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CORR1GALL, W. A. AND M. A. L1NSEMAN. Conditioned place preJkrence produced by intra-hippocampal morphine. 
PHARMACOL BIOCHEM BEHAV 30(3) 787-789, 1988.--Unilateral microinjections of morphine sulphate into the rat 
hippocampus were found to produce a conditioned place preference, whereas equi-volume saline injections into the same 
region in a separate control group were without effect. The results are discussed in terms of possible reward or habituation 
functions of the hippocampus. 
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ELECTROPHYSIOLOGICAL studies have shown that 
opiate agonists have an excitatory effect within the hip- 
pocampus, whether measured in field potential activity (e.g., 
[6,9]) or in single neuron responses (e.g., [7, 8, 16]). Receptor 
binding studies have shown that presumptive mu-type bind- 
ing sites are distributed throughout the pyramidal cell layer 
(see review in [4]), and there has been some corroboration 
electrophysiologlcally that it is a m u -  and/or delta-receptor 
population which mediates the excitation [I, 13, 14]. 

In spite of  the clear evidence for the electrophysiological 
effect, however, there have been no studies designed to 
examine behavioral consequences of  agonist treatment in 
this region of  the hippocampus. It is therefore not known 
what the manifestation of  opiate action on hippocampal 
neurons is, if any, at a higher level of  integration. For this 
reason, we examined the ability of microinjections of  mor- 
phine into the hippocampal region to produce several non- 
conditioned behaviors, but found no effects of  doses up to 50 
micrograms on rectal temperature, analgesia or catalepsy 
(unpublished data). Because of the purported role of  the hip- 
pocampus in learning and memory functions, we subse- 
quently tested the ability of intra-hippocampal morphine in- 
fusions to produce a conditioned place preference, the re- 
suits of  which are described below. 

METHOD 

Subjects for these experiments were 12 male Sprague- 
Dawley rats (Charles River; Lachine, Que), 350--450 g in 
weight. After habituation to our animal colony they were 
prepared with unilateral brain cannulae (Plastic Products, 
Roanoke, VA). Cannula guides were cut to reach a position 
in the brain just dorsal to the CA1 region of the hippocam- 

pus, and were implanted stereotaxically under pentobarbital 
anaesthesia according to the following coordinates: A-P: - 3  
mm/L: 1.5 mm relative to bregma and perpendicular to the 
skull. Except during drug injection, guide carmulae were 
kept plugged with obturators. 

A week following surgery animals were given a 15-minute 
pretest on each of 3 successive days; during this period, the 
amount of  time spent by the animal in each section of  a 
3-compartment chamber was measured. The chamber was 
similar to that used by others [10] and consisted of a central 
start area with grey plywood floor and walls, and two dis- 
tinctive environments differing from each other only in floor 
covering, one being black Plexiglas and the other wooden 
chips over a grid. The walls of  these environments were 
matte black in color. Following pretests, animals were ran- 
domly assigned to two groups. Animals of  each group were ad- 
ministered either saline or 20 micrograms of  morphine re- 
spectively and confined singly for 30 minutes to their non- 
preferred environment. (The 20 microgram dose was chosen 
since we earlier observed that the morphine dose threshold 
for affecting hippocampal neuronal activity was relatively 
high both in vivo [9] and in vitro [6].) Infusions were done 
through cannulae extending 0.5 mm beyond the guides and 
were performed slowly over approximately two minutes by 
means of a gas-tight microsyringe advanced by a manually- 
driven micrometer screw; drug delivery was confirmed by 
watching the advancement of  a small air bubble in the poly- 
ethylene line carrying drug solution to the cannula. Pairing of  
drug or saline with the environment was carried out once 
each day for four days. On the fifth day a test session was 
conducted in which the animals had access to the full test 
box for 15 minutes. 

1The views expressed in this publication are those of the authors and do not necessarily reflect those of the Addiction Research Foundation. 
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FIG. 1. Schematic representation of the location of cannula tips in the hippocampal function. Filled 
circles represent the histology for the group paired with morphine; open circles represent the animals 
paired with saline. 

At the conclusion of  the experiment,  animals were given 
an overdose of  pentobarbital ,  and perfused transcardially 
with saline followed by 10% formalin. Brains were removed,  
and following further fixation and dehydration,  were sliced 
into 50 micrometer  sections which were mounted for his- 
tological determination of  the cannula tips. All animals were 
found to have cannula placements within the hippocampus 
(see Fig. 1), except  for one of  the saline control animals 
whose cannula tip could not be identified. 

Differences between pre- and post treatment scores were 
analyzed using a t-test for independent groups. 

RESULTS AND DISCUSSION 

The results of  the place preference tests are shown in Fig. 
2. After t reatment animals which received morphine spent 
more time in the drug-paired environment than saline-treated 
animals spent in the saline-treated environment,  t(10)=3.63, 
p <0.05. 

The usual interpretation of  place preference data has been 
that the drug-paired environment has assumed some secon- 
dary rewarding property as a consequence of its being reg- 

ularly paired with the positive affective properties of the 
drug (e.g., see [10]), although it should be noted that a rela- 
tionship between place conditioning and drug reinforcement 
has not been established. In this context,  our findings 
suggest that opiate receptors in the vicinity of the microin- 
jection sites in hippocampus are involved in some feature of 
drug reward, along with a variety of other brain loci [5, 11, 15]. 
The observation that naloxone reduces hippocampus self- 
stimulation would also support a role for hippocampal 
opiates in reinforcement [2]. 

However ,  while it is tempting to adopt an interpretation in 
which hippocampal neurons play a role in opiate reward, one 
must be cautious in view of  alternative explanations. For  
example,  Scoles and Siegel [12] have recently demonstrated 
the role played by saline trials in conditioned place prefer- 
ence, and have suggested that place preference conditioning 
with:opiates could be due to an opiate-produced attenuation 
of habituation. Although the findings of  Scoles and Siegel 
differ in form from those reported here (i.e., the Scoles and 
Siegel data show no change in preference for the morphine 
paired environment and a decrease in preference for that 
paired with saline), they may be important to the interpreta- 
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FIG. 2. Results of test trials before and after repetitive pairings of 
infusions of either morphine (20 micrograms) or saline with the less 
preferred environment. Data is presented as the mean and standard 
error of the mean (n =6 at each point). ©=Saline; O=Morphine. 

tion of the present hippocampal data. Also, it has been 
shown that hippocampal opiates may impair recent memory 
formation [3]. It is not unreasonable, therefore, to speculate 
that within the place conditioning procedure, intra- 
hippocampal morphine might result in impaired habituation 
to, or memory of, the drug-paired environment as compared 
to the saline environment. On balance, then, in the test situ- 
ation, the drug-paired environment would be the more novel, 
resulting in increased exploration of it and thereby in an 
apparent increased preference for it. Future experiments to 
test between the reward or habituation interpretation of the 
data reported here might profitably examine whether hip- 
pocampal receptors regulate the self-administration of opiate 
agonists, as has been done for other brain areas [5]. 
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