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MOREAU, J.-L., P. SCHMITT AND P. KARLI. Morphine applied to the ventral tegmentum differentially affects 
centrally and peripherally induced aversive effects. PHARMACOL BIOCHEM BEHAV 23(6) 931-936, 1985.-1n the rat, a 
microinjection of 15 nmoles of morphine into the ventral tegmentum (VT) was found to suppress escape responding induced 
by electrical stimulation applied to the dorsal part of the mesencephalic central gray. This suppressant effect (1) could be 
reversed by a systemic injection of naloxone and (2) was unlikely to be due to gross motor impairment since morphine 
injected into the VT provoked a behavioral activation. A similar microinjection of morphine into the VT did not induce 
analgesic effects since it did not affect the reaction thresholds to a nociceptive stimulus. The mechanisms underlying these 
differential effects of morphine applied to the VT are discussed. 

Ventral tegmentum Periaqueductal gray Escape Aversion Electrical stimulation Microinjection 
Nociceptive stimuli Analgesia Morphine Opiates 

WHEN applied to the dorsal part of the mesencephalic cen- 
tral gray (CG), an electrical stimulation is well known to 
elicit pain and/or fear like behavior such as escape, and to 
induce aversive effects which prompts the animal to put an 
end to the applied stimulation [15,18]. Electrical stimulation 
of  the ventral mesencephalic tegmentum (VT) [14] as well as 
that of  some other brain structures known to induce reward- 
ing effects [10, 19, 20], proved to increase the rat 's latency to 
stop such a CG stimulation (suppressant effect), Moreover,  
the magnitude of  this suppressant effect was found to be 
correlated with the magnitude of the VT stimulation-induced 
rewarding effect, as assessed in a self-stimulation situation. 

The ventral tegmentum has been described as a site in- 
volved in opiate reward. Thus, microinjection of morphine 
into the VT facilitates lateral hypothalamic self-stimulation 
[3] and microinjection of D-Ala2-met-enkephalinamide into 
the VT entails the development of  a conditioned place pref- 
erence [17]. Furthermore, rats readily learn to self- 
administer morphine into the VT [1]. 

Considering the correlation found to exist between sup- 
pressant and rewarding effects induced by electrical VT 
stimulation, we found it of interest to investigate, in a first 
experiment, if a microinjection of  morphine into the VT 
would likewise increase the rat 's latency to stop a CG stimu- 
lation (escape latency) and, if so, whether this increase could 
be reversed by administering naloxone. 

In order to exclude the possibility of gross motor impair- 
ment being the cause of an occurring increase in the escape 
latency, the effects of a morphine microinjection into the VT 
on locomotor activity were tested in a second experiment. 

An electrical VT stimulation was also found to decrease 
the rat 's reactivity to a nociceptive stimulus [13]. Since mor- 
phine injected into another brain structure, namely the CG 
[5], proved to attenuate both centrally-induced escape and 
the reactivity to nociceptive stimuli, we investigated, in Ex- 
periment 3, the effects morphine injected into the VT would 
exert on the reactivity to a nociceptive stimulus. 

E X PE RIM E N T  1: MICROINJECTION OF MORPHINE 
INTO VT: E F F E C T  ON ESCAPE RESPONDING 

I N D U C E D  BY CG STIMULATION 

The aim of this experiment was to determine whether a 
microinjection of  morphine into the ventral tegmentum 
would affect escape responses induced by stimulating the 
mesencephalic central gray. 

METHOD 

Animals 

The experiment was carried out on male Wistar rats 
(350-500 g) kept on a 12 hour-light/12 hour-dark cycle and 
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FIG. 1, Histological localization on frontal planes of the Krnig and 
Klippel atlas [11] of the central gray stimulation sites (0) and the 
ventral tegmental microinjection sites (&) studied in the three exper- 
iments. DR: nucleus dorsalis raphes; IP: nucleus interpeduncularis; 
LM: lemniscus medialis; NR: nucleus tuber; PCS: pedunculus cere- 
bellaris superior; SGC: substantia grisea centralis. 

housed in individual cages with an ad lib food and water 
supply. 

