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Effect of clonidine on the noradrenerg ic  cyclic A M P  generat ing  s y s t e m  in the l imbic  forebrain 
and on media l  forebrain bundle  se l f - s t imula t ion  behavior  1 
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Summary. The p resen t  resul ts  show t h a t  clonidine does no t  mimic  the  agonis t  ac t ion of norep inephr ine  (NE) on the  
noradrenerg ic  cyclic A M P  genera t ing  sys t em of the  l imbic forebrain,  bu t  an tagonizes  the  s t imu la to ry  effect  of N E  while 
no t  inf luencing the  act ion of isoprenaline.  In  se l f -s t imulat ion behavior ,  clonidine decreases  respond ing  and blocks the  
faci l i ta t ion caused b y  d - a m p h e t a m i n e .  

A n u m b e r  of physiological  and  pharmacologica l  da t a  are 
cons i s t en t  w i th  the  view t h a t  t he  p o t e n t  an t i -hype r t ens ive  
ac t ion  of clonidine m a y  be the  consequence  of its mim-  
icking norep inephr ine  (NE) a t  cen t ra l  a - ad rene rg i c  re- 
cep tor  si tes *-6. B o t h  a p re synap t i c  ac t iva t ion  of a-re- 
cep tors  leading to  a reduc t ion  in the  release of N E  in 
b ra in  s, ~ and  a d i rec t  s t imula t ion  of cent ra l  pos t - synap t i c  
recep tors  4, 5 have  been  impl ica ted  in the  mode of ac t ion  
of clonidine.  
Prev ious  s tudies  f rom this  l abo ra to ry  have  d e m o n s t r a t e d  
t h a t  slices f rom the  l imbic forebra in  of ra t s  con ta in  a 
cyclic AMP genera t ing  sy s t em wi th  proper t ies  compat ib le  
w i th  those  of a cent ra l  noradrenerg ic  receptor  d isp laying 
par t i a l  f l-characterist icsg,  l~ Because se l f -s t imulat ion 
behav io r  is se lect ively af fec ted  by  drugs  t h a t  inf luence 
cent ra l  ca techo lamine  and  par t i cu la r ly  noradrenergic  
t ransmiss ion  11, i t  was of in t e res t  to inves t iga te  the  effects  
of c lonidine on b o t h  the  l imbic noradrenergic  receptor  
coupled adeny la t e  cyclase sy s t em and  on se l f -s t imulat ion 
responding.  
Materialand methods. Male Sprague-Dawley  ra ts  (Sprague-  
Dawley,  Madison,  Wisconsin)  weighing 180-250 g were 
used for b iochemical  s tudies.  The ra t s  were decap i t a t ed  
and  slices f rom indiv idual  ha lves  of the  l imbic forebra in  

