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BLANCQUAERT, J -P ,  R A LEFEBVRE AND J L W1LLEMS Anttaver~tve propernes ofop lo lds  in the condmoned 
taste averston test tn the rat PHARMACOL BIOCHEM BEHAV 27(3) 437-441, 1987 - -The  antlaverslve effect of/z-, 
K- and 8-opmld receptor agomsts against condltmned taste aversmn (CTA) induced by apomorphme, hthmm chloride and 
copper sulphate in the rat was studied, in order to evaluate whether preventmn of CTA Is a suitable model for the study of 
ant~emet~cs Anti-aversion was not a general characteristic of all opined substances tested Only one dose of the/z-agomst 
morphine and only one dose of the K-agonlst ethylketocyclazocme had a consistent antlaverslve effect against CTA 
mduced by apomorphme, one dose of the 8-agomst [D-AIa 2, Met~]enkephahnamide antagomzed the aversmn mduced by 
hthlum chloride As the results do not correspond to our prewous findings on the antlemeUc effects of these oplolds m the 
dog (all/z- and K-agomsts tested hawng an anUemetlc effect), we conclude that the CTA test cannot be used as a screening 
test for potentially ant~emetlc drugs 

CTA Apomorphme LICI CuSO4 /x-Agonlsts r-Agomsts 8-Agomsts 
Avers~ve and antlaverslve effects Antlemetlc effect 

IN the cat [12] as well  as m the dog [28], some opaold agents 
have a dual effect  with regard to emesas, inducing and pre- 
vent ing emesls  We previous ly  repor ted  that  m the dog, the 
antIemetlc  effect  o f  opioids is medmted  by /~- and/or  
r - r ecep to r s  and their  emet ic  effect  by 8-receptors  [6] 

Condi t ioned taste aversaon (CTA) in the rat, an animal 
that  cannot  vomat [15], is cons idered as one of  the non- 
emesas behaviora l  assays that can be used for the study of  
emesis  and ant lemet lcs  [20] In the C T A  test ,  an uncon-  
dit ioned stimulus (UCS) ,  e g ,  an emeUc drug, as paired wath 
a condi t toned st imulus (CS), most  f requent ly  a sacchar ine or  
sucrose  solution The noxious  or  nauseous  effect  of  the U C S  
as then associa ted  with the CS, result ing m an avers ion  for 
the CS Some substances  adminis tered m be tween  the pre- 
sentat ion of  the CS and the adminis t ra t ion of  the U C S  pre- 
vent  the avers lve  ac tmn of  the U C S  they  are antmvers lve  
An antmvers~ve ac tmn in the C T A  test  maght be an indication 
for an ant lemet ic  ac tmn m the emesm test  

In o rder  to eva lua te  this C T A  test  as a screening test  for 
potentmlly ant lemet lc  drugs,  we tes ted opioid  compounds  
with a known anaemet Ic  and/or  emet ic  effect  in the dog [6] 
for their  an t iavers ive  effect  m the C T A  test  in the rat Based 
on the lack o f  similarity be tween  the ant lemeUc and 
ant iavers lve  effect  o f  the opio~ds, we re ject  the CTA test  for 
this purpose  Prehnunary  results o f  these  exper iments  have  
been  presented  [4,5] 

METHOD 

Rats 

Adul t  rats der ived f rom a Wlstar  strmn of  the breeding 
centre  of  the Univers i ty  o f  L e u v e n  (Belgium) and raased m 
our  laboratory  were  used They were  maintained at about  
22°C on a 12 12 hr  hght/dark cycle (light f rom 6 a m ) The 
weaght of  the rats used throughout  the study v a n e d  f rom 100 
g to 460 g, however ,  the weight  range of  the rats wathm each 
exper imenta l  group of  6 rats (females or  males) was much 
smaller  (mean_60  g) Each exper imenta l  group was used 
only once  

Expertmental Procedure 

The procedure  f o l l o w e d - - a  repeut lve  assocaation of  
C S - U C S - - w a s  based on that used by Cawme and Leach  [7] 
The  rats were  housed singly and trained dunng  7 days to 
d n n k  water  during 30 mln per  day only They were  at ran- 
dom assigned to an exper imenta l  group and remained in thear 
original cage during the course  of  the exper iment  F rom day 
7 on the rats were  al lowed to drink wa te r  dunng  30 mln in the 
early hght phase  (from 9 to 9 30 or  f rom 9 30 to 10 a .m ) 
F r o m  day 8 on the water  consumpt ion  was recorded  daffy by 
weighing the bot t les  (_+ 1 g) When  rats failed to d n n k  more  
than 5 g/day durmg two consecut ive  days,  they were  dis- 

