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ROBERTSON, A., J. KUCHARCZYK AND G. J. MOGENSON. Sel):stimulation of the subfornical organ and lateral 
hypothalamus: differential effects of atropine and methysergMe. PHARMAC. BIOCHEM. BEHAV. 7(2) 173 176, 
1 9 7 7 . -  The effects of cholinergic blockade of neurons by atropine or serotonergic blockade by methysergide was 
investigated in rats responding for brain-stimulation reward. Bipolar stimulating electrodes were placed either in the 
subfornical organ (SFO) or the lateral hypothalamus (LH). Atropine sulphate and methysergide significantly suppressed 
self-stimulation of the SFO but not of the LH, suggesting that cholinergic and serotonergic neurons are involved in 
brain-stimulation reward associated with this site. 
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THE S U B F O R N I C A L  organ (SFO),  which  has  gained 
p r o m i n e n c e  as the  possible  site of  the  dipsogenic  effects  of 
ang io tens in  II [ 4 , 1 4 ] ,  has  been  shown  recen t ly  to  subserve 
bra in  s t imu la t i on  reward [ 11] .  There  is ev idence  t ha t  this  
s t ruc tu re  con t a in s  d o p a m i n e  or  no rad rena l i ne  [3, 6, 12] ,  
b o t h  h y p o t h e s i z e d  to med ia t e  se l f - s t imula t ion  [ 7 , 1 0 ] .  
However  the  SFO may  c o n t a i n  ace ty l cho l ine  [ 1, 3, 5] and 
s e ro ton in  [ 6 ] .  The poss ibi l i ty  tha t  these n e u r o t r a n s m i t t e r s  
play a role in se l f - s t imula t ion  of  the  SFO was inves t iga ted  
by  admin i s t e r ing  a t rop ine ,  a chol inergic  an tagon is t ,  and 
me thyse rg ide ,  a se ro tonerg ic  an tagon i s t ,  to  rats  self- 
s t imula t ing  t h r o u g h  SFO e lec t rodes .  F o r  compar i son ,  the 
effects  of  these  drugs on  se l f - s t imula t ion  of  the lateral  
h y p o t h a l a m u s  (LH) was also examined .  

METHOD 

Male a lb ino  rats  weighing 2 5 0 - 3 0 0  g at  the  t ime of  
surgery were used in the  s tudy.  The an imals  were indivi- 
dual ly housed  in wire mesh  cages in a t empe ra tu r e -  
con t ro l l ed  room wi th  l ights  on  f rom 7 : 0 0  a.m. to 9 :00  p.m. 
and  wi th  tap wate r  and Pur ina  rat  c h o w  available ad lib. 
Rats  were anaes the t i zed  wi th  sod ium p e n t o b a r b i t a l  ( 4 0 - 5 0  
mg/kg  IP) and  were i m p l a n t e d  u n d e r  s te reo tax ic  con t ro l  

wi th  b ipolar  e lec t rodes  (Plastic P roduc t s  Co., Roanoke ,  V),  
1 2 7 u  in d i ame te r  and  insula ted  excep t  for  the cross- 
sect ional  area at the tips. With the incisor  bar  5.0 m m  above 
the in teraura l  l ine,  e lec t rodes  were i m p l a n t e d  in to  the  
subforn ica l  organ (12 ° f rom the  vert ical  midl ine ,  0.0 mm 
an te r io r  to bregma,  1 . 0 r a m  lateral ,  and  4 . 4 - 4 . 5 m m  
ventra l  to dura)  and in the media l  par t  of  the lateral 
h y p o t h a l a m u s .  

Fo l lowing  a one-week  recovery  per iod,  the animals  were 
tes ted for  se l f -s t imula t ion .  Test ing took  place in a Plexiglas 
box  (30 × 16 x 30 cm)  wi th  a lever at one end which  could  
be depressed wi th  a force of  16 g to deliver a 0 .20 sec t ra in  
of electrical  s t imula t ion .  The  s t imula t ing  waveform pro- 
vided by a Grass $44 s t imu la to r  cons is ted  of  m o n o p h a s i c  
rec tangular  pulses of  0 .20 msec du ra t i on  p resen ted  at  80 Hz 
t h rough  a Grass s t imulus  isolat ion uni t .  Cur ren t  was 
m o n i t o r e d  c o n t i n u o u s l y  on an oscil loscope.  