Surgical and Histological Procedures 

Each animal was anesthetized with sodium pentobarbital 
(40-50 mg/kg IP) and placed into a stereotaxic apparatus so 
as to have its skull in a horizontal position. A stainless steel 
guide-cannula (o.d.: 0.4 ram; i.d.: 0.3 ram) was implanted 
into the VT and an electrode made of 2 twisted stainless steel 
wires (0.12 mm in diameter), enameled except at the tip, was 
implanted into the CG. The following coordinates were used, 
the lambda serving as the reference for each plane: 

CG VT 

postero-anterior 0.3 mm 1.5-1.6 mm 
medio-lateral 0.3 mm 1.6 mm 
dorso-ventral 5.5 mm 7.6 mm 

The guide cannula was inserted with a medio-lateral angle of 
10 ° and its tip was located 1 mm above the aimed brain site. 
This guide cannula was then sealed with a stainless steel 
wire. The whole was secured to the skull by means of 3 
stainless steel screws and an autopolymerising resin. 

After completion of the experiments, all animals were 
overdosed with sodium pentobarbital and intracardially per- 
fused with NaCI 9°/,,, followed by 113% formalin. The brains 
were embedded in paraffin and 20/zm serial sections were 
stained with cresyl violet. Stimulation and injection sites 
were localized and transferred onto the corresponding fron- 
tal planes of the Krnig and Klippel atlas [ 11]. 

Escape Responding Measurement 

Following a one-week postoperative delay, each animal 
was placed into a Plexiglas cage (25×25×35 cm high) 
equipped with a lever (switch-off lever). By making a lever 
press response, the animal could interrupt a bipolar brain 
stimulation for a 15 sec period during which any other lever 
press would remain ineffective. The stimulation consisted of 
0.1 msec rectangular pulses delivered at 50 pulses/sec, the 
intensity depending on the site stimulated. A time counter 
(precision 0.01 sec) was used to measure the time that 
elapsed between the onset of the stimulation and the moment 
the rat interrupted it (escape latency). When the animal had 
learned to interrupt the brain stimulation, it underwent a 3 
hours a day training for at least 4 days. Two stimulation 
intensities were then chosen such as to induce a swift escape 
response (escape latency of about 3 sec) and a slower escape 
response (escape latency of about 6 sec). The effect of each 
of these intensities was assessed by determining the mean 
escape latency obtained from a series of 5 consecutive stimu- 
lations, a 15 sec delay elapsing between each lever press and 
the onset of the next stimulation. 

Experimental Program 

Each rat underwent three experimental sessions, a delay 
of 5 days separating two consecutive sessions. In the first 
session, the effects of a 15 nmole morphine microinjection 
were assessed. In the second and third session, each rat was 
submitted either to a 0.25/xl saline microinjection or to a 15 
nmole morphine microinjection followed 45 minutes later by 
a 5 mg/kg IP naloxone injection. 

The microinjections were carried out by inserting in the 
guide cannula a stainless-steel injection cannula (o.d.: 0.28 
mm; i.d.: 0.18 mm) connected to a 1 /.tl Hamilton syringe 
through a polyethylene tubing. The tip of the injection can- 
nula jutted out from that of the guide cannula by 1 ram. 
Fifteen nmoles (5 tzg) of morphine sulfate dissolved in 0.25 tzl 
of sterile saline were injected within 30 sec. 

Prior to any daily experimental session, each rat under- 
went a warm-up period during which it had to interrupt 30 
CG stimulations applied at an intensity chosen to lie between 
the two previous selected ones. The latter two intensities 
were then applied, each of them twice, a 1 min delay elapsing 
between the application of the two stimulation intensities. 
Such series of CG stimulations were repeated every 30 min 
for 5 hours, and the microinjection took place between the 
3rd and the 4th series. 

Following a logarithmic transformation, the results were 
submitted to an analysis of variance using the intensity as a 
grouping factor, the treatment and time as within factors 
[4,23]. This analysis was followed when applicable by the 
Neuman-Keu[s test. 

RESULTS 

The location of both the VT microinjection sites and the 
CG stimulation sites used in the three experiments is shown 
in Fig. 1. 

