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Abstract. Three experiments were conducted to compare 
the effectiveness of intraperitoneally (IP) administered or 
subcutaneously (SC) administered cocaine to produce 
place and/or taste conditioning after four conditioning 
trials. In each experiment, IP (5-20 mg/kg) cocaine pro- 
duced a place preference, but SC (0.5-20 mg/kg) cocaine 
at concentrations that prevented necrosis, did not pro- 
duce a place preference. The failure of SC cocaine to 
produce a place preference was not a function of condi- 
tioning trial duration. On the other hand, SC cocaine (20 
mg/kg) produced conditioned taste avoidance, but IP co- 
caine (20 mg/kg) did not produce conditioned taste 
avoidance. The results suggest that IP cocaine, but not 
SC cocaine, is rewarding. 
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Some psychoactive drugs, such as amphetamine, have 
been reported to be reinforcing in the place conditioning 
or drug self-administration paradigms, but aversive in 
the conditioned taste avoidance paradigm (Wise et al. 
1976; Reicher and Holman 1977). Among these "para- 
doxical" drugs is cocaine. Cocaine is self-administered, 
produces a conditioned place preference, and can pro- 
duce conditioned taste avoidance (for review see Hunt 
and Amit 1987). 

The ability of cocaine to produce conditioned taste 
avoidance (CTA) appears to vary as a function of the 
route of its administration (Ferrari et al. 1991). Cocaine 
has been reported to produce relatively weak CTA when 
administered intraperitoneally (IP; Cappell and LeBlanc 
1975; Goudie et al. 1977; Foltin and Schuster 1981). 
When administered IP, doses of 24-36 mg/kg cocaine, 
which produce marked increases in activity, are required 
to produce CTA in a single trial (Booth et al. 1977; 
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Goudie et al. 1977). On the other hand, it has been report- 
ed that when cocaine is delivered subcutaneously (SC), 
stronger, more robust, CTA is produced. At a dose of 20 
mg/kg, SC, cocaine produces CTA (Issac et al. 1989; Van 
Haaren and Hughes 1990) after a single conditioning trial 
(Issac et al. 1989). Ferrari et al. (1991) reported that sub- 
cutaneously (SC) administered cocaine produces CTA at 
doses of 32 mg/kg and 50 mg/kg, but not at 18 mg/kg. 
However, in this experiment, CTA was assessed with a 
one-bottle test, while the previously described experi- 
ments used a two-bottle choice test which is considered 
to be a more sensitive measure of CTA. In fact, Van 
Haaren and Hughes (1990) assessed cocaine-induced 
CTA with both one-bottle and two-bottle tests. The rats 
tested with the one-bottle test showed CTA after having 
been conditioned with a dose of 20 mg/kg, SC, of cocaine, 
but the rats tested with the two-bottle test showed CTA 
after having been conditioned with 5 mg/kg, SC, of co- 
caine. Subcutaneously administered cocaine, therefore, 
appears to produce CTA at lower doses than does in- 
traperitoneally administered cocaine. There appears to 
be no evidence that cocaine has the ability to produce 
conditioned taste preference at any dose administered 
through any route. 

Cocaine appears to possess aversive properties when 
assessed by the CTA test, yet it has also been demonstrat- 
ed to possess rewarding properties in tests of place condi- 
tioning. The strength of the rewarding properties, like 
that of the aversive properties, appears to vary as a func- 
tion of route of administration (Nomikos and Spyraki 
1988). When administered intraperitoneally, cocaine has 
been reported to produce a conditioned place preference 
(Spyraki et al. 1982; Bardo et al. 1986; Morency and 
Beninger 1986; Lawley and Kantak 1988; Nomikos and 
Spyraki 1988; Houdi et al. 1989). In one of the earlier 
experiments, Spyraki, Fibiger and Phillips (1982) assessed 
the ability of several doses of IP cocaine (1.25, 2.5, 5.0, 
10.0, and 20 mg/kg) to produce place preference. They 
found that the strength of the cocaine-induced place pref- 
erence increased as the dose increased, with asymptotal 
conditioning occurring at 5 mg/kg, and no further in- 
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crease in the s t rength  of  p lace  cond i t ion ing  at  h igher  dos-  
es. W h e n  admin i s t e red  in t r avenous ly  (IV), cocaine  has  
been  shown to p r o d u c e  a more  robus t  cond i t i oned  place  
preference than  when admin i s t e r ed  IP  ( N o m i k o s  and  
Spyrak i  1988). The  abi l i ty  of  SC cocaine  to p r o d u c e  place  
cond i t ion ing  has  received litt le a t t en t ion  in the l i te ra ture ;  
however ,  in a single exper iment ,  a dose  of  5 mg/kg ,  sc, of 
cocaine  was shown to p r o d u c e  a re la t ively weak  place  
preference (Issac et al. 1989) tha t  was presen t  after two, 
bu t  no t  four  to six cond i t ion ing  trials. 