Fo r  animals  in which  se l f -s t imula t ion  occurred ,  tes t ing 
was c o n t i n u e d  daily in one-hal f  h r  sessions and cu r r en t  was 
kep t  c o n s t a n t  at sup ra th re sho ld  levels which  genera ted  
a p p r o x i m a t e l y  equal  response  rates  be tween  groups  of rats. 
Drugs were admin i s t e red  on ly  a f te r  response  rates  were 
s table (i.e., a change f rom one day to the nex t  of  less than  
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FIG. 1. Coronal section of a rat brain showing a representative electrode placement in the subfornical organ. The tip of the 
electrode, indicated by the arrow, lies in the lateral part of the subfornical organ. 

10:)~) over a m i n i m u m  of three  daily consecu t ive  tests. A 
m i n i m u m  of three  days was al lowed to elapse b e t w e e n  drug 
admin i s t r a t i on  and no  animals  received more  than  three  
d i f fe ren t  drug t r e a tm en t s .  

A t rop ine  su lpha te  and a t rop ine  m e t h y l  n i t ra te  were 
dissolved in 0.9% iso ton ic  saline and were admin i s t e r ed  (10, 
15, and 20 mg/kg,  IP) 20 min  before  test ing.  Animals  wi th  
e lec t rodes  in SFO received 10, 15 and 20 mg /kg  of  a t rop ine  
su lpha te  or a t rop ine  m e t h y l  n i t ra te ;  animals  wi th  e lec t rodes  
in Ltt  received 15 and 20 mg/kg  of  a t rop ine  su lpha te  or 
a t rop ine  m e t h y l  n i t ra te .  Methyserg ide  malea te ,  dissolved to 
a c o n c e n t r a t i o n  of  12.5 m g / m l  in 0.9(A saline and  0.1 N HC1 
and  ad jus ted  wi th  NaOH to a pH of 7.0, was admin i s t e red  
in a dose of 25 mg /kg  body  weight ,  IP, 20 rain before  
testing. Add i t iona l ly ,  three  ra ts  wi th  SFO e lec t rodes  were 
admin i s t e red  d - a m p h e t a m i n e  and l - amphe t amine  (1 mg/kg ,  
lP), 30 min  before  test ing.  

Upon  c o m p l e t i o n  of the  behaviora l  tests, rats were 
sacrif iced by an overdose  of sod ium pen toba rb i t a l .  Brain 
sec t ions  of 50 ** th ickness  were cut  using a freezing 
m i c r o t o m e  and  were s ta ined  wi th  t h i on i n  and e x a m i n e d  
u n d e r  a microscope .  Only  those  rats wi th  con f i rmed  
e lec t rode  p l acemen t s  in the SFO and  LH were inc luded  in 
the  results.  A represen ta t ive  e lec t rode  p l a c e m e n t  in the  
SFO is shown  in Fig. 1. 

R E S U L T S  A N D  D I S C U S S I O N  

Rates  of  se l f -s t imula t ion  af te r  var ious drug t r e a t m e n t s  
were ca lcu la ted  as percen tages  of the average response  rates  

