. Ambient temperature was 22-23°C. All the experi- 
ments took place in the colony room between 12"00 and 
15:00 hours 

Surgery and Drugs 

The rats were anestheuzed w~th a combination of pen- 
tobarbttal (40 mg/kg) and chloral hydrate (180 mg/kg) IP The 
spinal cord was transected at the level of THg-,0 as prew- 
ously described [8]. Pen~cdiin with protracted effect (Ditar- 
dopen, 250,000 IU) was given SC prior to surgery and on the 
second and the fourth postoperative day. The experiments 
started 2 weeks after surgery 

During the experiments the rats were treated with ethanol 
2 5 or 5 g/kg IP (21 or 42 ml/kg of a 15% (v/v) ethanolhsotomc 
sahne solution). Controls received lsotomc sahne (21 ml/kg) 
In the cross-tolerance studies morphine hydrochionde 10 
mg/kg and clomd~ne hydrochlonde 0 4 mg/kg were also 
given These drugs were dissolved in isotonic sahne and in- 
jected ~n a volume of 2 ml]kg SC 

Test Procedure 

The sensit~v~ty of the spinal tml-fl~ck reflex was measured 
with the tall-fl~ck test [4] using an IITC INC. Mod 33 
Analgesia-meter The heat stimulus was apphed 1-2 cm from 
the t~p of the tad and the ~ntens~ty was adjusted to g~ve a 
reaction time of 3-4 sec ~n spinal control ammals The rats 
were adapted to the test procedure by dady testing dunng the 
2 weeks period between surgery and the start of the expert- 
ments Dunng the experiments the ammals were m their 
home cages m the period between drug adm~mstratlon and 
tad-flick testing. 

Determmauon of the blood alcohol concentration was 
performed on blood samples from the superior vena cava 
The samples were assayed enzymatlcally with test- 
combination No. 123960 from Boehnnger Mannhe~m 

Protocol 

In the first experiment we studied the influence of intoxi- 
cated practice on development of tolerance during an obser- 
vation period of 25 days The rats were randomly assigned to 
5 groups (n= 11-15/group). Four groups (I-IV) received dally 
injections of ethanol 2 5 g/kg IP One group (V) received the 
same volume of sahne. The interval between ~njectlons and 
tad-flick testing was 30 mm On day I the groups 1-IV were 
treated with ethanol before testing Group V received saline 
before testing On days 2-25 group I continued the treatment 
with ethanol before testing Group 1I was treated with 
ethanol after testing on days 2-8 On day 9 and 10 it was 
switched over to ethanol before testing Group 1II was 
treated w~th ethanol after testing on days 2-16. On day 17 
and 18 ~t was switched over to ethanol before testing Group 
1V was treated with ethanol after testlng on days 2-23 and 
was switched over to ethanol before testing on day 24 and 25 
Group V continued the treatment w~th sahne before testing 
on days 2-25 (F~g. I illustrates the design) On day 26, group 
I and V both received ethanol 2 5 g/kg and 30 mln later blood 
was sampled for blood alcohol determination 

The second experiment was performed to study the effect 
of dady exposure to mere ethanol using a dose m the 
tolerance acqms~tion period that was markedly h~gher than 
the final test dose. Nineteen rats were injected on ~tay I with 
ethanol 2.5 g/kg and the tad-flick latency tested 30 m~n later. 
Thereafter, the animals were randomized ~nto 2 groups 
which received rejections of ethanol 2.5 and 5 g/kg, respec- 
tively, on days 2-8 No testing was performed in this period 
On day 9 both groups were again tested after injections of 
ethanol 2 5 g/kg and samples for blood alcohol determination 
were collected immediately after the testing (F~g. 2 illustrates 
the design) 

In the third experiment it was investigated ~f learned 
tolerance to ethanol was transferred to morphine and 
clomdlne. The day before start of the experiment the rats 
were randomized ~nto 7 groups (n=8--14/group) which were 



TOLERANCE TO ETHANOL 1085 

v 

o 

E25 ,  Ethanol 25glkg IP  
E 5 • Ethanol 5 g / k g  IP 

(19) 

T ~ . m ~ n t  
on days 2 - 8  

(9) 