Nine animals completed this experiment. The low inten- 
sity used for CG stimulation was 102_+9.8/zA (SEM) and the 
high intensity 137_+12.2 /zA. An analysis of variance per- 
formed on the escape latencies recorded before any treat- 
ment showed only an effect of the stimulation intensity, 
F(1,18)=408.2, p<0.001. Following the treatment, the es- 
cape latencies were found to depend on the treatment, 
F(2,36)=22.83, p<0.001, the time after treatment, 
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FIG. 2. Variations in the escape latencies induced by electrical stimulation of the central gray at low 
(left part) or high (right part) intensity following either a microinjection of 0.25 /xl saline (©) or a 
microinjection of morphine (15 nmoles) (0) or a microinjection of morphine followed 45 min later by a 
5 mg/kg IP naloxone injection (1). 

F(6,108)=27.56, p<0.001, and the stimulation intensity 
applied, F(1,18)=29.71, p<0.01. The only significant in- 
teraction was the time x treatment interaction, 
F(2,216)=26.56, p<0.001. 

The escape iatencies recorded 30 minutes following a 
morphine microinjection were significantly longer 
(Neumann-Keuls,  p<0.05) than those recorded following a 
saline microinjection, regardless of the stimulation intensity 
applied (Fig. 2). These escape latencies did no longer differ 
from those recorded following a saline injection 31/2 hours 
following the morphine microinjection. 

When the morphine microinjection was followed 45 min 
later by a naloxone injection, the escape latencies signifi- 
cantly differed (,o<0.05) from those recorded following a 
saline microinjection only in the session performed 30 min- 
utes after the morphine microinjection (i.e., before the chal- 
lenge by naloxone). Fifteen minutes following the naloxone 
injection (i.e., 60 min following the morphine microinjec- 
tion), the escape latencies did no longer significantly differ 
from those recorded following a saline microinjection. 

EXPERIMENT 2: MORPHINE INTO VT: EFFECT ON 
LOCOMOTOR ACTIVITY 

In the course of Experiment 1, we often observed that, 
following a morphine microinjection into the VT, the rats 
displayed an increase in locomotor activity. The aim of the 
present experiment was to assess more clearly this morphine 
induced hyperactivity. 

M E T H O D  

This experiment was performed on the same 9 animals 
one week after completion of Experiment 1. Each rat was 
placed in an actometer (10z 100x40 cm high). Four photo- 
cells were disposed along the length of the cage, with a spac- 

ing of 28 cm, 4 cm above the floor, so as to record the 
animals' locomotor activity. Each beam interruption elicited 
one pulse. The pulses were recorded on a graphic recorder. 

Each rat was placed in the actometer and its basal activity 
rate was recorded during a half-hour period. Saline (0.25/xl) 
was then microinjected into the VT and the rat 's activity was 
recorded during a 4 hour period. After a delay of at least 2 
days, the same procedure was repeated on the same animals, 
using this time a microinjection of morphine (15 nmoles in 
0.25 tzl of saline). 

The results were analyzed by means of nonparametric 
statistical tests [21], 

R E S U L T S  

Figure 3 shows the variations in locomotor activity as a 
function of time following a microinjection of morphine or 
saline into the VT. As compared to the saline treatment, the 
morphine microinjection provoked an increase in locomotor 
activity, the increase being significant as early as 20 min after 
the treatment (Wilcoxon, p<0.05). This effect lasted about 4 
hours. As a rule, the rats exhibited forward locomotion to- 
gether with sniffing and rearing. No tight turning nor exces- 
sive grooming were observed. 

EXPERIMENT 3: MORPHINE INTO VT: COMPARED 
INFLUENCE ON CENTRALLY AND PERIPHERALLY 

INDUCED AVERSIVE EFFECTS 

The aim of this experiment was to determine whether a 
morphine microinjection into VT would also affect the reac- 
tivity to nociceptive stimuli. 