1Requests for repnnts should be addressed to R A Lefebvre 
2Research Assocmte of the NaUonal Fund for Scientific Research (Belgmm) 
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T A B L E  l 

INFLUENCE OF THE p,-AGONISTS ON THE AVERSIVE EFFECT OF 
APO, LICI, AND C u S O  4 

Against Against Against 
/z-AgonIsts APO LICI CuSO4 
(mg/kg (30 mg/kg (70 mg/kg (t00 mg/kg 
IP) IP) IP) IG) 

Morphine 
1 + 16 3 + 0  8 + 13 3 

3 +50 3"/+15 7* -10  7 - 4  6 
l0 +6 4 - 16 0 ~7 4 
30 +4 7 -27  6 +15 3 

Fentanyl 
0003 +3 1 +16 1 +80  
0 01 +7 1 -1  9 +30 7*/-23 9 (5) 
003 +2 1 - 2 3  +197 
0 1 +17 6 +6 0 - 5  4 

Methadone 
1 - 0  3 + 18 6 +25  9 

3 +27 8*/-2 6 -12  4 -27  8 

For each combination of an oplold with an UCS (APO, L1C1 or 
CuSO4), the mean difference in sucrose intake (%) on the test day is 
given in comparison with the corresponding aversive control group 
The number of rats per group was six except if otherwise indicated 
in parentheses Two figures indicate that this dose was tested agmn 
in another series 

*p<0 05, significant difference in comparison with the aversive 
control group 

SUCROSE INTAKE 

2O 

- 30 

APO NAC MOR NAL NAL MOR 
4. ÷ 

(AC) APO MOR 
÷ 

APO 

FIG 1 Antlaversive effect of morphine (3 mg/kg, MOR) against the 
aversion induced by apomorphme (30 mg/kg, APO) and the influ- 
ence thereupon of naloxone (1 mg/kg, NAL) Differences m sucrose 
intake (%, mean-+S D ) on the test day are given in comparison 
with the intake of the aversive control (AC) group (*p <0 05, signifi- 
cant difference) Naloxone and morphine, administered alone, had 
no effect on their own as the sucrose intake was similar to that in the 
non-aversive control (NAC) group receiving saline 

carded On days 11, 14, 18 (conditioning days) and 21 (test 
day) the water  was replaced by a 10% sucrose solution in 
water  

Drug Administration 

On the condit ioning days the sucrose presentat ion was 
fol lowed by drug administrat ion The uncondi t ioned stimuli 
apomorphine  (APO),  lithium chloride (LIC1) and copper  sul- 
phate (CuSO4), or  their  vehicle  (saline for APO and LICI, 
distilled water  for CuSO4) were  adminis tered 30 rain after the 
end of  the sucrose presentat ion When oploids were  given, 
they were  Injected 15 rain before  the U C S  at each condition- 
lng day To study the influence o f  na loxone  on the antlaver-  
slve effect of  the oplolds, it was injected immediately after the 
sucrose presentat ion,  15 and 30 mm before  the administra- 
t ion o f  the oploid and the U C S ,  respect ive ly  

The exper iments  were  per formed In series o f  5 to 10 ex- 
per imental  groups (n=6  rats in each group) A series also 
always contained a group only receiving the U C S  and one 
only receiving the vehicle  o f  the U C S  

Each  dose o f  an oploid and each combinat ion  opIo id-UCS 
was studied m one exper imenta l  group A dose of  an oploid,  
that  was antmvers ive  was studied again in another  experi-  
mental  group All drugs were  injected in t rapentoneal ly  (IP) 
in a vo lume of  0 1 to 0 3 mU100 g excep t  CuSO4 and its 
vehicle,  which were  given intragastracally (IG) in a vo lume of  
0 5 ml/100 g 

Averstve Effect of  the UCS APO, LtCl and CuS04 

To determine whether  or  not  the U C S  had an avers lve  
effect,  the sucrose  intake on the test  day of  the exper imenta l  

group t reated with the U C S  (aversive control ,  AC) was com- 
pared with that of  the exper imental  group treated with the 
vehicle of  the U C S  (non-avers lve  control ,  NAC)  I f  the su- 
crose intake of  the AC group was significantly (p~<0 05) 
lower  than the sucrose intake o f  the N A C  group,  an avers lve  
effect was accepted  Series where  no avers ive  effect  of  the 
U C S  was observed  were  discarded 

