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MILIARESSIS, E. Serotonergic basis of  reward in median raphb of the rat. PHARMAC. BIOCHEM. BEHAV, 7(2) 
177 180, 1977. - Rats were trained to self-stimulate simultaneously in the ventromedian legmentum (VMT) and the 
median raph~ (MR) by pressing two independent bars. Bar-pressing rates for VMT sell-stimulation (SS) were increased 
following methamphetamine and decreased following c~-methyl-para-tyrosine while no appreciable effects were observed 
on SS in the MR. On the other hand, MR SS was specifically decreased following para-chlorophenylalanine. The above 
results taken together support the hypothesis that SS in the MR is due to the stimulation of serotonergic neuronal 
elements. 
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P H A R M A C O L O G I C A L  a t t e m p t s  to af fec t  se l f - s t imula t ion  
behav io r  (SS) wi th  se ro tonerg ic  drugs have led to con t ra -  
d i c to ry  conc lus ions  ( for  a b r ie f  review see Miliaressis et al. 
[6 ] .  This  m a r k e d l y  con t ras t s  wi th  the  relat ively un i fo rm  
resul ts  ob t a ined  wi th  drugs k n o w n  to act on  ca techola-  
minergic  mechan i sms .  In add i t ion ,  SS in the rat  is o f t en  
elici ted wi th  e lec t rodes  loca ted  in brain  regions con ta in ing  
ma in ly  ca t echo lamine rg i c  n e u r o n a l  e lements .  The  consis- 
t ency  b e t w e e n  n e u r o a n a t o m i c a l  and b iochemica l  data  led 
progressively to  a ca t echo lamine rg i c  hypo thes i s  of  SS [3 ] .  
However,  we r epo r t ed  r ecen t ly  t h a t  e lec t rodes  in the 
med ian  raph6 (MR)  p roduced  very h igh  rates  of  SS and tha t  
this  behav io r  was i nh ib i t ed  fo l lowing b lockade  of  s e ro ton in  
synthes is  by p a r a - c h l o r o p h e n y l a l a n i n e  [6 ] .  In an add i t iona l  
recent  work  we f u r t h e r  r epo r t ed  t ha t  SS in the  MR was 
a c c o m p a n i e d  by d r ama t i c  h y p e r t h e r m i a  [7 ] .  In view of  the 
role of  s e ro ton in  in t h e r m o r e g u l a t i o n  [9 ] ,  th is  last observa- 
t ion  provides  add i t iona l  suppor t  tha t  SS in the  MR is 
el ici ted by se ro tonerg ic  s t imula t ion .  In the p resen t  work  we 
repor t  pha rmaco log ica l  da ta  of  SS ob t a ined  in rats which  
were al lowed to se l f -s t imulate  s imu l t aneous ly  in se ro toner -  
gic and catecholaminegic bra in  sites. S imu l t aneous  SS via 
two e lec t rodes  represen t s  a sensi t ive and accura te  t e chn ique  
in the  eva lua t ion  of  the  relat ive reward value of  the  
s t imu la t i on  in d i f f e ren t  bra in  sites [ 5 ] .  This t e chn ique  may  
be very  useful  in SS e x p e r i m e n t s  w he r eby  drugs are 
expec t ed  to p roduce  d i f fe ren t ia l  ef fects  on d is t inc t  bra in  

areas. An i n h e r e n t  advantage  of  this  m e t h o d  is t ha t  
non-speci f ic  drug effects  as well as in te r t r ia l  var ia t ions  due 
to sickness or o t h e r  undes i rable  reasons can be easily 
de tec ted .  In view of  these advantages ,  this  t e chn ique  was 
used in the  p rsen t  pha rmaco log ica l  work  in an a t t e m p t  to  
compa re  the  n e u r o c h e m i c a l  corre la tes  of  SS elici ted in a 
classical ca t echo lamine rg ic  area (VMT) and in a sero toner -  
gic region where  SS was r ecen t ly  r epo r t ed  [6 ] .  

