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ELIASSON, M. AN I) C. KORN ETS KY. Effects of electrical stimulation of the reticular formation and chlorpromazine on 
performance of  trace conditioned avoidance response in the rat. PHARMAC. BIOCHEM. BEHAV. 1(6) 731 -734, 
1973.-The effects of electrical stimulation to the mesencephalic reticular formation and chlorpromazine on the perform- 
ance of a trace conditioned avoidance response by rats were studied. Either treatment alone impaired the performance; this 
impairment was a function of level of stimulation or dose of the drug, respectively. The performance deficit was not 
present when a high intensity of stimulation of the reticular formation was combined with a moderate dose of chlorpro- 
mazine. However, the combination of a high dose of the drug with a low stimulation intensity interfered with the 
avoidance responding more than any other condition tested. These effects appeared to be independent of neutral or 
negative reinforcement effects of the stimulation, as tested in an independent situation. 
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TItE EFFECTS of  electrical s t imulat ion of  the reticular 
fo rmat ion  on rats '  pe r fo rmance  of behavioral  tasks have 
been repor ted  to be a func t ion  of the nature  of  the task as 
well as o f  the proper t ies  of  the s t imula t ion  [7 ,8 ] .  Wilson 
and Radlof f  [8] found  that  an operan t  schedule  requiring a 
higher rate of barpressing for food re in fo rcemen t  was 
impaired significantly by a s t imula t ion  in tens i ty  that  had 
no effects  on a low rate of  responding.  Vierck [7] repor ted  
o the r  types  of  behavior such as con t inuous  avoidance per- 
formance  to be impaired by electrical s t imula t ion  to the 
ret icular  fo rmat ion  and that  explora t ion  and gross activity 
in rats were decreased.  Also a t t en t ion  behavior  is inhibi ted 
by electrical s t imula t ion  to reticular p lacements .  This 
impai rment  can be reversed by ch lo rp romaz ine ,  which by 
itself p roduced  the same kind of  pe r fo rmance  defici t  [2 ,5 ] .  

The purpose  of  the present  s tudy  was to investigate 
fur ther  the relat ionship of  ret icular  s t imulat ion and chlor- 
p romaz ine  by test ing several levels o f  s t imula t ion  intensi t ies  
and drug doses on a task that  was mainta ined in a manner  
d i f ferent  f rom food depr ivat ion,  and retained the essential 

feature of  alertness for a p roper  per formance .  For  these 
reasons a trace cond i t ioned  avoidance response was chosen.  
The effects  of  ch lorpromazine  on avoidance responding  are 
well d o c u m e n t e d  [ 1,3 ]. 

METHOD 

Animals and Implantation Procedure 

Four  mature  male albino rats of  the l lo l tzman strain 
were implanted  s tereotaxical ly  with bipolar  stainless steel 
e lec t rodes  (0.25 mm dia.) that  were insulated except  for 
the cross sect ion at the tips. Each animal received two elect- 
rodes placed bilaterally. The surgery was per fo rmed  under  
Equi-Thesin anesthesia (Jensen-Salsbery Laborator ies)  at a 
dose of  0.3 cc per I00 g of  body  weight IP. At ropine  sul- 
phate  was also adminis tered  at 3 mg/kg SC. The coordina tes  
were: A.P. 6 mm,  L. 2 ram, V. 5.5 mm, with the area 
be tween  bregma and lambda kept  in a hor izonta l  posi t ion.  
The animals were housed individually in stainless steel cages 
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and provided with food and water  ad lib. 
At the  comple t i on  of  tes t ing the  animals  were sacrif iced 

and perfused.  The brains  were saved for ver i f ica t ion  of the  
e lec t rode  p lacements .  

Apparatus 

Electrical stimulation to the re t icular  f o r m a t i o n  deliv- 
ered f rom a cons t an t  cu r ren t  s t imu la to r  (Nuclear  Chicago) 
consis ted of  biphasic  rec tangular  pulses. The du ra t ion  of  
each pulse was 0.2 msec wi th  a delay of 0.2 msec.  In ten-  
sities ranged f rom 0.01 ma to 0.15 ma at a f requency  of  
100 Hz, and a t rain du ra t ion  of  500 msec. 

Avoidance  t ra in ing  and test ing took  place in a Plexiglas 
c h a m b e r  inside a s o u n d - a t t e n u a t i n g  box  and with a wheel  
m a n i p u l a d u m  on one of  the  walls and o the r  details  as des- 
cr ibed by Latz et al. [6 ] .  A house buzzer  served as the 
cond i t i oned  s t imulus  ((?S); while the  u n c o n d i t i o n e d  stim- 
ulus (US) was a c rambled  foot  shock t h r ough  the  grid f loor  
at  0.5 ma. 