Anttaverstve Effect o f  the Optotds 

An oplold was considered ant lavers ive  If it p reven ted  the 
avers lve  effect  o f  the UCS,  i e , when the sucrose intake on 
the test  day of  the rats pretreated with an oplold was sigmfi- 
cantly higher than the sucrose intake of  the A C  group An 
oploid had a potentmtlng effect  when the sucrose intake on 
the test  day was significantly lower  than in the AC group It 
was accepted  that an ant lavers ive effect  of  an oplold was 
blocked by na loxone  when the sucrose intake at the test  day 
was not significantly different f rom that of  the AC group 

Drugs Used 

The following drugs were  used commerc ia l ly  avmlable 
ampoules  o f  apomorphme HCI and morphine  HCI (Sterop,  
Brussels,  Belgium or  Federa ,  Brussels ,  Belgium), fentanyl  
and d o m p e n d o n e  (Janssen Pharmaceut lca ,  Beerse ,  Bel- 
gium), methadone  (ICI,  Deste lbergen,  Belgium) and 
naloxone HC1 (Dupont  Pharmaceut icals ,  Brussels ,  Belgium) 

[D-Ala 2, MetS]enkephahnamlde (DALA)  and [LeuS]en - 
kephahn (UCB,  Brussels ,  Belgium), b remazoc lne  (cour tesy 
o f  Sandoz,  Basel,  Switzerland),  e thylke tocyclazoclne  
methanesulphonate  (courtesy o f  Ster lmg-Wmthrop,  Rens-  
selaer,  NY),  lithium chloride and copper  sulphate (Merck,  
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TABLE 2 

INFLUENCE OF THE K-AGONISTS ON THE AVERSIVE EFFECT OF 
APO, LiC1 AND CuSO~ 

Against Agmnst Agmnst 
r-Agonlsts APO LICI CuSO4 
(mg/kg (30 mg/kg (70 mg/kg (100 mg/kg 

IP) IP) IP) IG) 

Bremazoclne 
0 001 +25 2 +0 2 -8  7 
001 +237 - 6 2  +8 1 
0 1 +16 4 -29 9* +3 7 
1 - 2 8  4* (5) - 4 3  4* - 2 7  5 

EKC 
0001 +33 - 1 3 0  -198  
001 +23 1 - 9 2  +52 
0 1 +24 0*/+29 0* +1 1 -16 5 
1 +21 1 - 1 7 4  - 0 9  

Explanation as for Table 1 

TABLE 3 

INFLUENCE OF THE 8-AGONISTS ON THE AVERSIVE EFFECT OF 
APO, LICI AND CuSO4 

Against Against Against 
8-Agonlsts APO LIC1 CuSOa 
(mg/kg (30 mg/kg (70 mg/kg (100 mg/kg 

IP) IP) IP) IG) 

DALA 
0 001 +19 5 +11 2 -0  2 
001 -1 8 +1 0 +06 
0 1 +5 8 +22 9*/+52 8* -17 7 
1 - 1 3  3 +16  9 - 3 8  3* 

[LeuS]-enkephalln 
0001 +172 -11 3 - 0 9  
0 01 -2  2 +5 6 +14 6 
0 1 - 0 6  +128 +107 
1 +36  9 - 3  6 - 0  5 

Explanation as for Table 1 

Darmstadt, West-Germany) All these drugs were dissolved 
in sahne with the exception of copper sulphate which was 
dissolved in distilled water 

Analysts of Results 

The sucrose intake on the test day was expressed in % of 
the intake on the first conditioning day, the mean_+SD per 
experimental group (n=6 rats unless otherwise indicated) is 
given The two-sample rank test (Mann Whitney U-test) was 
used to compare the sucrose intake on the test day in the 
experimental groups Significance was accepted for p ~<0 05 

RESULTS 

A verstve Effect of the UCS 

APO (30 mg/kg) was used as UCS to test the antlaverslve 
effect of the oplolds The mean sucrose intake on the test day 
m 14 AC groups (treated with APO 30 mg/kg only) was 73 0% 
(minimum 28 5-+27 4%, maximum 95 1-+39 6%) Except for 
two series, which were rejected, the sucrose intake in the AC 
groups was slgmficantly lower than in the NAC groups 
treated with saline (mean sucrose retake on the test day 
115 2%, mlmmum 82 0---13 6%, maximum 132 5+_32 8%) 
LiCl (70 mg/kg), used as UCS, decreased the sucrose intake 
on the test day to 45 1% (n=7 groups, minimum 15 8-+ 12 1%, 
maximum 68 7_ + 15 2%) of the lmtlal intake In all series LiCl 
had an aversive effect (mean sucrose retake in the corre- 
sponding NAC groups 1200%, minimum 91 0-+80%, 
maximum 165 1_+30 8%) In the AC groups of 9 series, 
CuSO4 (100 mg/kg mtragastrlcally) decreased the sucrose in- 
take on the test day to 78 8% (minimum 61 7-+24 8%, 
maximum 92 0-+34 6%) of  the lnltml intake In only 2 series 
this dose had no averslve effect when comparing the sucrose 
intake with that of the corresponding NAC groups, treated 
with dlstdled water (mean sucrose intake 118 8%, mlmmum 
100 7_+4 8%, maximum 135 6_+59 4%) 