The  p h a r m a c o k i n e t i c s  of  coca ine  m a y  expla in  the be- 
hav iou ra l  differences p r o d u c e d  by cocaine  when admin is -  
te red  by different routes  as  sugges ted  by  Fe r ra r i  et al. 
(1991). I t  is k n o w n  tha t  IP  cocaine  has a shor te r  d u r a t i o n  
of  act ion,  wi th  peak  b l o o d  levels occur r ing  with  a shor te r  
latency,  t han  SC cocaine  ( N a y a k  et al. 1976; Benuck  et al. 
1987; Yeh and  Her tzen  1991). Thus,  the concen t r a t i on  of  
cocaine in the b l o o d  m a y  differ a t  any  given t ime pos t - in -  
j ec t ion  be tween these two rou tes  of  admin i s t r a t ion .  I t  has  
therefore  been sugges ted  tha t  the shor t  d u r a t i o n  of  ac t ion  
of IP  cocaine  m a y  preven t  it  f rom serving as an  effective 
agent  in p r o d u c i n g  cond i t i oned  taste  avo idance  (Fol t in  et 
al. 1981). 

I f  the d u r a t i o n  of  ac t ion  of  cocaine  predic ts  its hedonic  
proper t ies ,  then  it is conce ivable  tha t  a shor t  l a tency/  
shor t  d u r a t i o n  psychoac t ive  effect (via IP  admin i s t r a t i on )  
m a y  be exper ienced  as r eward ing  and  a long latency,  long  
d u r a t i o n  effect (via SC admin i s t r a t ion )  m a y  be experi-  
enced as an  aversive effect. Therefore,  IP  cocaine  m a y  be 
more  effective in p r o d u c i n g  place preference than  SC co- 
caine and  SC cocaine  m a y  be more  effective in p r o d u c i n g  
taste  avo idance  t han  IP  cocaine.  The  fol lowing exper i -  
ments  assessed the r eward ing /aver s ive  p rope r t i e s  of SC 
a n d  IP  cocaine  in tas te  and  place  cond i t ion ing  
pa rad igms .  

Experiment 1 

Reicher  and  H o l m a n  (1977) r e p o r t e d  tha t  when ra ts  con-  
sumed a f l avoured  so lu t ion  while in a c h a m b e r  in which 
they exper ienced  amphe tamine ,  they la ter  d e m o n s t r a t e d  
avo idance  of  the a m p h e t a m i n e - p a i r e d  f lavour  and  a pref- 
erence for the a m p h e t a m i n e - p a i r e d  chamber .  Expe r imen t  
1 assessed the abi l i ty  of  cocaine  to p r o d u c e  f lavour  condi -  
t ion ing  and  p lace  cond i t ion ing  in the  same animals .  The  
g roups  differed on  the basis  of the rou te  of admin i s t r a -  
t ion  of  a dose  of 20 m g / k g  cocaine  (SC or  IP). 

The  three-choice  place  cond i t ion ing  a p p a r a t u s  used in 
the exper iments  below, descr ibed  by  P a r k e r  (1992), in- 
c luded  no t  only  a d r u g - p a i r e d  and  a sa l ine -pa i red  cham-  
ber, bu t  also a novel  c h a m b e r  a m o n g  the choices. This  
test p rov ided  a conserva t ive  assessment  of  the r eward ing  
p roper t i e s  of  cocaine  because  in o rde r  to d e m o n s t r a t e  a 
cond i t i oned  place  preference,  the rats  mus t  d e m o n s t r a t e  
a grea ter  preference for the  d r u g - p a i r e d  c h a m b e r  than  
thei r  na tu ra l  preference for the  novel  c h a m b e r  (Bardo  et 
al. 1990). The  choice of  a novel  c h a m b e r  was inc luded  to 
ensure tha t  the d e m o n s t r a t i o n  of  a preference for the co- 
ca ine-pa i red  c h a m b e r  was no t  s imply  the resul t  of  co- 
ca ine- induced  interference with  h a b i t u a t i o n  to the condi -  
t ion ing  c h a m b e r  (see S to les  and  Siegel 1986). 