METHOD 

The e x p e r i m e n t s  were pe r fo rmed  on 4 male,  Sprague- 
Dawley rats  (300  g), imp lan t ed  wi th  two b ipo la r  e lec t rodes  
(200  uM in d iamete r )  in the med ian  raph~ (MR),  and the  
v e n t r o m e d i a n  t e g m e n t u m  of the  m e s e n c e p h a l o n  (VMT),  
respect ively.  With the  incisor  bar  3 m m  above  the in te raura l  
line, s t e reo tax ic  coo rd ina t e s  for  the  VMT were 4.3 mm 
pos te r io r  to  the  bregma,  0.4 m m  lateral  to  the midl ine ,  and 
8.4 m m  unde r  the surface of  the skull. Median raph6 
coord ina te s  were respect ively,  6.0 ram,  0.0 m m  and 
8.0 ram.  A week af te r  surgery, rats were t ra ined  to  
self-s t imulate  in the  VMT and MR regions by  pressing two 3 
x 5 cm i n d e p e n d e n t  levers in a 25 x 2 5 c m  box.  Bo th  
levers were at the  same side of  the  box  and 12 cm spaced.  
Depress ion of  each lever delivered a 60 Hz sin. cu r ren t  of 
250 msec dura t ion .  The in tens i ty  of the s t imu la t ion  was 
adjus ted  in o rder  to  elicit s imilar  bu t  low barpress ing rates 
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in VMT and MR regions. (MR: 78.2 + 2 1 . 9 ~ a ; V M T :  91.2 
+ 48 .0  ~a.)  Af te r  s t ab i l i za t ion  of  SS of  low rates,  rats were 
al lowed to sel f -s t imulate  for  a 110 min  per iod  for  two 
consecut ive  days. Th i r ty  m i nu t e s  a f te r  the  beg inn ing  of  
each SS per iod ,  rats  received an IP in jec t ion  of  e i the r  
normal  saline (first day) ,  or 0.75 mg/kg  of  m e t h a m p h e t a -  
mine  ( second day).  Three  days later,  VMT and MR cur ren t  
in tens i t ies  were increased in o rder  to p roduce  high bar- 
pressing rats (MR: I 11.7 + 31.3 ~a; VMT: 118.5 :~ 58.0 ~a.)  
Af ter  s tab i l iza t ion ,  rats  were al lowed to se l f -s t imulate  for a 
180 rain per iod  for  two  consecu t ive  days. Th i r ty  min  af te r  
the beg inn ing  of  each SS period,  rats  received an IP 
in jec t ion  of  e i the r  normail saline (first  day)  or 200  mg /kg  of  
~ -metby l -pa ra - ty ros ine  (c~-MPT, second day).  Fo l lowing  five 
days of  re t ra in ing  (180  rain SS per iods) ,  rats received an IP 
in jec t ion  of  400  mg/kg  of pa ra - ch lo ropheny la l an ine -  
me thy l - e s the r  (pCPA).  Barpress ing rates  o b t a i n e d  2 4 h r  
fo l lowing the  in jec t ion  were then  c o m p a r e d  to those  
ob ta ined  on the  last con t ro l  day. At  the end  of  the  
expe r imen t s ,  the  rats were sacrif iced and the bra ins  were 
sliced and s tained wi th  t h ion ine  for  the  pu rpose  of  
macroscop ic  d e t e r m i n a t i o n  of  e lec t rode  p lacements .  

RESULTS 

Figure 1 shows tha t  VMT e lec t rodes  were i m p l a n t e d  
a round  the  i n t e r p e d u n c u l a r  nuc leus  in a region t h a t  
co r re sponds  to the A10 dopaminerg ic  cell group of  
Dahls t r6m and Fuxe [1 ] .  Median raph~ e lec t rodes  were 
located in the  u p p e r  par t  of  the  nuc leus  centra l is  super ior  
(B8 sero tonerg ic  nuc leus  of  Dah l s t r6m and Fuxe  [ 1] ). 

