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KOV,~CS, G. L. AND G. TELEGDY. Inhibitory effect of midbrain raphe stimulation on the maintenance of an active 
avoidance reflex. PHARMAC. BIOCHEM. BEHAV. 5(6) 709-711,  1976. - Performance of an active avoidance 
(bench-jumping) reflex has been studied in rats during stimulation of the midbrain raphe nuclei. Raphe stimulation (10 cps, 
0.2 msec, 2 .5-5.0 V) inhibited the performance of the reflex. A serotonin receptor blocker (methysergide, 2.0 mg/kg tP) 
increased the reflex performance in non-stimulated animals and prevented the action of raphe stimulation. The data 
indicate that the cerebral serotoninergic system might have an inhibitory control over the performance of conditioned 
avoidance reflex. 
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MANY a t t e m p t s  have been  made  to def ine the  subs t ra tes  of 
behaviora l  arousal  and  inh ib i t i on  on a neu rochemica l  and 
humora l  level. There  is a great  deal of  evidences  t ha t  the  
cerebral  se ro ton inerg ic  sys tem,  which  has a well- def ined 
n e u r o a n a t o m i c a l  basis, migh t  be involved in the  n e u r o n a l  
con t ro l  of  d i f fe ren t  cen t ra l  nervous  processes.  The  
se ro ton inerg ic  per ikarya ,  or ig inat ing f rom the  B 7 (nucleus  
raphe  dorsalis),  B 8 (nucleus  r aphe  med ianus )  and  B 9 areas 
of the  midbra in  [ 3 ] ,  p ro jec t  to  var ious cor t ical  and  
subcor t ica l  sites like h y p o t h a l a m u s ,  mesencepha lon ,  h ippo-  
campus  and  lateral  vent r ic le  [ 1, 4, 8, 9, 13, 22, 25 ] .  

Electrical  s t imu la t i on  of  the  se ro ton inerg ic  cell bodies  at  
the raphe  level has been  shown  to resul t  in an increased 
se ro ton in  (5-HT) tu rnove r  and  release [2, 15, 26, 28 ] .  
Raphe  s t imula t ion ,  by increasing the  se ro ton inerg ic  
neu rona l  act ivi ty,  i nh ib i t ed  the  act ivi ty  of  bra in  s tem 
re t icular  neu rons  [ 2 4 ] ,  i nduced  sleep [ 1 5 ] ,  i nh ib i t ed  the  
cort ical  evoked po ten t i a l s  to electr ical  s t imu la t ion  of  
sensory nerves  [27]  and  d imin i shed  the  s t ress- induced 
ac t iva t ion  of  the  h y p o t h a l a m o - p i t u i t a r y - a d r e n o c o r t i c a l  axis 
[20]. 

The behaviora l  ac t ion  of  raphe  s t imula t ion ,  however ,  
remains  to  be fu r the r  e lucidated.  In cats, e i the r  no  ef fec t  
[10, 21, 26] or a mild arousal  [10]  was found  af te r  
s t imula t ion  of  the  r aphe  sys tem wi th  d i f fe ren t  s t imu la t ion  
frequencies .  In rats,  Kostowski ,  et al. [ 15] descr ibed a close 
re la t ionship  be twee n  the  b iochemica l ,  b ioelec t r ic  and be- 
havioral  corre la tes  of raphe  s t imula t ion .  The  s t imu la t ed  
animals  showed  behaviora l  signs of calmness.  Sheard  and  
Aghajan ian  [ 2 8 ] ,  on  the  o the r  hand ,  observed a lack of  
h a b i t u a t i o n  to ex te rna l  s t imul i  in r aphe  s t imula ted  rats. 
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The present  s tudy  was u n d e r t a k e n  to invest igate  the  
ef fec t  of  m idb ra in  raphe  s t imula t ion  on  the  m a i n t e n a n c e  of  
previously t ra ined  active avoidance  reflex. 

METHOD 

T w e n t y - t w o  adul t  male a lb ino rats  of an inbred  CFY 
Strain,  weighing 2 0 0 - 2 5 0  g at  the  beg inning  of the  
expe r imen t s  were used. The animals  were kep t  on  s t andard  
l abo ra to ry  diet  wi th  dr inking  water  ad lib. S tandard  
i l lumina t ion  schedule  of 12 hr  l ight  and  12 hr  dark  (l ights 
on at  6 .00 a.m.)  was used. The e x p e r i m e n t s  were p e r f o r m e d  
daily be tween  10.00 a.m. and  2.00 p.m. 

Behavioral Methods 

Avoidance  behav io r  was invest igated in a bench - jumping  
appara tus  descr ibed in detai l  earlier [ 19 ,30] .  The rats  were 
t ra ined  to avoid electric f o o t s h o c k  by  j u m p i n g  on a b e n c h  
dur ing the  5 sec of  cond i t i on ing  s t imulus ,  being the  l ight  of  
a 45 W bulb.  The lack of  p e r f o r m a n c e  dur ing  this  t ime was 
associated wi th  the  u n c o n d i t i o n a l  s t imulus  in the  nex t  five 
sec, which  were electric foo t shocks  of  1.0 mA,  180 V a.c. 
Th i r ty  trials were given daily, in a f ixed in ter t r ia l  interval  of  
60 sec (range: 5 0 - 7 0  sec). Af te r  the  animals  have me t  the  
cr i ter ion of  learn ing  - over  80% cond i t i oned  avoidance  
responses  for three  consecut ive  days - the  rats  were 
subjec ted  to surgical i m p l a n t a t i o n  of  e lectrodes.  

