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Effect of 66OHDA lesions of the dopaminergic mesolimbic system on drug
priming induced reinstatement of extinguished mor phine CPP in rats
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SUMMARY  Objective: To evduate the role played by meslimbic dopaminergic system in the rein-
satement of drug-seeking behavior induced by priming injectionsof morphine. Methods: After the ex-
tingui shment of morphine conditioned place preference (CPP) , low-dose catecholaminergic neurotoxin
6-hydroxydopamine (6-OHDA) was bilateraly injected into ventral tegmenta area (VTA, 1g-L %)
and nucleus accumbens (NAc, 5 g-L ") before being primed with low-dose morphine. Results: the
efectsof drug-priming to induce reingatement of morphine CPP could be completdy abolished by 6
OHDA microinjected into V TA to damage the perikaryon of dopaminergic neurons, or into NAc to le-
son the termind field of the dopaminergic pathyway. Conclusion : The functiona integraity of the
mesoli mbic dopaminergic system isindigensable for drug priming-induced reinstatement of conditioned

place preference.

(J Peking Univ [ Health Sci], 2003,35:449-452)
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Relapse to drug usng &ter long periods of absti-
nence isacommon feature of drug addiction!*!. Along
with conditioned drug-related cues and social stresor ,
another mgor cause of relgpse is the re-exposure to
the abused drug itself!?’. Such druginduced rein
satement of drug-seeking behavior , or rdapse, has
been reported in animas trained to sdif-administrate
multiple addictive drugs'*®!. The other putative ani-
mal modd that could mimic human relgpseisthe rein-
statement of conditioned place preference (CPP) |, re-
ported s multaneoudy by Parker and Mcdonald!® |, Lu
and co-workers " | and Wang et al®!. Whilein both
models the priming injection of the previoudy used
drug could be conddered as renewing the sdience of
the environmentd cues, the animals do not need to do
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any operation in the training phase in the CPP modd ,
i.e., they do not need to learn to make a regponse to
obtain the drug. S both paradigms could be used to
study human relgpse behavior , although the underly-
ing neurobiological mechanisms might be different.
Both opiate and psychostimulants could produce
rewarding efects by activating the meslimbic
dopamine (DA) system!®*®  which conssts of
dopaminergic neurons located in the ventra tegmental
area (V TA) that projecting to neuronsin nucleus ac-
cumbens (NAc) . According to the incentive sensti-
zation hypothessof addiction!™! , a drug could prime
a repponse because they could activate the mesolimbic
DA system that becomes sendtized upon repeated
drug usng . This hypothess has been confirmed by
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condderable evidence obtained from reinstated sif-
administration models**2*3! Our previous results
showed that leson of V TA and NAc shell could com-
pletely abolish drug-priming induced reinstatement of
extinguished CPP1**!. Thus, it would be interesting
to see whether mesolimbic DA system a9 play acrit-
icd role in drugpriminginduced reinstatement of
place preference. In the present study, we microin-
jected 6-hydroxydopamine (6-OHDA) , which sdlec-
tivly damage catecholaminergic neurons*®**! | into
V TA or NAc to invegtigate the role of V TA-NAc
dopaminergic pathway in drug-priming-induced rein-
statement of morphine-related place preference.

1 Materialsand Methods

1.1 Animds

All  experiments were performed on male
Sorague Dawley rats (provided by the Ingitute of
Anima Research, Chinese Academy of Science) ,
weighing 180 - 200 g at the beginning of experiment.
They were housed 6 per cage, with the room temper-
ature maintained at (24 +1) , relative humidity at
50 %, under a 122 h light-dark cycle. Animals were
conditioned and tested during the light phase of the
cycle. The experimenta procedures were approved by
the Committee on Animal Care and Use of Peking U-
niverdty Heath Science Center , and dl eforts were
made to minimize the suffering of the anima and the
number of animal used.
1.2 Surgery