E~5 E~, 

FIG 2 Experiment 2 Tafl-fl~ck latency ~n spmal rats, means±SE 
Nineteen rats On day I, all ammals were tested 30 mm after tnjec- 
uon IP of ethanol 2 5 g/kg Hereafter, the rats were randomtzed rata 
two groups On days 2-8, these groups were daffy rejected w~th 
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after ethanol 2 5 g/kg 
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FIG 3 Experiment 3 Tad-fl~ck latency in spinal rats, means-+SE 
Seven groups (n=8-14) On the first 7 days, the groups were daffy 
treated wroth mject~ons IP of ethanol 2 5 g/kg followed by testing, 
ethanol after testing or saline followed by testing (as md~cated below 
the columns) On day 8, morphine l0 mg/kg or clomdme 0 4 mg/kg 
was rejected IP m groups representing the three different categories 
of treatment Sahne was m.lected m a group treated w~th sahne fol- 
lowed by testing The interval between mjecttons and test was 45 
mm 

tested 30 mtn after tnjecttons of ethanol 2.5 g/kg, to make 
sure that the groups m~ttally reacted w~th the same sensttw- 
lty to ethanol. Then the groups were assigned to 3 different 
condittons of treatment. On days 1-7, 2 groups recetved 
dady |njecttons of ethanol (2 5 g/kg) 30 mtn before testing, 2 
groups recetved the same dose of ethanol 30 mm after testmg 
and 3 groups recetved sahne 30 mtn before testing On day 8 
tnject|ons of morphme (10 mg/kg) or clomdme (0 4 mg/kg) 
were g~ven Each drug was g~ven to 3 groups representing 
the dtfferent treatment condttions The remammg group pre- 
treated wtth sahne before test received saline injections (Ftg. 
3 dlustrates the destgn). The mterval between these tnjec- 
ttons and tafl-fltck testing was 45 mtn. 

The fourth experiment was done in order to study tf 
pharmacologtcally-tnduced tolerance to ethanol was trans- 
ferred to morphtne and clomd~ne. The day before start of the 
experiment the rats were randomtzed mto 6 groups (n=9-  
12/group) whtch were tested 30 mm after mjecttons of 
ethanol 2.5 g/kg Then the groups were asstgned to 3 differ- 
ent condtt~ons of treatment On days 1-7, 2 groups received 
dady ~njecttons of ethanol 2.5 g/kg, 2 groups recetved ethanol 
5 g/kg and 2 groups recetved sahne. On day 8 mjecttons of 
morphme or clomdme were gtven 45 m~n before tad-fltck test- 
mg Each drug was gtven to 3 groups representmg the differ- 
ent treatment condtttons (Ftg 4 dlustrates the design) 

All the experiments were conducted w~thout knowledge 
of group destgnatton. 

For the stattsttcal analysts one-factor ANOVA was used 
tn experiments 1 and 2 Dunnett 's  test was used tn expera- 
ments 3 and 4 The level of stgnlficance was set at 5%. 

RESULTS 

Ftgure I shows the results from the first experiment On 
the first day of the experiment there was no stgndicant 
difference between the ethanol groups (I-IV), and all these 
groups had prolonged taal-fltck latenctes compared to the 
saline group (V). After treatment on days 2-8 of the groups I 

and II wtth ethanol before test (E+T) and ethanol after test 
(T+ E), respecttvely, the two groups responded dtfferently to 
the test dose of ethanol Group I showed signtficantly shorter 
tad-fltck latenoes both compared to group II, F(1,23)= 5.51, 
p < 0 0 3 ,  and compared to its own level on day 1, 
F(1,12)=6.42, p<0.03, the latenctes of group II (T+E) did 
not dtffer stgnificantly from the latenc~es on day 1. Stmdar 
results were obtatned after treatment on days 2-16 of group I 
(E+T) and Group III (T+E). Even when the treatment con- 
t~nued until day 24 for group I (E+T) and group IV (T+E) 
the two groups responded markedly different to the test dose 
of ethanol, F(1,26)=9 52, p<0.005 In the groups treated 
w~th ethanol after test, the tad-flick latenctes tended to de- 
crease wtth tncreased treatment period. Thts tendency, how- 
ever, was not stattst~cally stgnfficant. Group V (S+T) had 
stgmficantly longer tad-flick latenctes on the first day of the 
experiment compared to later test results. To tmprove the 
rehabdtty, the tad-fltck latenctes regtstered were calculated 
as means of the measurements on two consecutwe days fol- 
lowing the pretest treatment period The blood alcohol con- 
centratton measured 30 mln after tnjectton of ethanol 2.5 g/kg 
on day 26 was the same (2.5-+0.1 mglml, mean+_SE) in group 
I (E+T for 25 days) and group V (S+T for 25 days). 

