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SUMMARY: Recent neurochemical studies suggest that alterations in functions of the central neurotransmitters may be involved in addiction. Serotonin (5-HT), dopamine (DA) and endogenous opiate
are the most important neurotransmitters involved in addiction. Nucleus raphe dorsalis (NRD) on the
other hand is the important site that secrete or modulate these substances. Release of 5-HT can be
evoked by focal electrical stimulation of NRD. In this study electrical stimulation (30 min: pulse 0.5 ms,
150 µA, 20 Hz) of the antero-dorsal part of the nucleus raphe dorsalis produced significant decrease
in initiation of morphine self-administration during 10 consecutive 2-h sessions. During all sessions
lever-pressing behavior was measured. After the last test session, morphine withdrawal syndrome
signs (wet dog shakes, jumping, writhing and diarrhea) in the naloxone-induced behavior, were measured. The results show that these withdrawal syndrome signs are decreased by application of electrical stimulation of NRD. It is concluded that electrical stimulation of NRD enhances the serotonergic
and endogenous opiate transmission, and this activation might be involved in reduction of craving for
morphine.
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INTRODUCTION
Nucleus raphe dorsalis (NRD) is one of the
specific areas in the brain which is implicated in
the loss of control inherent in the addictive use of
multiple drugs such as morphine (1-3). This site
contains cell bodies and receptors for serotonin
and endogenous opiate respectively, where
multiple drugs and morphine can often produce
their effects. Electrical stimulation of the midbrain
raphe nucleus has proved to be an effective
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means to increase axonal 5-HT release and
turnover in the forebrain and hypothalamus (4-6).
The NRD is a focal point in ascending and
descending modulation of addiction at which (their
modulation) can be induced by focal electrical
stimulation (7-9). Furthermore, it has been shown
that the 5-HT is involved in the mechanisms,
leading to the withdrawal syndrome precipitated
by naloxone in the rat (10-12). Biological causes
of drug addiction and the co-morbid psychiatric
disorders have been repeatedly proposed and it
has also been suggested that the same changes
in central neurotransmitter functions, in particular
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the serotonergic system, may be involved in the
pathogenesis of the combination of two types of
disorders (13-15).
The present study has been designed to
investigate the role of the electrical stimulation of
NRD on drug reward during initiation of drug selfadministration and particularly in its motivational
aspects of drug-taking behavior. Recently a
behavioral paradigm has been investigated which
can assess the motivation aspect of initiation of
drug self-administration (16,17): i.v. Selfadminister a drug during ten consecutive sessions
by pressing one out of two levers present in the
test cage. During the 30 min, preceding the selfadministration sessions, the animals receive the
electrical stimulation and then have access to both
levers, but only pressing the reinforcement lever
results in a dose of drug infusion. During the
session, the numbers of self-infusion and leverpressing were recorded.
MATERIALS AND METHODS
Animal and housing conditions
Animals were male Wistar rats bred from our own live
stock weighing 210-270 g at the time of surgery. Before
surgery, the animals were group-housed, received food
and water ad libitum and were maintained under a
day/night cycle with lights on between 07.00 a.m. and
07.00 p.m. After surgery, the animals were placed in
individual home cages and were allowed to recover from
the operation for 5-7 days before testing was started.
During testing food and water were available in the home
cages. The day/night cycle was reversed 3 days before
testing, so that the animals were tested during the dark