Materials and methods 

Subjects. Twenty-four male Sprague-Dawley rats weighing between 
201 and 232 g, from Charles River Laboratories (St Constant, Que- 
bec) served as subjects. All rats were individually housed in stainless 
steel cages. The rats were trained and tested in the light phase of the 
12/12 h light/dark schedule. Purina lab chow and water were con- 
tinuously available to rats except as indicated. 

Apparatus The place conditioning apparatus was in the shape of a 
T-maze with three distinctive chambers and a central choice area 
(25 x 25 era). The wooden walls of each chamber (35 x 25 x 30 cm) 
were painted flat black with different floor textures used for condi- 
tioning cues. The floors of each of the three chambers differed visu- 
ally and tactually: 1) P: a thick sheet of black plastic, 2) G: small 
grid (0.6 cm), 3) S: 5 cm strips of black sandpaper located i0 cm 
apart on the black wooden floor. Clear plastic lids covered each of 
the chambers. As analyzed by group means, rats do not significantly 
differ in their unconditioned preferences for these chambers (Parker 
1992). On conditioning trials the rats were confined to each cham- 
ber with a divider painted fiat black. The room was illuminated by 
two fluorescent ceiling lights. 

The location of the rat during preference testing was monitored 
by a videotracking apparatus (Videomex V, Columbus Instru- 
ments). A camera, located in the ceiling of the testing room, moni- 
tored the movement of a white rat, defined as the location of the 
largest part of the rat's body at a given moment, against the black 
background of the maze and sent a signal of the rat's location to the 
videotracking apparatus. The signal was then sent to an IBM com- 
puter for later analysis. The videotracking apparatus monitored the 
amount of time spent in each of the chambers. 

Conditioning procedure. The rats arrived in the laboratory 1 week 
before the first conditioning trial and were handled daily. Five days 
after arrival, their water bottles were removed. On the next 2 days, 
the rats were allowed 15 min per day to drink tap water in their 
home cages while 24 h water deprived. 

On the following day the conditioning trials began. Every rat 
received four cycles of conditioning trials. Each cycle included a 
two-trial sequence with the first trial always being a saline trial and 
the second trial always being a drug trial. The trials were separated 
by 24 h. On the first trial of each conditioning cycle, the rats were 
given either a 1% NaC1 or 0.02% saccharin solution to drink for 15 
rain before being removed from their home cages and injected either 
IP or SC with saline (3 ml physiological saline). The SC injections 
were administered in the nape of the neck. Five minutes later, the 
rats were placed in one chamber of the place conditioning appara- 
tus for 15 rain. On the second conditioning trial of each cycle, the 
rats were presented with a graduated tube containing the alternate 
flavoured solution to that presented on the first trial (saccharin or 
NaC1 solution) for 15 rain. Upon removal of the solution they were 
injected with 20 mg/kg cocaine (20 mg/kg per 3 cc saline solution) 
by either the IP or SC route of administration. The volume of the 
cocaine solution injected was 3 cc/rat Cocaine was prepared in a 
solution of 20 mg/ml saline solution. Using a 3-cc syringe, 1 ml/kg 
of the stock solution was drawn followed by the appropriate 
amount of saline to provide an injection of a volume of 3 cc. When 
the concentration of cocaine was reduced in this manner, necrosis 
was not observed in the rats that received SC cocaine. Five minutes 
after the injection, the rats were placed in a different chamber of the 
place conditioning apparatus from that of the first trial. Half of the 
rats (n = 12) received intraperitoneal (IP) injections and half of the 
rats (n= 12) received subcutaneous (SC) injections. The flavoured 
solutions presented and the chambers paired with the agents were 
completely counterbalanced among the groups. The rats did not 
experience a third novel chamber during conditioning trials. This 
third chamber would serve as the novel chamber during testing. 