ReinJorcing properties of  the electrical stimulation were 
tes ted in a box  43 cm long, 30 cm high, and 23 cm wide. A 
steel bar  placed across the middle  of the box  2.5 cm above 
the  f loor  divided the box in to  two equally large areas. 
Timers  were connec t ed  to the  appara tus ,  au tomat i ca l ly  
record ing  t ime spent  in e i ther  c o m p a r t m e n t  plus the to ta l  
tes t ing t ime.  

Procedure 

In t ra in ing  of  the  avoidance responding  the CS du ra t ion  
was starli~l at 10 sec dura t ion  and decreased s tepwise  unt i l  
the  final cond i t ion  of  2 sec, fol lowed by an 8 sec long silent 
per iod the  trace - before  the US. A response (A one 
qua r t e r  tu rn  of  the wheel)  caused the shock to be avoided 
and the  CS t e rmina ted .  A wheel tu rn  af ter  onset  of  the  US, 
which had a dura t ion  of 5 sec was an escape response  and 
t e rmina ted  the  shock.  The CS was presented at i rregular  
intervals,  on  the  average every 30 sec. 

The animals  were t ra ined unt i l  the i r  pe r fo rmances  
reached an a s y m p t o t e  and were then  hab i tua t ed  to having 
the  s t imula t ion  cable a t t ached  to the  e lect rodes .  

Animals  received one  train of  s t imula t ion  in the  middle  
of  each in ter t r ia l  interval ,  i.e. on the  average every 30 sec. 
The tes t ing of  the  effects  of  s t imula t ion  s tar ted  wi th  the 
lowest  in tens i ty  0.01 ma, and increased from session to 
session in steps of  0 .02 ma up to an in tens i ty  where  overt  
m o t o r  react ions  could be observed e.g. con t ra la te ra l  turn-  
ing. The highest  in tens i ty  c o m b i n e d  with ch l o r p romaz ine  
was one w i t h o u t  in ter fer ing  m o t o r  c o m p o n e n t s .  The  effect  
of  electr ical  s t imula t ion  to the re t icular  f o rma t ion  was then  
tested in a descending  order  of  in tens i ty .  

Three  in tensi t ies  were chosen  for tes t ing toge the r  wi th  
ch lo rp romaz ine .  The first two levels were 0.01 ma and 
0.05 ma. The third one was just  below the threshold  for a 
s t rong m o t o r  response in each individual  animal.  For  one 
animal  this in tens i ty  was 0 . 1 0 , n a  and for the o thers  
0.15 ma. 

(?h lorpromazinc  or saline was injected IP 15 rain before  
the  session. Each e lec t rode  poin t  was tes ted with the  three  
cu r ren t  in tensi t ies  and the  three  doses of the drug. Test ing 
was a l t e rna t ing  from session to session be tween  the  two 
e lec t rode  poin ts  in each animal .  For  two of  tile animals  the  
first tes t ing cond i t ion  was a c o m b i n a t i o n  of the high dose 
of ch lo rp romaz ine  with the low cur ren t  in tens i ty .  The 
o the r  two animals  were tested the first t ime wi th  the sinai- 

lest dose of  the drug and the  high s t imula t ion  in tens i ty .  The 
cond i t ions  were reversed in the  animal  pairs for the  start  of  
tes t ing of  the  second e lec t rode  poin t .  No animal  was ever 
tested with the  same t r e a t m e n t  c o m b i n a t i o n  on two con-  
secutive tes t ing occasions.  The cond i t ions  were then  al tered 
one step for  each session. 

A session lasted 45 min and occur red  5 6 t imes a week. 
Ch lo rp romaz ine  a n d / o r  s t imu la t i on  was usually adminis-  
tered twice a week wi th  con t ro l  runs (wi th  saline and no  
s t imu la t i on )  in be tween .  The pe r fo rmance  was always 
al lowed to r e tu rn  to the p r e t r e a t m e n t  level for each animal  
before  the next  t r e a t m e n t  was applied.  

Percentage  avoidance ,  percentage  escape, n u m b e r  of 
responses,  and mean  response t ime /avo idance  were re- 
corded.  