phase of the cycle.
Surgery (cannula and electrode placement)
Animals were anesthetized with Ketamine (15 mg/kg)
and Rampon (0.1 mg/kg) and a cannula was inserted
into the jugular vein (18). The cannula was guided
subcutaneously up to the skull where it was fixed to a
curved metal tube, which was secured onto the skull with
screws. In the same surgery session the animals were
prepared for electrode placement. Stimulating electrodes
(bipolar coaxial stainless steel, active length 900 µm:
SNEX100, Roucaire, France) were lowered into the NRD
according to the Paxinos and Watson (19) atlas (AP+1.2,
L-1.6, V+7.4) then fixed with dental acrylic cement.
Electrical stimulation
Stimulation was applied with a stimulator (type 2521)
device and the current delivered through the set-up was
checked with an oscilloscope (8203 SAIRAN). Parame64
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ters of stimulation were monophasic pulses of 0.5 ms
duration, 150 µA current, 20 Hz. Stimulation was applied
for 30 min before starting the self-administration sessions.
Procedure
Details of the procedure have been recorded
previously (16, 20). Testing was done in standard operant conditioning cages placed in sound-attenuated
rooms. The test cages were equipped with two levers,
one that was marked by the red light placed just above
the lever. The i.v. cannula of the animals were connected
to an infusion pump. Depression of the lever marked by
the red light (reinforcement lever; RL) resulted in an i.v.
infusion of 0.20 ml fluid during 6 s on a continuous reinforcement schedule. The fluid was saline in sham group
and morphine sulfate (TEMAD IRAN) with 5 mg/ml concentration in other groups. The red light went off during
the infusion and pressing the lever during this time did
not result in an infusion action. Depression of the other
lever (non-reinforcement lever; i.v. self-administer a drug
solution for 3 hours a day (starting at 10.00 a.m.) or until
a maximum of 60 self-infusion was reached. Testing took
place on ten consecutive daily sessions. Lever-press
behavior was measured during drug self-administration
sessions.
Withdrawal syndrome sign
The abstinence syndrome was precipitated with an
intraperitoneal injection of 2.0 mg/kg naloxone HCL,
dissolved in saline. Withdrawal signs within 30 min were
precipitated by naloxone in all experimental groups
consisted mainly of wet dog shakes, jumping, writhing
and diarrhea.
Localization of stimulating electrode
At the end of each experiment, the brain was
removed and the final position of the stimulating electrode was determined by inspection of Cresil Violet
stained brain section. Data were included in the final
analysis only if the final position of the electrode tip was
found to be in the region of the NRD, as expected.
Experimental design
In separated experiments groups of animals (n=6-8)
were electrode and cannula implanted, divided to three
groups: a) sham group did not receive electrical stimulation nor morphine in self-administration sessions, b) control group did not receive electrical stimulation, were
given only morphine in self-administration sessions, c)
active group received both electrical stimulation before
sessions and morphine in self-administration sessions.
Statistical analysis
Data are presented as the mean±SEM. The data
obtained during self-administration sessions were
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Figure 1: Effect of electrical stimulation of NRD on initiation of drug self-administration. Animals were tested
during 10 consecutive daily in 3 h sessions. The mean number of self-infusions is plotted versus the day of testing in
three groups: sham which did not receive electrical stimulation nor morphine in self-administration sessions, control
group which received morphine but not electrical stimulation in self-administration sessions, active group (ES+Morphine) which received both electrical stimulation before sessions and morphine in self-administration sessions.