During conditioning, the two-trial (saline/cocaine) conditioning 
cycles 1 through 4 occurred successively over 4 days, with 2 days 
intervening between cycles 2 and 3. During the intervening days 
between cycles 2 and 3, the rats received 15 min access to water in 
their home cage. 
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Fig. 1. Mean number of seconds (±  SEM) that the rats in the IP and 
SC groups spent in each chamber of the T-maze after four condi- 
tioning cycles in experiment 1. (m) Cocaine; (N) saline; (N~) novel 

Test procedure. The place preference test was conducted 3 days after 
the final conditioning trial. During the place preference test, drug 
free rats were placed in the central choice section of the place condi- 
tioning apparatus with the barriers to each of the chambers re- 
moved. The Videomex V apparatus recorded the movement of each 
rat among the chambers for 15 min to determine the amount of time 
spent in each side. 

On the day following the place preference test, the rats were 
deprived of water for 24 h. For each of the following 2 days, the rats 
were given access to water in a graduated tube for 15 min per day. 
Twenty-four hours later, the rats were given a 15-min two-choice 
test, with one graduated tube containing the NaC1 solution and the 
other graduated tube containing the saccharin solution. The total 
consumption of each solution was measured. 
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duced place preference was only established by the IP 
route of administration. 

The mean amount  of time (s) spent in the central 
choice section by the IP conditioned rats (238 s_+23.7, 
J~___SEM) and by the SC conditioned rats (271 s__21.1, 
Jf _+ SEM) did not differ significantly [t(22) = 1.2]. 

Taste conditioning, The taste conditioning data from the 
CTA test were converted into preference ratios prior to 
the analysis. A preference ratio was determined by the 
following formula: amount  of cocaine-paired flavoured 
solution consumed divided by the total amount  of co- 
caine-paired and saline-paired flavoured solution con- 
sumed in the 15-min test. A preference ratio of 0.5 indi- 
cates that the rat consumed equal amounts of the co- 
caine-paired and saline-paired solutions, A ratio less 
than 0.5 indicates that the rat consumed less of the co- 
caine-paired flavour than the saline-paired flavou, r and a 
ratio greater than 0.5 indicates that the rat consumed 
more of the cocaine-paired flavour than the saline-paired 
flavour. The preference ratio for the IP administered co- 
caine-paired flavour was 0.35 (+  0,13) and the preference 
ratio for the SC administered cocaine-paired flavour was 
0.10 (+0.04). These preference ratios were each com- 
pared with a value of 0.5 by t-tests. The analysis revealed 
that the SC administered cocaine produced flavour 
avoidance [ t ( l l )=  10.0; P<0,001],  but the IP adminis- 
tered cocaine did not produce flavour avoidance 
[t(ll) = 1.15]. 

Results 

Place Conditioning. Figure 1 presents the mean amount  
of time spent in each chamber during the place condition- 
ing test. The data were analyzed as a 2 x 3 mixed factor 
ANOVA with the between-groups factor of Route of ad- 
ministration of cocaine (IP, SC) and the within-groups 
factor of Chamber (drug-paired, saline-paired, and nov- 
el). The analysis revealed a significant Chamber main 
effect [F(2,44)= 8.5; P < 0.001) and a significant Route by 
Chamber interaction [F(2,44) = 5.3; P < 0.01]. Since the 
interaction was significant, separate single factor within 
groups ANOVAs for the chamber preferences were con- 
ducted for the groups conditioned with cocaine by the IP 
and the SC Routes. The chamber effect was significant for 
both the IP conditioned group [F(2,22)= 7.5; P<0.001],  
and the SC conditioned group [F(2,22)=5.4; P<0.01].  
Subsequent Newman-Keuls analysis of the Chamber ef- 
fect for the IP conditioned group revealed that the rats 
preferred the cocaine-paired chamber significantly more 
than the saline-paired chamber and the novel chamber 
(Ps<0.01). The rats' preference for the saline-paired 
chamber and the novel chamber did not significantly dif- 
fer from each other. Newman-Keuls analysis of the 
Chamber effect for the SC conditioned group revealed 
that the rats preferred the novel chamber to the saline- 
paired chamber (Ps<0.05), but  did not differ in their 
preference for the cocaine-paired and the saline-paired 
chambers or the novel chamber. Therefore, a cocaine-in- 

Discussion 

Experiment 1 demonstrated that 20 mg/kg cocaine effec- 
tively produced conditioned taste avoidance (CTA) when 
administered subcutaneously in four conditioning trials, 
but not when administered intraperitoneally. This find- 
ing is important  because unlike previous reports of CTAs 
produced with SC cocaine (Issac et al. 1989; Van Haaren 
and Hughes 1990; Ferrari et al. 1991), the concentration 
of cocaine used in the present experiment was adjusted to 
prevent the occurrence of necrosis. By contrast, the place 
preference test revealed that, when administered by the 
IP route, cocaine produced a robust place preference; 
however, when administered by the SC route, cocaine did 
not produce a place preference. 