Re inforc ing  effects  of  the electr ical  s t imula t ion  were 
tested prior  to the avoidance  training.  The animal  was 
placed in the  tes t ing box and the to ta l  t ime spent  in e i ther  
c o m p a r t m e n t  was recorded.  Test ing was pe r fo rmcd  in four  
blocks,  each consis t ing of six sessions lasting 10 rain. 1,1 the 
first and third b locks  no s t imu la t ion  was delivered to con- 
trol for any  s p o n t a n e o u s  preferences  of b o x - c o m p a r t m e n t s .  
During the remain ing  sessions the animal  received one train 
of  s t imu la t ion ,  whenever  it en te red  a p r e d e t e r m i n e d  side of 
the  expe r imen ta l  chamber .  This was repeated every 30 sec 
if the animal  remained .  The s ta r t ing  poin t  a l t e rna ted  f rom 
session to session be tween  c o m p a r t m e n t s ,  bu t  s t imula l ion  
of  one  e lec t rode  was always received in the sante compar l -  
ment .  When the second e lec t rode  p l acemen t  was tes ted the 
c o m p a r t m e n t  in which s t imula t ion  occurred  was reversed. 
Time spent  in e i ther  half  of the box  was calculated unde r  
b o t h  cond i t ions  for each animal  and e lec t rode  and lhc 
d i f ferences  tes ted for s tat is t ical  s ignif icance by means  of  a 
double- ta i l  t-test for corre la ted observa t ions  19].  

I+, 1.;S t i I+"f'."-; 

l h r e e  of  the animals had their  electrodes placed, as in- 
tended in the ret icular formation> whi le the four th  animal 
had one electrode on the border l ine of  the ret icular  forma- 
t ion and the pos te r ior  thalamic  nucleus  and one in the 
lateral geniculate .  

Only one e lec t rode  p lacement  yielded signif icant  rein- 
fo rcemen t  effects ,  here s t imula t ion  was negat ively re inforc-  
i n g ( t =  2.76, d f 5 ; p < 0 . 0 5 ) .  

l','ffects o f  electrical stimulation on the CAR perform-  
ance are shown in Fig. 1 for each animal .  Only the highest  
in tens i ty  of  s t imu la t ion  had any  effect  on the pe r fo rmance  
and caused a cons iderable  decrease of avoidance  respond-  
ing. This was observed at all p lacements ,  inc luding the  one 
in the lateral genicula te .  The effects  of brain s t imu la t ion  for 
each re t icular  p lacement  compared  to the immedia te ly  
preceding con t ro l  pe r fo rmance  for each animal  yielded 
stat is t ical ly s ignif icant  effects  on a corre la ted  t-test (t = 
3.t)~), dr2 and t = 4 .52,  d)"3 respect ively;  p<0 .05} .  

h.'lJects of chh)rpromazine on the CAR behav ior  (fig. 1) 
were signif icant  only at the 2 mg/kg  dose It = 4 .34,  d f 3 :  
p< 0.05 ). 

l:ffects or stitnulatiem and chh)rprotnazine combined  
wcrc not identical  for all animals  and p lacements ,  as is 
evidenl f rom Fig. 2. The 1 mg/kg dose. which  by itself  did 
nol affect the pe r fo rmance ,  coun te r ac t ed  the s t imula t ion  in 
all animals  and at all p lacentents ,  excep t  those not  in the  
i n t ended  area, br inging the pe r fo rmance  back to wi th in  one  
s tandard  devia t ion of  the mean  for the con t ro l  cond i t ion .  
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FIG. I. Effects of electrical stimulation at different intensities on the CAR performance for individual animals and placements with 
repeated applications of stimulation (left hand figures) and effects of different doses of chlorpromazine for individual animals (right 
hand figures). Left side electrode placement is indicated by I_,, right side placement by R. Standard deviation for the saline 

performance is indicated. 

When the  dose of  the  drug was increased to 2 mg the  per- 
fo rmance  was impai red  b e y o n d  the con t ro l  level. The  
excep t ion  was the  p l acemen t  wi th  the  negat ive re inforce-  
m e n t  proper t ies ,  where  this  dose was the  mos t  effect ive  one  
in c o u n t e r a c t i n g  the  s t imu la t i on  effect .  When this  high dose 
of  the  drug was c o m b i n e d  wi th  a low or i n t e r m ed i a t e  in ten-  
sity of  s t imu la t ion  the  result  was a greater  i nh ib i t i on  of  the  
CAR p e r f o r m a n c e  than  seen u n d e r  any  o the r  cond i t ion .  

The  o t h e r  measures  of  the pe r f o r m ance :  escape re spond-  
ing, n u m b e r  of  responses ,  and mean  response  t ime  did no t  
a t ta in  any s ta t is t ica l ly  s ignif icant  effects  as a consequence  
of  the  d i f fe ren t  t r ea tmen t s .  Escape p e r f o r m a n c e  and  mean  
response t ime  were a l te red  apprec iab ly  only  by  the  t reat-  
m e n t  c o m b i n a t i o n  of  2 mg of the  drug and 0.05 ma s t imu-  
la t ion,  bu t  this  was not  t rue for every p lacement .  The  
n u m b e r  of  responses  increased wi th  impai red  avoidance  
responding,  excep t  unde r  the cond i t i on  tha t  also impai red  
escape,  where  the  n u m b e r  of responses  was not  d i f fe ren t  
f rom the con t ro l  cond i t ion .  