Ftgure 2 shows the results from the second experiment. 
The group that recetved ethanol 5 g/kg w~thout testmg tn the 
tolerance acqmstt~on period (days 2-8) developed tolerance, 
showmg stgndicant shorter tad-fltck latenctes on day 9 both 
in comparison wtth ~ts own level on day I, F(1,9)=16.45, 
p<0.003, and tn comparison wtth the group that received 
ethanol 2 5 g/kg ~n the same pertod, F(1,17)=7.98, p=0.01. 
The latter showed no reductton of the tail-fltck latenctes on 
day 9. The levels of blood alcohol tn the samples taken tm- 
medtately after tesUng on day 9 were not s|gntficantly dtffer- 
ent tn the two groups (I.8-+0.1 mg/ml and 1.9-+0.1 mg/ml). 

F~gure 3 summarizes the results of the third experiment. 
Both morphine 10 mg/kg and clomdlne 0 4 mg/kg caused an 
increase of the tad-fl~ck latenc~es. The magnitude of the m- 
crease was dependent on the kind of pretreatment the 
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FIG 4 Experiment 4 Tall-flick latency in spinal rats, means_+SE 
Six groups (9-12) On the first 7 days, the groups were daffy treated 
with ethanol 2 5 g/kg, ethanol 5 g/kg or sahne (as indicated below the 
columns) On day 8, morphine 10 mg/kg or clomd~ne 0 4 mg/kg was 
injected IP m groups representing the three d~fferent categories of 
treatment The interval between in.lect~ons and test was 45 mm 

animals had been exposed to. The groups pretreated on days 
I-7 with ethanol 2.5 g/kg before testing were slgmficantly 
less sensitive to both morphine and clomdme than the groups 
pretreated with saline before testing, t.97~(3 36)=2 32, 
Cdlff=l  39 and t097s(3 24)=2 35, Cdlff=l  33; Dunnett 's  
test) Compared to the saline groups, the groups pretreated 
with ethanol after testing also tended to show a reduced 
sensitivtty to both morphine and clonldme The tendency, 
however,  was not significant 

Figure 4 shows the results of the fourth exper |ment The 
groups pretreated with saline appeared to be the most sensi- 
tive to both morphine and clomdme. The groups pretreated 
with ethanol 2 5 g/kg and 5 g/kg showed a tendency to re- 
duced sensitivity both to morphine and clonldlne This tend- 
ency was not statistically significant and did not reflect the 
differences in the pretreatment doses of ethanol 

On the day before start of both experiments 3 and 4, the 
groups had their tad-flick la tenoes tested 30 mm after injec- 
tions of  ethanol 2.5 g/kg No statistically significant differ- 
ences were observed between the groups m either experi- 
ment 

DISCUSSION 

The results in this study indicate that the factors of impor- 
tance for development of  tolerance to ethanol may depend 
on the experimental design When the animals in the first 
experiment, dunng a period of  25 days, received daily treat- 
ment with a fixed moderate dose of ethanol, repeated testing 
during intoxication seems to be the necessary factor for 
tolerance development The ammals which received the 
same amount of  ethanol without being tested under influence 
of ethanol developed only a slight, insignificant decrease in 
their sensitivity to ethanol. In this experiment the sahne in- 
jected controls (group V) showed significantly different test 

results in the later part of  the experiment when compared to 
the first day This has not previously been observed in simi- 
lar experiments There is, however, no reason to believe that 
this difference will affect the conclusions drawn from the 
experiment In experiment 2, pharmacologically-induced 
tolerance developed dumng a 7 day period wJthou! any lest- 
ing, ~f the daffy treatment consisted of an ethanol dose mark- 
edly h~gher than the final test dose In this case the size of the 
dose given tn the tolerance acqutsltlOn period was the deci- 
sive factor The measurements of blood alcohol concentra- 
tion performed after termination of the experiments showed 
that d~fferences ,n the exposure to ethanol during the 
tolerance acqms~tlon periods did not cause differences in the 
level of  blood alcohol 30 mln after injection of the test doses 
of ethanol This indicates that the tolerance measured was 
functional 