The taste and place conditioning findings of experi- 
ment 1 suggest that unlike amphetamine (e.g. Reicher 
and Holman 1977), doses of cocaine that produce CTA 
when administered SC do not also produce a place pref- 
erence. When administered subcutaneously, 20 mg/kg co- 
caine appears to possess primarily aversive properties as 
indicated by its ability to produce taste avoidance and its 
inability to produce a place preference. When adminis- 
tered intraperitoneally, 20 mg/kg cocaine appears to pos- 
sess primarily rewarding properties as indicated by its 
inability to produce taste avoidance and its ability to 
produce place preference. Therefore, the hedonic proper- 
ties of cocaine, unlike amphetamine, do not appear to be 
"paradoxical". 
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Experiment 2 

Experiment 2a examined the ability of a lower range of 
doses of cocaine (5-15 mg/kg) administered either in- 
traperitoneally or subcutaneously to produce place con- 
ditioning in the three-choice T maze apparatus  used in 
experiment 1. Additionally, experiment 2b assessed the 
ability of two lower subcutaneously administered doses 
of cocaine (0.5 and 1.5 mg/kg) to produce place condi- 
tioning. 

Materials and methods 

Seventy-two male Sprague-Dawley rats weighing between 238 and 
270 g in experiment 2a and 24 rats between 248 and 278 g in 
experiment 2b, were given place conditioning training on each of 
four conditioning cycles as in experiment 1, except as specified. In 
experiments 2a and 2b, CTA training and testing were not conduct- 
ed. 

In experiment 2a, i week after their arrival in the laboratory, the 
rats received the first conditioning trial. On this day, the rats were 
given either an IP or an SC injection of 3 ml physiological saline, 5 
min prior to their placement in the appropriate side of the place 
conditioning apparatus for 15 min. On the second day of the first 
cycle, the rats received either a 3 ml IP or SC injection of 5, 10 or 
15 mg/kg cocaine in a saline vehicle, 5 min prior to their placement 
in the appropriate side of the apparatus. There were 12 rats in each 
condition. This procedure continued for a total of four successive 
conditioning cycles according to the schedule described in experi- 
ment 1. Two days after the final conditioning trial, the rats were 
tested for their place preference. During the place conditioning test, 
the rats were placed in the centre of the T maze apparatus for 15 
rain while the Videomex V recorded their movement among the 
chambers. 

In experiment 2b, the identical procedures were followed except 
that the rats received a 3-ml SC injection of 0.5 or 1.5 mg/kg cocaine 
in a saline vehicle, 5 min prior to placement in the appropriate 
chamber. 

Results and discussion 

Experiment 2a. Figure 2 presents the mean amount  of 
time that the rats conditioned with IP or SC cocaine (at 
5, 10, and 15 mg/kg) spent in each chamber  of the place 
conditioning apparatus  during preference testing. The 
data were analyzed as a 2 x 3 x 3 mixed factor A N O V A  
with the between-groups variable of Route of administra- 
tion (IP or SC) and Dose (5, 10, or 15 mg/kg) and the 
within-groups variable of Chamber  (drug-paired, saline- 
paired, and novel). The results revealed significant main 
effects of Route of administration [F (1,66)=6.71; 
P < 0.01] and Chamber  [F (2,132)= 15.4; P < 0.001] and a 
significant Route by Chamber  interaction IF (2, 
132)= 13.7; P<0.001].  

Separate 3 by 3 ANOVAs were conducted for each 
Route of administration. The analysis of the preferences 
for the IP conditioned rats, depicted in the upper section 
of Fig. 2, revealed only a significant main effect of Cham- 
ber [F(2,66)= 13.08; P<0.001].  Subsequent Newman-  
Keuls tests revealed that, pooled across the 3 doses, the 
rats preferred the novel and cocaine-paired chambers to 
the saline-paired Chamber  (Ps < 0.01) and they preferred 
the cocaine-paired chamber to the novel chamber 
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Fig. 2. Mean number of seconds (_+ SEM) that the rats in the vari- 
ous dose groups conditioned with IP or SC cocaine spent in each 
chamber of the T-maze after four conditioning cycles in experiment 
2a. (m) Cocaine; ([]) saline; (P'~) novel 