D I S C U S S I O N  

The trace cond i t i oned  avoidance  response  is suppressed 
by cer ta in  in tens i t ies  of  electr ical  s t i m u l a t i on  to the  retic- 
ular fo rma t ion .  Repea ted  appl ica t ions  of s t imu la t i on  to the  
same p lacemen t s  show the  effect  to bc reliable. This impair-  
men t  is coun t e r ac t e d  by a dose of c h l o r p r o m a z i n e  tha t  by 
i tself  does  no t  in te r fere  wi th  the pe r fo rmance .  

The present  da ta  agree wi th  previous  f indings  wi th  some 

modi f ica t ions .  The CAR is more  res is tant  to d i s rup t ions  by  
b o t h  t r e a t m e n t s  and the specific in te rac t ions  be tween  st im- 
u la t ion  at re t icular  p l acemen t s  and the drug appear  to  have 
an o p t i m u m  at which  they  cancel the  effects  of each o ther .  

Differences  in basel ine rates of r esponding  have been  
shown to be of  great  i m p o r t a n c e  for effects  of  drugs and  
brain  s t imu la t ion  [1, 8, 9,J and may accoun t  for at least 
some of  the  d i f ferences  be tween  the  present  and previous  
findings. The CAR with  a s lower  pace and being pe r fo rmed  
very ef f ic ient ly  on a s table  level seems less suscept ive to the  
expe r imen t a l  manipu la t ions .  

The  i m p a i r m e n t  seen af te r  the high dose of  the  drug and 
low in tens i ty  s t imula t ion  had a d i f fe rent  prof i le  f rom tha t  
resul t ing f rom o t h e r  t r ea tmen t s .  The animals  o f t en  did not  
escape the  foot  shock  or had a very long la tency.  In addi-  
t ion,  there  was no increase of the  n u m b e r  of wheel  turns  as 
a consequence  of  the  many  shocks  received,  as was the  case 
at e.g. 2 mg of  ch lo rp romaz ine ,  or this dose of  the  drug and 
high in tens i ty  s t imu la t ion ,  suggesting a more  severely dis- 
rup ted  pe r fo rmance .  In many  ins tances  there  was a wheel  
tu rn ing  response  to the brain  s t imu la t ion  and no response  
to the  CS tha t  fol lowed,  which may indicate  tha t  the  high 
dose of  the  drug could have reduced reac t ions  to the  per iph-  
eral signal, while  the cent ra l  s t imu la t ion  at this in tens i ty  
still was having some effect  [ 4 ] .  With high in tens i ty  s t imu-  
lat ion,  the a rousa l -a t t enua t ing  effects  of  the drug was de- 
creased leaving the  animals  more  capable  of  an a d e q u a t e  
reac t ion .  The high dose of  c h l o r p r o m a z i n e  toge ther  wi th  
the high in tens i ty  s t imula t ion  in most  cases yielded an 
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FIG. 2. Effects of  saline or different doses or" chlorpromazine and (1.10 (I.15 ma 
st imulation for individual animals and placements.  Animal 432 right electrode place- 
ment  showed negative reinforcement properties. Animal 430 had its left placement 

outside the reticular formation and the right one on the borderline. 

i m p a i r e d  a v o i d a n c e  p e r f o r m a n c e ,  h o w e v e r ,  t h e  e s cape  
r e s p o n d i n g  was  n o t  i m p a i r e d  and  n u m b e r  o f  r e s p o n s e s  o r  
m e a n  r e s p o n s e  t i m e  we re  n o t  a l t e r ed  f r o m  c o n t r o l .  

T h e  c h l o r p r o m a z i n e  reversa l  e f f e c t s  on  i m p a i r m e n t  o f  
p e r f o r m a n c e  as a r e su l t  o f  r e t i c u l a r  f o r m a t i o n  s t i m u l a t i o n  
d o  n o t  a p p e a r  to  be  l i m i t e d  to  t h e  f o o d - r e i n f o r c e d  a t t e n -  

t i on  tes t s .  Nor  can  t h e y  be  said to  be  a f u n c t i o n  o f  r e i n f o r c -  
ing  e f f e c t s  o f  t h e  s t i m u l a t i o n ,  as t he  reversa l  o c c u r r e d  at 
p l a c e m e n t s  l a c k i n g  t h e s e  p r o p e r t i e s ,  l l o w e v e r ,  t h e  spec i f i c  
i n t e r a c t i o n  e f f e c t s  o f  d r u g  d o s a g e  a n d  s t i m u l a t i o n  i n t e n s i t y  
s e e m  to  be  d e p e n d e n t  on  the  p a r a m e t e r s  o f  t h e  i n d i v i d u a l  
t e s t .  
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