M E T H O D  

To assess the reactivity to peripheral painful stimulation, 
electric shocks of 1 sec duration were delivered to the rat 's 
paws through the bars of the floor of the switch-off cage by 
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FIG. 3. Variations in the locomotor activity (total counts per 20 
minutes) following a microinjection of 15 nmoles of morphine (Q) or 
0.25 ~1 of saline (©) into the ventral tegmentum (*p<0.05; 
**p<O.Ol). 

means of a scrambler. Starting from 0.05 mA, the stimulation 
intensity was progressively increased. The threshold value 
was defined as the intensity at which the animal started to 
react by raising its forelegs. 

Two groups of animals were used. In a first group (7 rats 
that had already participated in the previous experiments), 
threshold values were determined every 30 min for 4 and a 
half hours. The microinjection (either 15 nmoles of morphine 
or 0.25 t~l of saline, with at least a 4 day interval) was per- 
formed between the 3rd and the 4th threshold measurement. 
In a second group (8 rats), the effects of a microinjection of 
morphine were studied in one and the same animal on both 
reactivity to nociceptive stimuli and CG induced escape re- 
sponding. As described for Experiment 1, two different CG 
stimulation intensities were applied, each of them twice. 
Such series of CG stimulations were repeated every 30 min 
for 4 and a half hours, and the microinjection of morphine (or 
saline) took place between the 3rd and the 4th series. The 
threshold intensity that would provoke a raising of the rat 's 
forelegs was determined during the time span separating two 
successive series of CG stimulations. 

The data concerning the escape iatencies and those con- 
cerning the response thresholds to footshock were sepa- 
rately submitted to analyses of variance similar to those used 
in Experiment 1. 

R E S U L T S  

In the first group of animals in which the sole reaction to 
nociceptive stimuli was tested, the response threshold to the 
nociceptive stimulation was not affected by the treatment, 
F(1,6)=0.30, p>0.05, and it did not vary over time, 
F(5,30)=0.41, p>0.05. The Treatment × Time interaction 
was not significant, F(5,30)=0.46, p >0.05. 

Figure 4 shows the results obtained with the second group 
of animals which were submitted to both nociceptive stimuli 
and CG stimulation. The low stimulation intensity applied to 
the CG was 107-+11.6/~A and the high intensity 151-+14.2 
/~A. Concerning the escape latencies, the results were simi- 
lar to those obtained in Experiment 1. Following the treat- 
ment, these escape latencies were found to depend on the 
stimulation.intensity, F(1,14) = 117.3, p < 0.001, on the treat- 
ment, F(1,14)=16.81, p=0.001, and to vary over time, 
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FIG. 4. Effects of a microinjection of 15 nmoles of morphine (upper 
part) or 0.25 /~1 of NaCI 9°/,,,, (lower part) into the VT on: (1) the 
escape latencies induced by electrical stimulation of the central gray 
at a low (O) or a high (11) intensity (left ordinate); (2) the response 
thresholds to nociceptive stimuli (A) (right ordinate). 

F(5,70)= 16.53, p<0.001. Again, the only significant interac- 
tion was the Treatment × Time interaction, F(5,70)= 19.25, 
p<0.001. As for the response threshold to nociceptive stimu- 
lation, the results were strictly similar to those reported for 
the first group of animals. 

DISCUSSION 

The present results demonstrate that morphine acts on 
the ventral tegmentum (VT) so as to increase the rat's la- 
tency to stop a central gray (CG) stimulation. This increase 
in escape latency can hardly be attributed to gross motor 
impairment since morphine microinjections were shown to 
provoke an increase in locomotor activity in agreement with 
other reports concerning microinjections of morphine [7] or 
enkephalins [2, 8, 9] into VT. Although the data obtained do 
not allow to completely rule out a response competition hy- 
pothesis, the two following facts suggest that the microinjec- 
tions of morphine into the VT did not impair the rats' ability 
to press a lever. (1) Similar microinjections have been re- 
ported to increase the rate of lever-presses to self-stimulate 
the lateral hypothalamus [3]. (2) When following a morphine 
injection, the animal failed to press the lever to stop the CG 
stimulation, it did by no means exhibit any unconditioned 
fear-like behavior. Moreover, one had merely to raise the 
stimulation intensity above the highest value previously 
applied in order to induce the animal to display a well 
oriented response towards the lever and thus to stop the 
stimulation. This indicates, in addition, that the animal 
actually remembers the task it has to perform to interrupt the 
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s t imula t ion .  It is the re fo re  mos t  l ikely tha t  the  e scape  l a t ency  
was found  to be  inc reased  becaus e  the  mic ro in jec t ion  of  
morph ine  into the  V T  d e c r e a s e d  the  ave r s ive  effects  nor-  
mally i nduced  by  the  C G  s t imula t ion .  