(P < 0.05). The analysis of the preferences for the SC con- 
ditioned rats, depicted in the lower section of Fig. 2, 
revealed only a significant effect of Chamber  
[F(2,66)= 11.9; P<0.001].  Subsequent Newman-Keuls  
analysis revealed that the rats preferred the novel cham- 
ber overall to both the saline-paired and the cocaine- 
paired chambers (Ps <0.01). They did not differ in their 
preference for the saline-paired and cocaine-paired 
chambers;  therefore, there was no evidence of the estab- 
lishment of a conditioned place preference in the groups 
conditioned with SC cocaine. 

The mean amount  of time (s) that the rats spent in the 
central choice area during the preference test was as- 
sessed by a 2 by 3 between-groups A N O V A  for the fac- 
tors of Route of administration and Dose of cocaine. The 
only significant effect was that  of Route of administration 
[F (1,66)= 10.0; P<0.01] ;  the rats conditioned with SC 
cocaine ( 2 = 2 8 8 . 9  s) spent more time in the central 
choice area than the rats conditioned with IP cocaine ( 2  
= 254.9 s). 

Experiment 2b. The 2 by 3 mixed factor A N O V A  for the 
between-groups variable of Dose (0.5 or 1.5 mg/kg) and 
the within-groups variable of Chamber  (cocaine-paired, 
saline-paired and novel) revealed no significant effects 
[Chamber:  F(2,44)--0.9; Dose by Chamber:  F(2,44)= 
0.2]. There was also no significant difference among the 
dose conditions in the mean time spent in the central 
choice area [t(22)= 1.3]. Thus, there was no evidence of 
place conditioning with low doses of subcutaneously ad- 
ministered cocaine. 

Experiment 3 

In experiments 1 and 2, cocaine was only effective in 
conditioning a preference for a place with which it was 
paired when it was administered IP, but not when it was 
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administered SC. It is likely that the difference in the 
pharmacokinetics of cocaine produced by each route 
may be responsible for the differing effects. When admin- 
istered IP, cocaine has a much shorter latency of onset 
and duration of action than when administered SC, with 
peak blood levels lasting considerably longer for SC than 
for IP cocaine (Nayak et al. 1976); the plasma half-life for 
IP cocaine is approximately 0.3 h and the plasma half-life 
for SC cocaine is approximately 0.8 h. Therefore, the du- 
ration of action of cocaine and/or  latency to onset of 
action may be inversely related to its ability to produce a 
conditioned place preference. 

Although the difference in the speed of onset of IP 
versus SC cocaine may produce different hedonic effects, 
it is also possible that the failure to establish place condi- 
tioning with SC cocaine was the result of the relative 
timing of the peak effects of cocaine and exposure to the 
conditioning chamber. During place conditioning, the 
peak effects of IP cocaine may have been experienced 
while the rats were in the conditioning chamber during 
the 15-min conditioning trial, but the peak effects of SC 
cocaine may have been experienced after the rats were 
returned to their home cage following the conditioning 
trial. Therefore, experiment 3 was designed to determine 
whether the conditioning trim duration would effect the 
ability of SC and IP cocaine to produce place condition- 
ing. 

Materials and methods 

Seventy-two male Sprague-Dawley rats weighing between 258 and 
405 g were given place conditioning training on each of four condi- 
tioning cycles as in experiment 2, except as specified. 

One week after their arrival in the laboratory, the rats received 
the first conditioning trial. They were given either an IP or an SC 
injection of 20 mg/kg cocaine (20 mg/kg per 3 cc saline) or physio- 
logical saline (3 cc) 5 min prior to placement into the appropriate 
chamber on the first trial of the cycle and were injected with the 
alternate solution on the second trial of the cycle in a counterbal- 
anced order. The groups differed on the basis of the duration of the 
conditioning trials: 30, 60 or 90 min. The various groups (route: 
conditioning trial duration) were as follows: IP: 30 (n= 12), SC: 30 
(n=12), IP: 60 (n=12), SC: 60 (n=12), IP: 90 (n=12), SC: 90 
(n = 12). The test trial duration was 15 rain for all rats, as in exper- 
iments 1 and 2. 