Antlaverstve Effect of  the OptoMs 

Iz-Agomsts The /x-agonlsts morphine,  fentanyl  and 
methadone were tested in different doses against the UCS 

(Table 1) Morphine (3 mg/kg) had an antlaverslve effect 
agmnst the CTA induced by APO (Fig 1), this was con- 
firmed In a second group of  6 rats The higher doses of mor- 
phine did not influence the averslve effect of  APO 

The antlaverslve effect of  morphine (3 mg/kg) was antag- 
omzed by naloxone (1 mg/kg) (Fig 1), this dose of  naloxone 
had no effect on the aversion induced by APO and did not 
induce CTA by itself Morphine had no effect on the CTA 
induced by LICI or by CuSO4 

Fentanyl (0 003 to 0 1 mg/kg) had no anaaverslve effect 
on CTA induced by APO, increasing the dose of fentanyl to 
0 3 mg/kg was lethal in 5 rats out of  6 Fentanyl had no 
influence on CTA induced by LIC1 Fentanyl (0 01 mg/kg) 
had an antlaverslve effect on CTA induced by CuSO4, this 
could however not be confirmed in another group of 5 rats 

Methadone, 3 mg/kg, had an antiaverswe effect on the 
CTA induced by APO in one experimental group, this could 
not be confirmed in a second group With higher doses of 
methadone (10 and 30 mg/kg), respectively 2 and 5 rats out of 
6 died dunng the experiment Methadone had no influence 
on the aversion induced by L1C1 

r-Agomsts The r -agonls ts  b remazoc lne  and ethyl-  
ketocyclazoclne (EKC) were tested in different doses against 
the aversion induced by the UCS (Table 2) Bremazoclne 
had no antiaverslve effect against the CTA induced by APO, 
LICI or CuSO4 The aversion induced by APO and LIC1 
however was potentiated by bremazoclne (1 mg/kg, and 0 1 
and 1 mg/kg respectively) 

EKC (0 1 mg/kg) had an antmverslve effect against CTA 
reduced by APO in a first experimental group a sucrose 
retake stdl significantly lower than m the NAC was ob- 
served, m a second experimental group this difference was 
absent This antlaverslve effect was blocked by naloxone (1 
mg/kg) (NAC 110 8_+10 1%, AC 28 5_+27 4%, naloxone + 
EKC + APO 44 2-+ 17 0%) EKC had no effect on the aver- 
slon induced by LiC1 and CuSO4 

8-Agontsts The 8-agomsts [D-Ala z, MetS]en - 
kephahnamlde (DALA) and [LeuS]enkephahn were tested m 
different doses against the aversion reduced by the UCS 
(Table 3) DALA (0 1 mg/kg) had an antlaverslve effect 
against the CTA by LiC1, this was confirmed in a second 
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experimental group In comparison with the NAC, a signifi- 
cantly lower sucrose intake was observed DALA had no 
antmvers~ve effect against the CTA by APO and CuSO4 but 
at a dose of 1 mg/kg, ~t potentiated the aversion by CuSO4 
[Leu~]enkephahn had no influence on the aversion induced 
by APO, L~CI or CuSO4 

DISCUSSION 

In this study, the CTA test m the rat was evaluated as 
possible screening test for potentmlly ant~emetlc drugs 

Al'erstve Sttmuh 

It has been shown that ant~emetic op~old compounds pre- 
vent the emetic response to different emetic stlmuh, which 
mltmte the vomiting reflex at different sites, this has been 
explained by locahzmg the antlemetlc action of the op~o~ds in 
the coordmatmg vomiting centre [12] The antlaverslve 
properties of the oploIds have therefore to be stud~ed against 
different UCS, lnitlatlng the CTA development via d~fferent 
s~tes We used apomorphme and CuSO4, which had been 
used as emetics in our experiments in the dog [6] and L~CI, 
which is frequently used m CTA studies [1, 22, 24] and has 
also emetic propert|es [26] It ~s assumed that APO, L1C1 and 
CuSO4 exert their averswe effect via different pathways 
[11, 21-23] 