It is o f  in te res t  to note  tha t  a m o r p h i n e  mic ro in jec t ion  
enta i ls  an  inc rease  in e scape  l a t ency  j u s t  as  does  an  e lect r ica l  
s t imula t ion  appl ied to the  V T  [14]. The  two fol lowing obser -  
va t ions  suggest  tha t  at  least  some  of  the  m e c h a n i s m s  b rough t  
into  play in these  two  cases  are similar:  (1) Elec t r ica l  VT 
s t imula t ion  was s h o w n  to have  r eward ing  effects ,  and  the  
magn i tude  of  the e s c a p e  s u p p r e s s a n t  effect  was  found  to be 
cor re la ted  with the  magn i tude  of  this  r eward ing  effect  [14]. 
M o r p h i n e  mic ro in jec t ions  into the  VT also induce  r eward ing  
effects  as d e m o n s t r a t e d  in a spat ial  p re fe rence  parad igm [16] 
as well as in a se l f -admin i s t ra t ion  s i tua t ion [1]; (2) Bo th  the  
s u p p r e s s a n t  effect  on  cen t ra l ly  induced  escape  and  the  re- 
ward ing  effect  of  m o r p h i n e  mic ro in jec t ions  into the VT can 
be an t agon ized  by na loxone ,  an opia te  an t agon i s t  [1,16]. As 
the  VT rece ives  a par t icular ly  dense  enkepha l ine rg ic  inner-  
va t ion  [6,22], it is qui te  poss ib le  tha t  an  e lect r ica l  VT st imu- 
lat ion exe r t s  its e s c a p e  s u p p r e s s a n t  effect  by  ac t ing on  neura l  
e l emen t s  p laced  u n d e r  an enkepha l ine rg ic  cont ro l .  

While  p roduc ing  a s u p p r e s s a n t  effect  on cen t ra l ly  induced  
escape ,  a m o r p h i n e  mic ro in jec t ion  into the  VT does  not  af- 
fect  the  r e s p o n s e  t h r e sho ld  to a noc icep t ive  s t imulus .  Such  a 
dif ferent ia l  effect  can  hardly  be a t t r ibu ted  to the  fact  tha t  an  
ope ran t  r e s p o n s e  was used to a s sess  the e scape  s u p p r e s s a n t  
effect  whe rea s  a ref lex like reac t ion  was  used  to assess  the  
analges ic  effect .  As a m a t t e r  o f  fact ,  an e lect r ica l  s t imula t ion  
appl ied to the  VT was s h o w n  to p roduce  b o t h  an  e s c a p e  
supp re s san t  effect  and  an analges ic  effect  [13] even  though  a 
s imilar  d i f ference  ex is ted  b e t w e e n  the  two e x p e r i m e n t a l  
s i tua t ions  used.  T h e r e f o r e ,  it s eems  jus t i f ied  to a s s u m e  tha t  
the  ana lges ic  effect  i nduced  by an  e lectr ical  VT s t imula t ion  
resu l t s  f rom the  ac t iva t ion  of  e i the r  cell bod ies  devo id  of  
opia te  r ecep to r s  sens i t ive  to m o r p h i n e  or  f ibers  of  passage  or  
bo th .  P rev ious  da ta  showing  the  analges ic  effect  p roduced  

by  an  e lectr ical  V T  s t imula t ion  to be a t t e n u a t e d  fol lowing a 
p C P A  t r e a t m e n t  [12] sugges t  tha t  the  la t te r  effect  could  well 
be due to the  ac t iva t ion  of  se ro tonerg ic  f ibers  o f  passage.  