The rats received an intrgplantar (i.p.) injection
of desmipramine (DM1: 25 mg- kg™ %) and pargyline
HA (50 mg- kg™ *) one hour before the surgical oper-
ation, to prevent destruction of noradrenergic nerve
terminds. 6cOHDA was dislved in a solution of ice
cold 0.3 mg: ml ™ * asoorbic acid in 0.9 % sdine. Co-
ordinates are given as millimeters anterior ( +) or
posterior (- ) to the bregma, millimeters laterd to
bregma, and millimeters ventra to the skull surface,
acoording to the atlasof Paxinos and Waton!*"!. For
each ledon, control subjects (shams) were used by
infusng same volume of the wolution of ice-cold 0. 3
mg- ml~* ascorbic acid in 0. 9 % sdine. Under 10 %
chlora hydrate (30 mg-kg™ *,i.p.) aeshesa, bilat-
era lesonsof NAc were induced by infusng 541 of a
lution containing 54 g free base 66OHDA into NAc
(coordinateswere +1.7,1.5,7.0) over 10 min and
the injection needles were I€ft in situ for additiona
10 min following neurotoxic infudon. To evoke a le-
soninVTA, 1ul of a solution containing 84 g free
base 6-OHDA were injected per sde (- 5.2,0.7, 7.
8) over 5 min and the injectors were |&ft in the place
for additiona 5 minfollowing injection. 6OHDA was
kept on ice from light during surgery. All animas
were adlowed to recover for 14 days before the next
behavior testing.
1.3 Drugs

Morphine hydrochloride was purchased from the
First Pharmaceutical Factory of Shenyang, China.

Chlora hydrate was purchased from the Third Phar-
maceutical Factory of Beijing. DMFHCO , 6 OHDA-
HC and pargyline HCl were bought from SIGMA
Co. , USA.
1.4 Procedure

The methods of CPP paradigm have been de-
<cribed in detail elsewhere!™®!. Briefly , conditioning
took placeinoneof the two distinct environments dif-
fered from each other in color and texture, and sepa
rated by a trangarent removable clapboard. The
walls of one room were painted with vertica black
and white stripes (width: 2 cm) , and the floor conr
prised a layer of fiberboard bedding. In the other
room , the walls were painted with black dots (diame-
ter: 1.5 cm) sprinkled on white background , and the
flooring material was 1 cm thick sawdust. The later
was used as the drug-pairing room. Rats were soored
during a 10-min test sesson as being in a compart-
ment when both forepaws were located in that envi-
ronment. After that , different kinds of lesons were
performed in different groups of rats, and the rats
were then kept in their homecagesfor 14 daysfor re-
oovery and CPP extinction. Priming injection of mor-
phine (0.25 mg- kg™ ', s.c.) was then given, fol-
lowed by another testing in the CPP chambers 15 min
later.
1.5 Histology

On completion of behavior testing, rats were
deeply anaesthetized with 10 % chlord hydrate and
perfused transcardially with 0.9 % sdine, followed by
4% phogphate buffered formdin. Brains were re
moved and stored in formdin until sectioning. All le-
son dtes were verified usng standard Cresyl violet
staining methods (404 m sections every 200 U m) .
The location and extent of al lesons were identified
by determining the area where cedlls were lost or glio-
sswas present and slhouettes of lesons were drawn
onto appreciate standardized stereotaxic atlas draw-
ings'*’l. Only anima's with bilateral lesons destroy-
ing a dgnificant portion (over 80 %) of the intended
structure, but not extending beyond its boundaries,
were included for analyss.
1.6 Satigtica analyds

Data were processed by commercidly available
oftware GrgphPad Prism 3.0. Results were present-
ed as x £ sx. Comparion between means of groups
were anayzed with two-way analyds of variance
(ANOVA) followed by Borferroni’ s post test. The
accepted level of gatistical sgnificance was P <0. 05.

2 Results

2.1 Extinguishing of morphineinduced place pref-
erence

One hundred and eight rats were randomly as
dgned into 12 groups, with 9 in each group. Sx of
the groups were trained with morphine (4 mg:- kg™ %)
for 10 daysin the CPP paradigm, while the other sx
groups were running the same procedure with saine
instead of morphine as the regective control. They
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were tested for CPP 1, 3,5, 7, 9 or 14 days, re
ectively, dter the last drugpairing sesdon. As
shown in table 1, rats showed a smilar degree of
preference to the drug-pairing room 1 or 3 days &ter
training. However, this place preference became
weaker at the fifth day (P <0.01) , compared with
that of thefirst day) ; andfel to the samelevel on the
7 th, 9 th and 14 th day as the regective sdine con-
trol group. These results showed that the morphine
induced CPP would disagppear seven days ater the last
drugpairing sesson in the experimenta sysem we
used.

Table 1 The gontaneous extinction of morphine-induced
conditioned place preference

min

Days ater Timein preferred sde
training Normd sdine Morphine

1 6.40%0.20 9.02+0.17 "~

3 6.760.22 8.92+0.17 "~

5 6.91+0.31 8.43+0.18 "

7 6.88+0.57 7.24+0.18

9 6.46+0.23 6.21+0.14

14 5.92+0.23 5.64+0.48

* P<0.05, * * P<0.001 vs normd sdine.