Figure 2 shows the  m e a n  compara t ive  effects  of  me th -  
a m p h e t a m i n e ,  c~-MPT and pCPA on VMT and MR SS. A 
low dose of  m e t h a m p h e t a m i n e  (Fig. 2a) resul ted in an 

immedia t e  d ramat i c  increase of VMT SS while SS in the 
MR showed a slight compensatory  decrease. Fol lowing 
c~-MPT t r e a t m e n t  (Fig. 2b),  MR SS was essential ly unaffec t -  
ed while barpress ing  rates  for  VMT SS were progressively 
inhib i ted .  Figure 2c shows tha t  barpress ing rates for VMT 
and MR SS were ident ica l  pr ior  to drug t r e a t m e n t .  
However,  24 hr fo l lowing pCPA, MR SS was part ial ly 
i nh ib i t ed  while  barpress ing  rates for  VMT SS showed a 
slight c o n c o m i t a n t  increase.  All rats  showed  all of  the 
effects  descr ibed above  excep t  in the  case of  m e t h a m p h e t a -  
mine  whe reby  one of the  ra ts  showed,  in add i t ion ,  a part ial  
increase in MR SS. 

DISCUSSION 

In a prev ious  work,  we r epo r t ed  tha t  rats wi th  e lec t rodes  
in the  uppe r  par t  of  the MR may  reach  ex t r eme ly  high rates 
of  SS [6] (above  6 ,000 presses /30  min) .  This f inding tha t  
was r ecen t ly  c o n f i r m e d  b y  o t h e r  inves t igators  [10] under-  
line this  bra in  area as po ten t i a l ly  s ignif icant  in reward 
p h e n o m e n o n .  

The fact tha t  rats pe r fo rm s imu l t aneous  SS in the VMT 
and MR regions represents  an in te r s t ing  obse rva t ion  since 
this  rules ou t  any  acute  rec iprocal  i nh ib i t i on  be tween  the 
rewarding  act ivi t ies  of  these two  brain  areas. 

As s h o w n  in Fig. la,  a low dose of m e t h a m p h e t a m i n e  
results  in a d rama t i c  bu t  specific increase of  SS in the VMT 
area. In a recen t  e x p e r i m e n t ,  we have repor ted  tha t  h igher  
doses of  this  drug p roduce  fac i l i ta t ion  of  MR SS as well 
[6 ] .  This a p p a r e n t  d i sc repancy  may  mean  however  tha t  
high doses of  m e t h a m p h e t a m i n e  release also se ro ton in  at 
the terminals .  An add i t iona l  exp l ana t i on  could be tha t  SS 
in the  MR is in i t ia ted  by s t i nmla t ion  of  se ro tonerg ic  
neu rons  whose  act ivi ty  is par t ia l ly  relayed by catechohl-  

B 

I:IG. I. Microphotographs showing the location of the electrodes in the median raph6 and ventro-medial tegmentum, bc: branchium 
conjectivum; fl: fasciculus longitudinalis: ip: nucleus interpeduncularis; ml: lemniscus medialis; m: nucleus ruber: pvg: subslantia grisea 

centralis; su: substanlia nigra. 
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FIG. 2. Comparative effects of (a) methamphetamine, (b) c~-methyl- 
paratyrosine, and (c) parachlorophenylalanine on bar-pressing rates 
for intracranial self-stimulation in the ventromedian tegmentum 
(VMT) and median raph6 (MR) of the rat. The animals were 
implanted with two independent electrodes and they were allowed 
to perform simultaneous self-stimulation by pressing two separate 
levers respectively connected to VMT and MR electrodes. Ordinate: 

mean bar presses for 4 rats. For further details, see text. 