analyzed per unit dose experiment using two way
analysis of variance with repeated measurements
(MANOVA). Stimulation (vs. sham) and time (ten
sessions) were grouping variables and number of selfinfusion (SI), number of responses on the reinforcement
lever (RL) or number of responses on the nonreinforcement lever (NRL) the dependent variable. The
difference in total number of SI (summed over ten
sessions) between activated and non-activated animals
were analyzed using student's t-test.

than that of the morphine group and more than
sham group (p<0.01).
Responding on the reinforcement lever (RL)
significantly decreased (p<0.01) in the activated
group (Figure 2). Responding on non-reinforcement lever (NRL) did not reveal any significant
effect between morphine and activated group
(Figure 2).

RESULTS
Initiation of drug self-a
administration
The number of self-infusions (SI) during
initiation of morphine self-administration is
presented in Figure 1. The electrical stimulation of
NRD resulted in a significant reduction in number
of SI (p<0.01) in comparison with morphine group.
The number of SI in the activated group was less

Withdrawal syndrome signs
Table 1 shows the effect of electrical stimulation of NRD on withdrawal syndrome signs
included wet dog shakes, jumping, writhing and
diarrhea. These signs were recorded during 30
min after naloxone injection (2 mg/kg i.p.). All of
the signs were reduced in the activated group in
comparison with control group (Table 1).

Table 1: Comparison between morphine withdrawal syndrome signs included wet dog shakes, jumping, writhing
and diarrhea during 30 minutes after naloxone injection (2 mg/kg i.p.). Data are represented as mean±SE in sham,
control group (morphine) which did not receive electrical stimulation and only received morphine in self-administration sessions and active group (ES+morphine) which received electrical stimulation before sessions and morphine
in self-administration sessions.

Withdrawal signs
Groups
Sham
Morphine
ES+morphine

Wet dog shakes
(mean±SE)

Jumping
(mean±SE)

Writhing
(mean±SE)

Diarrhea
(mean±SE)

0

2.4 ± 0.45

2.8 ± 0.95

0

30.2 ± 3.6

18.2 ± 2.3

28.2 ± 3.1

++++

18.24 ± 1.9**

8.6 ± 0.92**

21.2 ± 2.6*

++

*p<0.05, **p<0.01
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Figure 2: Effect of electrical stimulation of NRD on responding on the reinforcement lever (RL) and non-reinforcement
lever (NRL) during i.v. morphine self-administration. Animals were allowed to self-administer during 10 consecutive daily in
3 h sessions. The mean number of responses on RL and NRL is plotted versus the day of testing in control group which
did not receive electrical stimulation but received only morphine in self-administration sessions and active group which
received electrical stimulation before sessions and morphine in self-administration sessions.

DISCUSSION
The present study employed a behavioral paradigm in which lever-press behavior of animals
can be measured during drug self-administration
(17, 20). Behavior during the self-administration
sessions is thought to be mainly dependent on the
craving for morphine (16,17). Previous studies
have shown that electrical stimulation of NRD
release 5-HT, suggesting that serotonergic nerve
terminals of the dorsal raphe pathway were being
activated selectivity. Addiction is a biologically
based disease in which biology and behavior
interact in complex way. Evidence suggests that
abnormalities in several central neurotransmitters,
including serotonin (5-HT) and dopamine (DA)
may cause addiction (21-23). Serotonergic
abnormalities have been hypothethized for most
of the major psychiatric disorders (2, 24). It has
been shown that augmentation of 5-HT neurotransmission attenuates alcohol consumption
whereas depletion enhances it (2,12). Thus, 5-HT
may represent a common denominator for various
behavior disorders.
In the field of substance abuse several
controlled studies of the effects of the focal
66

electrical stimulation have been conducted with
some encouraging results. The present study
provides evidence that electrical stimulation of
NRD affects several concomitants of morphine
abuse. Electrical stimulation of NRD appears to
have effected almost immediate (Figure 1) after 5
days treatment, this (lever-pressing) response is
already significantly reduced. The influence of
electrical stimulation of NRD upon withdrawal
syndrome signs were significantly reduced the
syndrome signs (Table 1). It is worth mentioning
that the changes in withdrawal syndrome signs
may be caused by reduction of morphine
consumption during the self-administration
sessions.
For the moment, the only clue as to the
mechanisms of action of electrical stimulation of
NRD comes from recent studies in animal models
which draw attention to the release of serotonin
and endogenous opiates (25, 26). Low levels of
endorphin, serotonin and dopamine have been
observed repeatedly in addiction, prompting some
authors to propose an endorphin deficiency
hypothesis in drug abuse (25, 27-29). Our preliminary results indicate that electrical stimulation of
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NRD might influence these mechanisms. At
present we do not know of any associated
behavioral changes that may explain these
results. Whether the effect of electrical stimulation
of NRD on morphine self-administration is primary
or secondary to the significant improvement of
stress symptoms, mood and in particular depression, is an open question.
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