W h e n  in jec ted  into the  dorsa l  par t  of  the  cen t ra l  gray,  the  
same  dose  of  m o r p h i n e  was  l ikewise found  to inc rease  the  
l a t ency  to s top ave r s ive  bra in  s t imula t ion  [5], H o w e v e r ,  the  
fol lowing d i f fe rences  o b s e r v e d  in the effects  of  m o r p h i n e  
d e p e n d i n g  on  w h e t h e r  it was  in jec ted  into the  CG or  into the  
VT sugges t  tha t  d i f ferent  m e c h a n i s m s  are i nvo lved  in the  
two  cases :  (1) The  s u p p r e s s a n t  effect  on C G  induced  e s c a p e  
is of  sho r t e r  dura t ion  in the  case  of  VT in jec t ions .  (2) The re  
occu r s  a behav io ra l  ac t iva t ion  fol lowing VT in jec t ions  
w h e r e a s  such  is n e v e r  the  case  fo l lowing CG inject ions  at  
least  at  the  dose  used.  (3) In con t r a s t  to VT in jec t ions ,  CG 
in jec t ions  p roduce  not  on ly  an escape  s u p p r e s s a n t  effect  but  
also an  analges ic  effect .  This  p roved  to be the  case  bo th  in 
an imal s  t es ted  in exac t ly  the  same cond i t ions  as those  used 
in the  p r e sen t  s tudy  and  in an imals  submi t t ed  to a d i f ferent  
kind o f  noc icep t ive  s t imuli ,  i r respec t ive  of  w h e t h e r  the 
an imals  tha t  had e x p e r i e n c e d  ave r s ive  C G  s t imula t ions  in a 
g iven  e n v i r o n m e n t  were  then  submi t t ed  to the  noc icep t ive  
s t imuli  in the same  or  in a di f ferent  e n v i r o n m e n t  [5]. 

In conc lus ion ,  these  f indings  sugges t  tha t  opia te  r ecep to r s  
sens i t ive  to m o r p h i n e  play an  i m p o r t a n t  role in the  expres-  
s ion of  the  e scape  s u p p r e s s a n t  effect  induced  by  an electr ical  
VT s t imula t ion ,  whe rea s  they  are no t  i nvo lved  in the  devel-  
o p m e n t  of  its analges ic  effect ,  at  least  w h e n  the  noc icep t ive  
s t imulus  is an  e lect r ica l  foo t shock .  

ACKNOWLEDGEMENTS 

This work was supported by grants from the DGRST (contract 
No. 81.E.0547), the CNRS (ATP Neurobiologie sensorielle et 
comportementale) and from the Fondation pour la Recherche 
Mrdicale Fran~:aise. The authors wish to thank Marie-Josre Angst 
and Any Boehrer for technical assistance and Gaby Rudolf for draw- 
ing the figures, One of the authors (J. L. Moreau) was holding a 
grant from the Federation du Crrdit Mutuel. 

R E F E R E N C E S  

I. Bozarth, M. A. and R. A. Wise. Intracranial self administration 
of morphine into the ventral tegmental area in rats. Life Sci 28: 
551-555, 1981. 

2. Broekkamp, C. L., A, G. Phillips and A. R. Cools. Stimulant 
effects of enkephalin microinjection into the dopaminergic A I0 
area. Nature 278: 560-562, 1979. 

3. Broekkamp, C. L., A. G. Phillips and A. R. Cools. Facilitation 
of self-stimulation behavior following intracerebral microinjec- 
tion of opioids into the ventral tegmental area. Pharmacol 
Biochem Behav 1 I: 28%295, 1979. 

4. Dixon. W. S. BMDP Statistical S¢~ltware. Berkeley: University 
of California Press, 1981, 727 pp. 

5. Jenck, F., P. Schmitt and P. Karli. Morphine applied to the 
mesencephalic central gray suppresses brain stimulation in- 
duced escape. Pharmacol Biochem Behav 19: 301-308, 1983. 

6. Johnson, R. P., M. Sat and W. E. Stumpf. A topographic lo- 
calization of enkephalin on the dopamine neurons of the rat 
substantia nigra and ventral tegmental area demonstrated by 
combined histofluorescence-immunocytochemistry. Brain Re.~ 
194: 566-571, 1980. 