Results and discussion 

Figure 3 presents the mean number of seconds that the 
rats in the various groups of experiment 3 spent in each 
of the chambers during the place preference test. A 2 by 
3 by 3 mixed factor ANOVA revealed only a significant 
Route by Chamber interaction [F(2,132)= 3.7; P < 0.025]. 
Subsequent 3 by 3 mixed factor ANOVAs for each route 
of administration revealed a significant main effect of 
Chamber [F(2, 66)= 10.8; P<0.001] for the IP condi- 
tioned rats, but not for the SC conditioned rats. For the 
IP conditioned rats, subsequent Newman-Keuls tests re- 
vealed that the rats spent more time in the cocaine-paired 
chamber than in either the saline-paired or novel cham- 
ber (Ps < 0.01); no other effects were significant. 
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Fig. 3. Mean number of seconds (+SEM) that the rats in experi- 
ment 3 that received 30-, 60- or 90-min conditioning trials spent in 
each chamber of the T-maze after four conditioning cycles. The top 
section presents the rats conditioned with IP cocaine and the bottom 
section presents the rats conditioned with SC cocaine. ( . )  Cocaine; 
([~) saline; (Nil) novel 

Regardless of the duration of the conditioning trial, IP 
cocaine produced a place preference and SC cocaine did 
not produce a place preference. Therefore, the inability of 
SC cocaine to produce place conditioning in the previous 
experiments that employed 15 min conditioning trials 
was not a function of the peak effects of cocaine occurring 
after removal from the conditioning chambers. Such an 
effect would be expected to occur within the 90 min of 
chamber exposure in experiment 3 (Nayak et al. 1976). 
Instead, it is more likely that the faster speed of onset of 
IP cocaine is responsible for place preference condition- 
ing. 

General discussion 

When administered intraperitoneally (IP), doses of 5-20 
mg/kg cocaine produced a conditioned place preference, 
yet even a dose as high as 20 mg/kg did not produce 
conditioned taste avoidance. On the other hand, when 
administered subcutaneously (SC), doses of 0.5-20 mg/kg 
cocaine did not produce a conditioned place preference 
and a dose of 20 mg/kg, SC, produced conditioned taste 
avoidance. Doses as low as 5 mg/kg, SC, of cocaine are 
effective in producing a conditioned taste avoidance (Is- 
sac et al. 1991; Parker 1993). Therefore, cocaine, unlike 
amphetamine (Reicher and Holman 1977), does not pro- 
duce both taste avoidance and a place preference at the 
same dose by the same route of administration. 

Since the half-life of SC cocaine (0.8 h) is longer than 
that of IP cocaine (0.3 h; Nayak et al. 1976), it was consid- 
ered possible that in experiments 1 and 2 the peak blood 
level of SC cocaine occurred after the rats were removed 
from the conditioning chamber when the conditioning 
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trial dura t ion  was 15 rain. The SC cocaine, but  not  the IP  
cocaine, rats may  then have experienced the rewarding 
properties of  cocaine in their home cages rather  than in 
the condi t ioning chambers.  In  fact, when amphe tamine  is 
used as the uncondi t ioned stimulus in place condit ioning,  
a place preference is p roduced  only when the drug pre- 
cedes placement  in the chamber,  but  not  when the drug 
follows placement  in the chamber  (e.g. Costello et al. 
1989). In  experiments 1 and 2, SC cocaine effects may  
have functionally followed placement  in the chamber  
during the 15-min trials. Experiment  3, however,  demon-  
strated that  SC cocaine does not  p roduce  a place prefer- 
ence even when the rats are al lowed to remain in the 
condi t ioning chamber  for 90 rain post-injection (with a 
5-min inject ion-chamber  placement  interval). 

Instead, it is more  likely that  the latency to onset of  
drug act ion is the factor  that  differentiates the rewarding 
properties of  IP  and SC cocaine. Other  findings suppor t  
this possibility. Nomikos  and Spyraki  (1988) reported 
that  IV cocaine produces  s t ronger  place condi t ioning 
than IP  cocaine. Fur thermore,  deWit, Bodker  and A m b r e  
(1992) recently reported in humans  that  the rate of  in- 
crease of  the p lasma drug level is directly related to re- 
por ted  "liking" for the drug;  the faster the increase in 
p lasma drug level of  pentobarbi tone,  the greater the pos- 
itive hedonic  rat ing of the drug. Our  results suggest that  
the speed of onset  of  cocaine effects m a y  also play a role 
in the rewarding properties of  this agent. 
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