The doses of APO and L~CI used correspond to those 
reported elsewhere [13,17] For CuSO4 however, the dose 
used ~s 20 times higher than that frequently used by others 
[11,23] In the dose used LIC1 always ehoted an aversion for 
sucrose, APO and CuSO4 faded twice Th~s can probably be 
explmned as follows as compared to the profound averslve 
effect of L1C1, APO and CuSO4 reduce a less pronounced 
CTA, taking also in account the high vanablhty m the aver- 
s~ve response to the UCS from rat to rat, the poss~bd~ty 
increases that a significant averslve effect of the UCS ~s no 
longer obtained The vanabdlty m the avers~ve response 
corresponds to the hterature data [7,18] and necessitates in- 
cluding an averslve and a non-averslve control group in each 
series of experiments 

Anttaverstve Efject oJ the OptoM~ 

To study the antlaversive effect of the oplo~ds, these 
compounds were rejected between the presentation of the 
CS and the administration of the UCS each t~me both stlmuh 
were associated The Influence of the op~oids on the noxious 
or nauseous effect of the UCS (=emetics) is thus d~rectly 
tested without lnterfenng w~th the dnnklng behawor, the 
condmonlng process ~s thus prevented by blocking the effect 
of the UCS This method is preferable to other methods such 
as the antagonism of an already established CTA [7,10] 

From the seven opiolds tested only three compounds, 
each at only one dose, showed a reproducible antmvers~ve 
effect against only one UCS the /z-agomst morphine (3 
mg/kg) and the K-agonlst EKC (0 1 mg/kg) against APO and 
the 8-agomst D A L A  (0 1 mg/kg) against LIC1 An opposite 

effect was observed with the higher doses of bremazoclne 
and DALA these compounds potentiated the averslve effect 
of APO and LIC1, and of CuSO4 respectively From these 
results the conclusion can be drawn that there is no paral- 
lehsm between the effect of oplOlds against the different 
UCS and that agonlsts, selectwe for a particular oplold re- 
ceptor type, can have both antlaverslve and potentiating ef- 
fects 

The observation that naloxone antagonizes the antiaver- 
save effect of morphine and EKC seems to point to the in- 
volvement of an oplold receptor mediated mechamsm for 
their antmverswe effect, one has however to be cautious 
because the op~oid antagonist naloxone has also non specific 
actions [25] Although the antiaverslve effect of some 
oplolds Is naloxone sensitive, the oplold antlaverslve effect 
cannot be attributed to interaction with a particular oplold 
receptor type, as was shown for their antlemetlc effect in the 
dog [6] We consider this as a first argument against the use 
of the CTA test as a screening test for antlemetlc drugs A 
second argument ~s the potentmtmg effect of some oplolds on 
the aversion of the UCS As for the antmverswe effect, this 
potentmtlng effect was not related to a particular receptor 
type m contrast to the emetic effect of op~o~ds in the dog [12] 
A potentmtmg effect can be considered as an addmon of an 
averslve effect of the oplold to the averslve effect of the 
UCS The potentlatmg doses of bremazocme and DALA 
were therefore tested for a possible averslve effect by using 
them as UCS We dxd however not succeed m demonstrating 
a consistent avers~ve effect of these agents, no more as we 
did for morphine (3, 15 and 30 mg/kg) (unpubhshed data) 
The lack of a consistent averslve effect of morphine m our 
experiments is m contrast with earher findings showing that 
morphme m doses from 10 mg/kg on can induce CTA [8,16] 
An explanation for this discrepancy can probably be found m 
the different experimental set-ups and statistical analyses of 
these various CTA studies Furthermore, the fact that the 
averslve effect of morphine is partmlly [19,27] or not at all [2] 
influenced by naloxone points to a largely aspeclfic mechan- 
ism for this effect of morphine This Is agam in contrast with 
the emetic effect of morphine [12] and of the 8-agonlsts 
[Met~]enkephahn [3] and [Leu~]enkephahn [9] which can be 
completely blocked by naloxone 

Because neither the antmvers~ve nor the aversive effects 
of the oploids within the experimental conditions used are 
comparable to their ant~emet~c or emetic properties, we 
conclude that the CTA test cannot replace the emes~s test for 
the study of antlemetlcs These findings also again shed 
doubt on the nausea concept m the CTA paradigm as was 
already reported [14] 
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