area were p repa red  and  incuba ted  in Krebs -Ringer  bi- 
ca rbona te  buffer  (pH 7.4; 95% 02, 5% CO2) according 
to s l ight ly  modif ied  procedures  of Kakiuchi  and Ral112 
as descr ibed in detai l  b y  B lumberg  et  al. 9. The slices 
were homogenized  using a Po l y t ro n  homogenizer  in 
3.5 ml  of 0.3 N perchlor ic  acid. P ro te ins  were assayed in 
a 0.5 ml  a l iquot  according to  Lowry  et  al. 13. Cyclic A M P  
in the  remain ing  3 ml  was isolated by  ion exchange  
c h r o m a t o g r a p h y  (Dowex AG 50-W-X8;  100-200 mesh ;  
H + form) and assayed according to Gi lman x~. For  the  
se l f -s t imula t ion  s tudy,  2 animals  (F344 strain,  Micro- 
biological Ass., Walkersvi l le ,  MD) were imp lan ted  in the  
media l  forebrain  bundle  (coordinates  using head  or ienta-  
t ion of K6nig  and  IZlippe115 4.9 m m  anter ior  to in te raura l  
line, 1.5 m m  lateral  to saggital  suture,  7.5 m m  deep f rom 
top  of skull), and t e s t ed  according to  the  procedure  
descr ibed in deta i l  by  Le i th  and  Ba r r e t t  16. 
Results and discussion. N E  caused a dose d e p e n d e n t  
s t imula t ion  of the  accumula t ion  of cyclic AMP wi th  a 
m a x i m u m  effect  occurr ing be tween  1O and  50 [xM (figure 
1A). The ECs0 value (concent ra t ion  of N E  which causes 
half  max ima l  s t imulat ion)  is app rox ima te ly  8 [xM. In  
cont ras t ,  clonidine and the  a-agonis t  pheny lephr ine  failed 
to  apprec iab ly  change  the  concen t ra t ion  of cyclic A M P  
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Fig. 1, A Effect of various concentrations of (-)norepinephrine (NE), 
elonidine (CLO) and phenylephrine (PHE) on the accumulation of 
cyclic AMP in slices from the limbie forebrain of rats. Tissue slices 
were exposed to various concentrations of drugs for 10 rain. Basal 
control values were 22.6 4-1.7 pmoles cyclic AMP/rag protein. 
B Effect of elonidine (CLO) and phenylephrine (PHE) on the cyclic 
AMP response elicited by either 5 [zM (-) norepinephrine (NE) or 
10 [zM (-)isoprenaline (ISO). Clonidine and phenylephrine were 
added 24 rain, NE or isoprenaline 10 rain before terminating the in- 
cubation. Basal control values were 23.4 4- 1.4 pmoles cyclic AMP/ 
mg protein. All data are expressed as the mean percentage of control 
values 4- SEM. N = 8-20; *p < 0.01. 
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Fig. 2. The effects of various doses of cloni- 
dine, d-amphetamine or elonidine % d-am- 
phetamine on self-stimulation responding. 
Clonidine and/or amphetamine were injected 
i.p. 5 min prior to the test session after daily 
responding became stable. Each panel repre- 
sents the data of a single animal. Control data 
is the X • SD of the 3 control days which 
preceded each of the 3 elonidine test days. 
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up  to c o n c e n t r a t i o n s  of 500 ~xM. However ,  b o t h  d rugs  an-  
t agon i zed  t he  s t i m u l a t o r y  effect  0I N E  while  n o t  signi- 
f i c a n t l y  c h a n g i n g  t he  cyclic A M P  response  to  t he  fl- 
agon i s t  i soprena l ine  (figure 1B). 
T h e  u p p e r  p a n e l  of f igure 2 i l l u s t r a t e s  t h e  effects  of 
c lon id ine  on  se l f - s t imula t ion  behav io r .  The  d rug  c lear ly  
p roduces  a dose- re la ted  depress ion  of se l f - s t imula t ion  
responding .  A t  t he  lower doses for each  an imal ,  t h i s  de- 
p ress ion  is seen on ly  a t  t he  lower c u r r e n t  in tens i t i es  while  
r e s p o n d i n g  r e m a i n s  m a x i m a l  a t  t he  h i ghes t  in tensi t ies ,  
i n d i c a t i n g  t h a t  t he  decreased  r e s p o n d i n g  is n o t  due  to 
a genera l  phys i ca l  deb i l i t a t i on .  In  add i t ion ,  as seen in 
t h e  lower  po r t i on  of f igure  2, c lonid ine  effect ively  b locks  
t he  f ac i l i t a t ion  p roduced  b y  d - a m p h e t a m i n e .  
Whi le  e lec t rophys io logica l  e v i d e n c e  ind ica tes  t h a t  clo- 
n id ine  can  mimic  t he  i n h i b i t o r y  e f fec ts  of N E  on in- 
d iv idua l  neu rones  t~, t he  p r e s en t  resu l t s  d e m o n s t r a t e  t h a t  
c lonidine ,  l ike pheny l eph r i ne ,  an t agon izes  the  s t i m u l a t o r y  
effect  of N E  on  t h e  a c c u m u l a t i o n  of cyclic A M P  in slices 
of t h e  l imbic  fo rebra in .  S imi la r  u n e x p e c t e d  no rad rene rg ic  
b lock ing  p rope r t i e s  of c lonid ine  on  cen t r a l  cyclic A M P  
g e n e r a t i n g  sy s t ems  h a v e  been  d e m o n s t r a t e d  in r a t  cor t ica l  
slices 18. 

The  b e h a v i o r a l  d a t a  also show t h a t  c lonid ine  does no t  
mimic  N E  since se l f - s t imula t ion  r e s p o n d i n g  is decreased  
b y  c lonid ine  whereas  th i s  b e h a v i o r  ha s  been  r epo r t ed  to  
be  fac i l i t a t ed  b y  i n t r a v e n t r i c u l a r  N E  19. The  fac t  t h a t  
c lonid ine  b locks  t he  a m p h e t a m i n e  i nduced  fac i l i t a t ion  
of t h e  b e h a v i o r  could s u p p o r t  t he  v iew t h a t  c lonidine  
can  exe r t  c en t r a l  no rad rene rg ic  b lock ing  proper t ies ,  
s ince N E  is t h o u g h t  to  be i m p o r t a n t  for  a m p h e t a m i n e ' s  
effects  on  th i s  b e h a v i o r  s0. However ,  whi le  the  b iochemi-  
cal d a t a  d e m o n s t r a t e  t h a t  c lonidine  does no t  mimic  b u t  
b locks  t he  agon i s t  a c t i v i t y  of N E  on t h e  l imbic  N E  recep- 
to r  coupled  a d e n y l a t e  cyclase sys tem,  t he  b e h a v i o r a l  
d a t a  could also be  i n t e r p r e t e d  as be ing  t he  consequence  
of a r e d u c t i o n  in the  ava i l ab i l i t y  of N E  due  to p r e synap t i c  
a - s t i m u l a t i o n  b y  t he  drug.  
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