Morphine and clomdlne, stlmulaung opiate receptors and 
alpha adrenoceptors respect,vely, caused a pronounced pro- 
Iongatlon of the tad-flick latencles m control groups In ex- 
periment 3, daily testing during ethanol intoxication for a 7 
day tolerance acquisition period significantly attenuated the 
response both to morphine and clomdlne Pretreatment with 
ethanol after testing or ethanol only (even ,n double doses, 
experiment 4) did not have the same effect, although a tend- 
ency was observed The results m the present cross- 
tolerance experiments should be interpreted with caution 
due to the variance in the data However, both the morphine 
and the clomdme data po.nt in the same direction and the 
results support the idea that cross-tolerance may occur if the 
drugs involved cause the same functional disturbances 
[10,12] 

Nearly a decade ago, a series of experiments [11, 14, 16] 
were performed to study if learning, due to practice during 
intoxication, was as important for development of tolerance 
to ethanol as earlier suggested [2] It was found that devel- 
opment of tolerance to ethanol-induced impairment of maze 
and moving belt performance developed in full within 12 
days in animals that daily performed the tasks while intoxi- 
cated, and within 20-24 days in animals which received the 
ethanol after practicing the tasks (to follow the time course 
of  tolerance development the performance during intoxica- 
tion was observed in all ammals every fourth day) To em- 
phasize that the exposure to mere ethanol was sufficient for 
development of tolerance and that practice during intoxica- 
tion only accelerated the acquisition of tolerance and did not 
influence the final level, the phenomenon was designated 
"behavioral  augmentation of tolerance" (BAT) I11,14] It 
was also found that tolerance acquired by intoxicated prac- 
tice on the moving belt was not task-specific, but ~mproved 
maze performance during intoxication as well [15] These 
findings further supported the hypothesis that BAT and more 
convenuonal pharmacologically-reduced tolerance were 
based on the same underlying processes and indistinguish- 
able from each other The fact that the group of animals that 
was supposed to be in a non-learning situation actually per- 
formed the task while intoxicated every fourth day (m con- 
nection with tolerance evaluation) was not considered to be a 
problem, since studies had shown that intoxicated practice 
every fourth day, with drug-free intervening days, did not 
cause tolerance development However,  results from an- 
other study [5] suggested that practice on the moving belt 
during intoxication every fourth day, combined with ethanol 
after practice on the intervening 3 days, might be sufficient 
for learned tolerance to develop This suggestion was con- 
firmed in recent reports [24,25] showing that daily exposure 
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to ethanol after practtce did not cause tolerance to ethanol- 
reduced impau'ment of mowng belt performance dunng a 23 
day period, whereas animals recetving ethanol before prac- 
tice every fourth day and ethanol after practtce on the inter- 
vening days reached the same level of tolerance, although 
delayed, as those recetvmg the ethanol before practice each 
day These results challenge the hypothes~s that ethanol 
alone is suffictent to reduce tolerance and stress the impor- 
tance of learmng in tolerance development. Furthermore, 
the difference m tolerance development, dependtng on 
whether the testing every fourth day was combined with 
drug-free ~ntervals or intervals with a dally dose of ethanol 
after practice [16,25], suggests the posstbdity that practice 
important for tolerance development tested on the moving 
belt most probably also takes place durmg intoxication in the 
home cage. The transferance of BAT from the moving belt to 
the maze test [15] m~ght be explained along the same line 
The lack of cross-learmng whtch was found in the non- 
intoxicated state may not exclude that functions improved 
by intoxicated practice in one test can facditate performance 
dunng intoxication in another test situation The learning 
effects can be difficult to avoid and a recent discussion 
[21,23] illustrates that it ~s still debated whether functional 
tolerance to ethanol is learned or not 