Af te r  a pos topera t ive  per iod of  7 days, the  animals  were 
re t ra ined,  unt i l  a s tabi l ized reflex pe r fo rmance  ( b e t w e e n  
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7 0 - 8 0 % )  was ob ta ined .  The animals  were then  subjec ted  to 
d i f ferent  t r e a t m e n t s  of  the fol lowing sequence:  (a) the  
pe r fo rmance  was tes ted for  two days, with  the  s t imula t ing  
wire on head,  however ,  w i t h o u t  being s t imula ted  (con t ro l  
per iod) ;  (b)  the  animals  were s t imula ted  (2.5 5.0 V square  
waves of 0.2 msec impulse  dura t ion ,  10 cps) dur ing  the  30 
min of the behaviora l  session; (c) methyserg ide  (Deseryl,  
Sandoz)  was in jected IP in a dose of  2.0 mg/kg.  Nine ty  rain 
later  the reflex pe r f o r m ance  was tes ted w i t h o u t  stim- 
u la t ion ;  and,  (d) af ter  methyserg ide  t r e a t m e n t ,  the  animals  
were s t imula ted  dur ing the whole  session. 

Electrode Implantat ion 

The animals  were anes the t i zed  wi th  p e n t o b a r b i t a l  (Nem- 
butal ,  ' A b b o t t ' ,  40 mg/kg)  and  b ipolar  stainless steel  
e lectrodes,  insula ted  wi th  enamel  excep t  for the  0.5 m m  
tip, were s te reotaxica l ly  imp lan t ed  in to  the  midbra in  raphe  
nuclei  (nucleus  raphe  medianus  or dorsalis) or in the  
mesencephal ic  re t icular  fo rmat ion .  The s te reo tax ic  coordi-  
nates  of  Fifkovfi and  Marsala [7] were used. 

Histolog3, 

For  histological  ver i f icat ion of the e lec t rode  tips, the 
carot id  ar tery  was per fused  wi th  a 10 percen t  fo rmol  
so lu t ion  con ta in ing  3 percen t  po tass ium fer rocyanide .  The  
Prussian-blue spots,  caused by the iron deposi ts  were 
con t ro l led  on  haema toxy l in -eos in  s ta ined histological  
sections.  

For  s tat is t ical  evaluat ion of the  data analysis of variance 
was used. A p robab i l i ty  level of  0.05 or less was accepted  as 
a s ignif icant  difference.  

RESULTS 

The results  are summar ized  on Fig. 1. Midbra in  raphe  
s t imula t ion  s ignif icant ly  (p < 0.001 vs c o n t r o l ) d e c r e a s e d  
the pe r fo rmance  of the active avoidance  reflex. Methyser-  
gide t r e a t m e n t  in a dose of 2.0 mg/kg increased the  
pe r fo rmance  of avoidance  reflex in the  n o n s t i m u l a t e d  
animals (p < 0.05 vs con t ro l )  and p reven ted  the  effect  of  
raphe  s t imula t ion  (p < 0.001 vs raphe  s t imula t ion) .  
S t imula t ion  of  the mesencephal ic  re t icular  fo rma t ion ,  on 
the o the r  hand ,  resul ted in an increased reflex pe r fo rmance  
(p < 0.05 vs control ) .  

DISCUSSION 

Midbrain raphe  s t imula t ion ,  a p rocedure  which has been  
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HG.1. Effect of midbrain raphe stimulation on the maintenance of 
conditioned avoidance behavior in normal and methysergide pre- 
treated animals. Abbreviation: RF - mesencephalic reticular 
formation (The vertical lines on the bars represent the standard 
error of mean, the points show statistacally significant differences). 

shown to increase the act ivi ty of cent ra l  se ro toninerg ic  
system [2, 15, 28] inh ib i ted  the pe r fo rmance  of  active 
avoidance  reflex. The  b lockade  of se ro toninerg ic  receptors  
by methyserg ide  t r e a t m e n t ,  on the o the r  hand ,  resul ted in 
an increased reflex activity.  The data  seem to exclude the 
possibi l i ty  t ha t  the effect  of  raphe  s t imula t ion  was b rough t  
a b o u t  by changing (faci l i ta t ing or in te r rup t ing)  the  ongoing 
neurona l  act ivi ty in i n t e r c o n n e c t e d  s t ruc tures  in the vi- 
c ini ty  of  s t imula t ing  e lec t rodes  [ 6 , I 4 ] ,  since the stim- 
ula t ion of  the  mesencephal ic  re t icular  fo rma t ion ,  ad jacent  
to the  raphe  region, failed to inhib i t  the  reflex activity.  

Failure of raphe  s t imula t ion  to inh ib i t  the reflex act ivi ty 
af ter  methyserg ide  t r e a t m e n t  suppor t  tha t  the raphe  stim- 
u la t ion- induced  behavioral  changes  were due to the in- 
creased release and tu rnover  of 5 HT. 

The results  conf i rm the hypo thes i s  tha t  the  pe r fo rmance  
of a fear -mot iva ted  avoidance  reflex is u n d e r  the con t ro l  of 
cerebral  se ro toninerg ic  system. Increased act ivi ty of this 
t r an smi t t e r  sys tem resul ted in behavioral  inh ib i t ion  [ 17, 1 8, 
23 e tc . ] ,  while the impai red  sero toninerg ic  act ivi ty has a 
fac i l i ta tory  effect  of behav ior  [5, 1 1, 12, 16, 19, 29] .  
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