2.2 Hfect of ledons at nucleus accumbens on drug
priminginduced reinstatement of conditioned place
preference

Twenty rats were randomly distributed into 2
groups, with 10 in each group. There were two rats
dropped in the sham group and onein the leson group
for unexpected technical reaons. The rats were given
morphineinjection (4 mg- kg™ *,i.p.) once a day for
10 days to induce stable CPP. The time gent in the
drugrpairing dde of the leson group and the sham le-
don group was (7. 87 £0.23) min and (7. 91 %
0.46) min, regectively.

After the surgical leson at NAc and the priming
injection of morphine, the time ent in the drug
pairing sde of the NAc leson group was (5. 18
0.40) min, which was dgnificantly lower ( P <
0.001) than that in the sham leson group [ (8. 45 +
0.20) min]. The results suggested that leson at NAc
completely blocked the effect of drug-priming in the
induction of CPP reinstatement.

2.3 Hfect of ventrad tegmenta area leson on drug
priming-induced conditioned place preference

Twenty rats were randomly distributed into two
groups There were one rat dropped in the sham
group and two in the leson group for unexpected
technicd reasons. The time gent in the drug-pairing
dde of theledon and the sham group ater CPP train-
ing was (7.91+0.40) min and (8.52+0.24) min,
repectively , showing no dggnificant difference.

Ventra tegmenta area (V TA) ledon sgnifi-
cantly attenuated the reinstated CPP by drug-priming
as compared with the sham group [ (5. 64 = 0. 44)

min vs (8. 27 + 0. 22) min, regectively, P <
0.001]. This result indicates that the integrity of
V TA isvery important for drug-primed rei nstatement
of morphine-related place preference.

3 Discussion

The most important finding in the present study
is that the functiona integrdity of the mesolimbic
dopaminergic system is indigpensable for drug-primed
reinstatement of extinguished CPP.

In the model of extinction and reinstatement of
sf-adminigtration, researchers found that microin
jection of morphine into V TA but not NAc could re-
instate both heroin- and cocaine-seeking behavior!*!.
Wang et al'® suggested that amphetamine priming
could reinstate extinguished CPP induced by mor-
phine, and leson of V TA or NAc shdl could abolish
CPP reinstatement!**!. Snce amphetamine has been
known to produce local increase of DA in NAc, while
application of morphine directly into the VTA may
activate dopamine neurons via disnhibition*? and
consequently increae the dopamine release in the
NAc!™! | the above mentioned data might suggest a
critical role of the meslimbic dopamergic pathway in
the reingtatement of drug-seeking behavior. Conflict-
ing results, however , were obtained by usng apo-
morphine, a non-selective DA receptor agonist!?°22].
An dternative goproach was to use DA receptor an
tagonists instead of the agonists'**'%! | but the results
were often difficult to interpret due to the sedative
and aversve efectsproduced by these ligands. To our
knowledge, there is © far no experimenta study re-
ported to test whether the DA hypothessis goplicable
to acoount for the drug priming-induced rei nstatement
of extinguished morphine CPP.

Usng 6 hydroxydopamine, the neurotoxin for
slective destruction of the dopaminergic axons and
cell bodies, we were able to show that lesons placed
at either the cdl body (V TA) or the termind field
area (NAc) of dopaminergic mesolimbic system could
block drug priming-induced CPP reinstatement , sug-
gesting that the V TA-NAc dopaminergic pathway
plays a critica role in the priming-induced drug- seek-
ing behavior.

Vries et al!® argued that drugrinduced rein
statement of heroin- and cocai ne- seeking behavior fol-
lowing long-term extinction is asociated with the ex-
presson of behavioura senstization. It has been
known that the brain syssem normally involved in the
processng of incentive motivation and reward (e.g. ,
the mesolimbic dopaminergic sysem) would become
hypersensdtive { sendtized”) when the individua has
been repeatedly exposed to drug and the sendgtized
state will last for a protracted period even after absti-
nencel®!. S we postulate that when the sensitized
dopaminergic system is activated by priming dose of
drugs that increase dopamine release, it will renew
the incentive sdience of the environment cues of the
drug, leading to the reinstatement of the extinguished
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CPP. Ledon at one of the important links of the
V TA-NAc pathway might block the increase of DA
release induced by the priming dose of morphine,
thus could block CPP reinstatement.

The drug primed reinstatement of extinguished
morphine-induced place preference in the rat could be
completely abolished by the sdective destruction of
the dopaminergic mesolimbic pathway. Thus, a s
dtized meslimbic dopaminergic syssem seems to be
an indigpensable substrate mediating drug priming-in-
duced relgpse to drug-seeking behavior.
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