for  the two preceding  test  sessions. The results  are 
p resen ted  in Fig. 2 and Table  1. A t r o p i n e  su lpha te  (10 
mg/kg)  admin i s t e red  to rats  wi th  SFO e lec t rodes  did no t  
p roduce  a s ignif icant  suppress ion  of  r e spond ing  compared  
to the ef fec t  of  a t rop ine  m e t h y l  n i t ra te  ( p < 0 . 0 5 ) .  When 
given 15 mg/kg  a t rop ine  su lphate ,  however ,  rats wi th  SFO 
e lec t rodes  showed  a s ignif icant  r educ t ion  of  response  rates 
( to  53% of  p redrug  levels) in compar i son  to the i r  rates  
when  admin i s t e red  a t rop ine  m e t h y l  n i t ra te  ( p < 0 . 0 5 )  or in 
compar i son  to rats wi th  LH e lec t rodes  given a t rop ine  
su lphate  ( p < 0 . 0 1 ) .  When admin i s t e red  20 mg/kg  a t rop ine  
su lphate ,  SFO rats r e sponded  at 47% of  p re in j ec t ion  levels, 
s ignif icant ly  lower  t h a n  the i r  rates fo l lowing a t rop ine  
m e t h y l  n i t ra te  ( p < 0 . 0 2 )  and lower  than  response  rates  of  
rats wi th  LH e lec t rodes  admin i s t e red  20 mg /kg  of  a t rop ine  
su lpha te  (p< 0.001 ). 

The admin i s t r a t i on  of 25 mg /kg  of  me thyse rg ide  did no t  
reduce se l f - s t imula t ion  of the  LH bu t  did, in compar i son ,  
s ignif icant ly  reduce  se l f -s t imula t ion  of  the SFO ( p < 0 . 0 0 5 ) .  

The a t t e n u a t i o n  of se l f -s t imula t ion  f rom the SFO when  
a chol inergic  an tagon is t  ( a t rop ine )  or a se ro tonerg ic  anta-  
gonis t  (me thyse rg ide )  were admin i s te red  suggests tha t  b o t h  
chol inergic  and sero tonerg ic  n e u r o n s  are involved in self- 
s t imu la t ion  of this area. A nonspeci f ic  effect  (general  
behaviora l  deb i l i t a t i on )  can be ruled ou t  since self- 
s t imu la t ion  of the LH was no t  similarly affected.  It has 
previously been  repor ted  tha t  a t rop ine  su lphate  [8] and 
methyserg ide  [ 13 ] have no  effect  on se l f -s t imula t ion  of  the 
LH. The re fo re  se l f -s t imula t ion  of  the SFO can be differen-  
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FIG. 2. Response rates for electrical stimulation of the subfornical organ (SFO) or lateral hypothalamus (LH) upon 
administration of atropine sulphate or atropine methyl nitrate (10, 15 or 20 mg/kg IP, 20 rain before testing) or 
methysergide (25 mg/kg IP, 20 min before testing). Response rates are expressed as percentages of preinjection rates. 

Vertical bars represent standard errors of the mean. The number of rats in each condition is indicated above each bar. 

T A B L E  1 

THE EFFECT OF d-  AND 1- AMPHETAMINE* ON SELF- 
STIMULATION OF THE SFOt 

Rat d I Difference 

38 347 172 175 

42 325 154 171 

43 265 128 137 

Mean difference 161 

* 1 mg/kg, IP. 
t Results expressed as percentage of preinjection response rates. 

t iated f rom self-s t imulat ion of  the LH by the responses  of  
animals to these drugs. 

Rates of self-s t imulat ion of  the SFO were increased 
fol lowing the adminis t ra t ion  of  bo th  isomers of  amphe ta -  
mine,  suggesting a possible role for ca techolaminergic  
neurons  [10] .  The greater  facil i tat ion of  self-s t imulat ion 
fol lowing d -amphe tamine  than fol lowing 1-amphetamine 
may indicate that  noradrenergic  neurons  might  be involved 
in self-st imulat ion of  the SFO [2, 9, 10].  On the o ther  
hand,  since self-st imulat ion of  the SFO is suppressed by 
spiroperidol ,  a dopamine  antagonis t  (unpubl ished obser- 
vations),  dopaminergic  neurons  might  also be involved. 
Because of  a recent  repor t  that  the SFO conta ins  bo th  
dopamine  and noradrenal ine  [12] it is possible tha t  
activation of  ca techolaminergic  neurons  con t r ibu te  to 
self-st imulat ion of  the SFO. Alternatively,  the a t t enua t ion  
of  self-s t imulat ion by spiroper idol  might  be the result o f  
motor ic  or o the r  nonspeci f ic  behavioral  effects .  
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