7. Joyce, E. M. and S. D. lversen. The effect of morphine applied 
locally to mesencephalic dopamine cell bodies on spontaneous 
motor activity in the rat. Neurosci Lett 14: 207-212, 1979. 

8. Joyce, E. M., G. F. Koob, R. Strecker, S. D. lversen and F. E. 
Bloom. The behavioral effects of enkephalin analogues injected 
into the ventral tegmental area and globus pallidus. Brain Res 
221: 35%370, 1981. 

9. Kelley, A. E., L. Stinus and S. D. Iversen. Interactions be- 
tween D-Ala~-Met-enkephalin, A 10 dopaminergic neurones and 
spontaneous behaviour in the rat. Behav Brain Res 1: 3-24, 
1980. 

10. Kiser, R. S., C. A. Brown, M. K. Sanghera and D. C. German. 
Dorsal raphe nucleus stimulation reduces centrally-elicited 
fearlike behaviour. Brain Res 191: 265-272, 1980. 

11. Krnig, J. F, R. and R. A. Klippel. The Rat Brain: A Stereotaxic 
Atlas o f  the Forebrain and Lower Part o f  the Brain Stem. Hun- 
tington: Robert E. Krieger Publishing Co., 1970. 

12. Moreau, J. L., E. Cohen and I. Lieblich. Ventral tegmental 
analgesia in two strains of rats: Effects of amphetamine, 
naloxone and parachlorophenylalanine. Brain Res 300: I-8, 
1984. 

13. Moreau, J. L., E. Cohen and I. Lieblich. Ventral tegmental 
self-stimulation, sensory reactivity and pain reduction in rats 
selected for high and low rates of lateral hypothalamic self- 
stimulation. Physiol Behav 33: 825-830, 1984. 

14. Moreau, J. L., P. Schmitt and P. Karli. Ventral tegmental stimu- 
lation modulates centrally induced escape responding. Physiol 
Behav 36: 1986, in press. 

15. Olds, M. E. and J. Olds. Approach-avoidance analysis of rat 
diencephalon. J Comp Neurol 120: 259-295, 1963. 

16. Phillips, A. G. and F. Lepiane. Reinforcing effects of morphine 
microinjection into the ventral tegmental area. Pharmacol 
Biochem Behav 12: 965-968, 1980. 



936 M O R E A U ,  SCH MIT T  A N D  K A R L I  

17. Phillips, A. G. and F. Lepiane. Reward produced by microin- 
jection of D-Ala2-Met-enkephalinamide into the ventral tegmen- 
tal area. Behav Brain Res 5: 225-229, 1982. 

18. Schmitt, P., F. Eclancher and P. Karli. Etude des syst6mes de 
renforcement n6gatif et de renforcement positif au niveau de la 
substance grise centrale chez le rat. Physiol Behav 12: 271-279, 
1974. 

19. Schmitt, P. R6ponses de fuite et d'approche induites par stimu- 
lation intrac6r6brale. Analyse experimentale des m6canismes 
mis en jeu. Th6se de Doctorat d'Etat, Universit6 de Strasbourg, 
1980, 351 pp. 

20. Schmitt, P., G. Sandner, F. C. Colpaert and P. De Witte. Ef- 
fects of dorsal raphe stimulation on escape induced by medial 
hypothalamic or central gray stimulation. Behav Brain Res 8: 
28%307, 1983. 

21. Siegel, S. Nonparametric Statistics for  the Behavioral Sciences. 
Kogakusha: McGraw Hill, 1956, 312 pp. 

22. Uhl, G. R., R. R. Goodman, M. J. Kuhar, S. R. Childers and S. 
H. Snyder. Immunohistochemical mapping of enkephalin con- 
taining cell bodies, fibers and nerve terminals in the brain stem 
of the rat. Brain Res 166: 75-94, 1979. 

23. Winer, B. J. Statistical Principles in Experimental Design. sec- 
ond edition. New York: Mc Graw Hill Book Co., 1971, 907 pp. 