The tad-flick reflex m spinal animals has no neural con- 
tact with the supraspmal part of the CNS and it is our experi- 
ence that the reflex is elicited only by intended samulat~on. 
For drugs lnh~blting the tad-flick reflex, this model allows 
evaluation of drug effect and tolerance development in a 
restricted part of the spinal cord, not influenced by other 
parts of the CNS. Thus, the tad-flick latencles in the spinal 
ammal do not seem to be influenced by uncontrolled as- 
soc~ative learning or by other possibly confounding factors, 
such as sensitization of the skin (due to the thermal stimula- 
tion), procedural stress or changes ~n body temperature [7, 8, 
9] By means of the tad-flick test m spinal rats we have found 
that both learned and non-learned tolerance to ethanol may 
occur. In the earlier reports discussing BAT [5, 14, 15, 16, 
24, 25], the daily dose of ethanol g~ven in the tolerance ac- 
qms~tlon period usually did not exceed the final test dose. On 
th~s condition our results support the studies that challenge 
the concept of BAT [5, 24, 25] When a fixed daily dose of 
ethanol 2 5 g/kg was given during an observation period of 25 
days, learning, m the form of mtoxlcated practice, seems to 
be necessary for tolerance development Whether this is true 
for longer observation periods than 25 days, we do not know 
The interference of non-functional tolerance may be a 
problem w~th longer observation periods Many studies 
have assumed the existence of pharmacologically-induced 
tolerance The interpretation of the results has, however, 
been hampered by the posslblhty of uncontrolled learmng 
effects On the condition that the doses of ethanol given m 

the tolerance acquis~tton period are higher than the final test 
dose, our results support that tolerance can be reduced 
pharmacologically 

The learned tolerance to ethanol-induced ~mpairment of 
the tall-flick reflex, and of other test-performances, seems to 
be caused by a learning process localized to the neuronal 
ctrcmts revolved m the task. The learnmg takes place when 
the c~rcuits are repet~ttvely act:rated dunng intoxication and 
wdl eventually cause a normahzation of the impaired func- 
tion. However, tolerance has been shown also to develop 
without task-specdic sttmulatlon. An attractive poss~bthty ~s 
that ~f the exposure to ethanol m the tolerance acqmslhon 
period is strong enough (as in experiment 2), then the spon- 
taneous neural activity dunng intox~catton might provtde a 
sufficient opportunity for the learned tolerance to develop. If 
that ~s the case, learned tolerance may, under certain cir- 
cumstances, develop without any stimulus-enhanced activa- 
tion of the neuronal circuits. According to this hypothes~s 
the d~stmctton between learned and pharmacologically- 
induced behavioral tolerance to ethanol wdl become mean- 
lngless as the meaning of the word "learning" becomes 
superfluous. The hypothesis seems compatible with most re- 
sults concerning development of functional tolerance to 
ethanol. The observation that tolerance development to the 
effect of barbiturates on EEG ts more pronounced m a be- 
havioral state with high than with low neuronal actlvtty [22] 
may support the hypothesis as well. However, our own ex- 
periments showed that learned tolerance to ethanol caused 
tolerance also to morphine and clomdlne, whereas the same 
was not found to be true for pharmacologicallyqnduced 
tolerance to ethanol These results challenge both earlier re- 
sults [15] and the hypothes~s discussed here, suggesting that 
different kinds of neural mechanisms are involved in learned 
and pharmacologically-induced tolerance. 

In conclusion, our results suggest the existence of both 
learned and pharmacologically-induced tolerance to ethanol 
Furthermore, the results from the cross-tolerance studies 
suggest the posslbdlty that the two kinds of tolerance may 
~nvolve different kinds of basal mechantsms. These results 
are not in agreement with the concept of BAT. Further in- 
vestigations are, however, needed m order to achieve more 
pervasive hypotheses in the field Especially, the suggestion 
of different basal mechanisms in learned and non-learned 
tolerance needs to be confirmed using different methods. 
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