minergic  neu rona l  e lements .  This  h y p o t h e s i s  c a n n o t  be 
cu r ren t ly  exc luded  since such an a n a t o m i c a l  a r r a n g e m e n t  
has n o t  been  ruled out .  The idea tha t  SS may  be med ia t ed  
by  more  than  one amine  migh t  be of  in te res t  since in 
pha rmaco log ica l  s tudies  this  behav io r  is impl ic i t ly  supposed  
to involve a single n e u r o t r a n s m i t t e r .  The present  resul ts  are 
in ag reemen t  wi th  the  data  of  L i ebman  and Bu tche r  who  
showed tha t  low doses of  a m p h e t a m i n e  p roduce  d ramat i c  
increase of  SS in the  MFB bu t  have no  ef fec t  on SS elici ted 
in the  dorsal  raph6 [4 ] .  

As s h o w n  in Fig. lb ,  c~-MPT inh ib i t s  SS in the  VMT but  
no t  in the MR. The rapid onse t  of  the i n h i b i t o r y  effect ,  as 
shown  in the p resen t  work,  is in ag reemen t  wi th  o t h e r  SS 
data  ob ta ined  in the  VMT area [ 1 2 ] .  The gradual  ext inc-  
t ion  of  VMT SS p robab ly  ref lects  the  t ime course of  
ca t echo lamine - syn thes i s  b lockade .  A late i n h i b i t o r y  ef fec t  
of  c~-MPT on MR SS c a n n o t  be exc luded  in the  l ight  of  the 
present  results.  Such an effect  howeve r  would be diff icul t  
to in te rp re t ,  in view of  the  wel l -known severe m o t o r  
i m p a i r m e n t  p r o d u c e d  by this drug a few hours  fol lowing 
in jec t ion .  

The specific i n h i b i t o r y  ef fec t  of  pCPA on MR SS as 
shown  in Fig. lc  con f i rms  our  previous  repor t  [6 ] .  How- 
ever, in this  last work,  a gradual  i nh ib i t i on  was observed.  
This d i sc repancy  p r o b a b l y  resul ts  f rom the  d i f fe rence  in 
expe r imen t a l  schedules .  A possible add i t iona l  reason is tha t  
pCPA has also a slight fac i l i ta tory  e f fec t  on VMT SS. 

The pharmaco log ica l  data  r epo r t ed  in the present  work 
are the re fo re  cons i s t en t  wi th  the idea tha t  SS in the MR is 
p roduced  by  ac t iva t ion  of  se ro tonerg ic  neurons .  However ,  
S imon et  al. have recen t ly  r epo r t ed  tha t  SS in the dorsal 
raph6 (DR)  is increased by  pCPA and decreased by ~-MPT 
[ i 0 ] .  Six out  of  12 e lec t rodes  in this  last s tudy  were 
located  in the  very infer ior  par t  of  the DR which  is less 
than  1 mm above the loca t ion  of  our  e lec t rodes  (in the 
uppe r  par t  of  the  MR). T h o u g h  n u m e r o u s  me thodo log ica l  
d i f ferences  be tween  these two e x p e r i m e n t s  could par t ia l ly  
explain  a few po in t s  o f  the  c o n t r a d i c t o r y  results,  it seems 
more  p robab l e  tha t  the  fine local iza t ion  of  the  e lec t rodes  is 
the  decisive factor ,  especially in the  raph6 which  represents  
an h e t e r o g e n e o u s  area. 

In conc lus ion ,  the  use of  a sensit ive behaviora l  t e chn ique  
in c o m b i n a t i o n  wi th  d i f fe ren t  drugs enable  us to  d e m o n -  
s t ra te  tha t  posi t ive reward can be ob ta ined  by s t imu la t i on  
of  ca t echo lamine rg i c  (VMT)  as well as se ro tonerg ic  (MR) 
areas. In add i t ion ,  the  fact  tha t  SS of  ne i the r  s t ruc tu re  
d e p e n d e d  upon  in tac t  n e u r o t r a n s m i t t e r  m e c h a n i s m s  of  the  
o the r  suggest tha t  these two reward sys tems are relat ively 
i n d e p e n d e n t .  
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