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Effects  of Certa in  P s y c h o p h a r m a c a  on I n t r a -  
n e u r o n a l  Leve l s  of 5 - H T  and C a t e c h o l a m i n e s  in 
the  Spec i f i c  M o n o a m i n e  N e u r o n s  of  the  Rat  B r a i n  

l~onoamine  oxidase  (MAO) inhibi tors  increase t h e  
levels of 5 -hydroxy t ryp tamine  (5-HT) in the  brain,  bu t  
the  e f f ec t s  differ  g rea t ly  w i t h  the  par t i cu la r  inh ib i to r  
used and wi th  t he  species of an imal  ~-4. I t  has  recen t ly  
become possible to s tudy  the i r  act ion also a t  the  cel lular  
level  s. I n  un t rea ted  animals ,  5 -HT accumula ted  a lmos t  
exclusively  wi th in  nerve  te rmina ls  be longing to specific 
5 -HT neurons;  the  cell  bodies, on  the  o the r  hand,  have  
v e r y  smal l  concentra t ions ,  those  in the i r  axons be ing  so 
low t h a t  i t  is impossible to  visual ize t h e m  even  wi th  the  
h ighly  sensi t ive f luorescence m e t h o d  of FALCK and HIL- 
LARPe, L I t  was found,  however ,  t h a t  in mice and rats  a 
v e r y  m a r k e d  increase occurs no t  only  in t he  t e rmina l s  
b u t  also in the  cell  bodies and axons fol lowing t r e a t m e n t  
w i th  e i ther  one of the  two chemica l ly  different  MAO inhi-  
b i tors  n ia lamide  ( i son ico t iny l -benzylcarbamyle thy lhydra-  
zine) and MO-911 (N-benzy l -N-methy lpropynylamine) .  
Ip ron iaz ide  (N-isopropyl-N-isonicotinylhy.drazine) gave  a 
s imilar  b u t  less marked  increase. 

Noradrena l ine  in t h e  specific ca techo lamine  neurons  
showed no clear  increase, b u t  the  te rmina ls  normal ly  h a v e  
such h igh  concent ra t ions  of s tored amines  t h a t  even  a 
fa i r ly  large increase could r ema in  undetec ted .  

The  effects of cer ta in  o ther  MAO inhibi tors  of di f ferent  
chemical  s t ruc ture  h a v e  now been s tud ied  b y  means  of the  
f luorescence m e t h o d .  The  results  axe repor ted  in the  
present  paper.  

The  effects of imipramine  and t e t r abenaz ine  on the  
in t raneurona l  amine levels were also examined.  Imipra -  
mine  has  p rev ious ly  been repor ted  to  induce  an  increase 
in the  bra in  5 -HT s. Tet rabenazine ,  like reserpine, is 
known to  deple te  t he  stores of monoamines  9'~°. I t s  chem-  
ical s t ruc ture  is qui te  di f ferent  f rom t h a t  of reserpine 
and its effects are shor t - las t ing ins tead of long-last ing.  

Male albino ra ts  (b. wt .  150-250 g) were d iv ided  into 
groups of e ight  animals,  which were g iven  a single in t ra-  
per i toneal  dose of 2 -phenylcyc lopropylamine  (Tranyl-  
cypromine ;  5 and 10 mg/kg),  ~-phenyl i sopropylhydraz ine  
( J B  516, Catron®; 5 and  15 mg/kg),  i socarboxazide (Mar- 
plan@; 5 and 15 mg/kg),  imipramine  (Tofranil®; 50 and 
150 mg/kg) ,  or t e t rabenaz ine  (Nitoman®; 50 and 150 
mg/kg).  Other  animals  were used as controls .  H a l f  of t he  
animals  were killed 4 h and the  o ther  half  20 h af ter  ad-  
min i s t ra t ion  of t he  drugs. The  animals  were k e p t  a t  a t e m -  
pe ra tu re  of abou t  + 29°C for 11/2 h before killing, since the  
monoamine  metabo l i sm will  be considerably  decreased if 
h y p o t h e r m i a  develops !L 

The  animals  were killed by  decapi ta t ion  under  l ight  
e ther  anesthesia.  T h e  medul la  oblongata ,  ports and  
mesencephalon  were removed ,  freeze-dried, t r ea ted  wi th  
fo rmaldehyde  gas, embedded  in paraff in,  and  sec t ioned as 
described b y  DhHLSTR6M and F u x E  6. The  fo rma ldehyde  
t r e a t m e n t  results in a convers ion of p r i m a r y  catechol-  
amines  and 5-HT to  in tense ly  f luorescent  products .  

B o t h  doses of 2-phenylcyc lopropylamine  and fl-phenyl- 
i sopropylhydraz ine  p roduced  a s t rong ye l low fluorescence 
in t he  cell bodies, axons,  and te rmina l s  of t he  5 -HT 
neurons 4 h af ter  adminis t ra t ion .  The  fluorescence 
microscopical  p ic ture  was abou t  t he  same as t h a t  observed  
4-6  h a f te r  n ia lamide  (100-500 mg/kg) or  MO-911 (300- 
400 mg/kg)6. Af te r  20 h of t r ea tmen t ,  a m e d i u m  increase 
was observed - especial ly wi th in  t he  cell bodies. I n  a bio- 
chemica l  s tudy,  T rany lcypromine  was found to  induce a 
rap id  and h igh  increase in t h e  5 -HT con ten t  of the  r a t  

b ra in  s tem,  showing a peak  a t  abou t  4 hts.  Levels  of 
noradrenal ine  were far  less affected.  

Isocarboxazide ,  on the  o ther  hand,  caused a far  less 
marked  increase in t he  yel low fluorescence of t he  5 -HT 
neurons 4 h af ter  adminis t ra t ion ,  even  a t  the  h igher  dose 
level.  A smal l  and  somet imes  m e d i u m  increase was ob- 
served in t he  cell bodies and axons of the  neurons,  while 
t he  te rmina ls  were  unaffected.  The  doses used, however ,  
were p robab ly  too  lowL Af ter  20 h t he  effect  was st i l l  
weaker  and  the  axons could of ten  no t  be observed.  None 
of t he  MAO inhibi tors  caused a n y  cer ta in  increase in the  
green f luorescence of the  ca techolamine  neurons.  

All s ix of t he  MAO inhibi tors  so far  examined  - al- 
t hough  t h e y  belong to qui te  di f ferent  chemical  categories  
- give the  same qua l i t a t i ve  changes,  n a m e l y  an increase 
in the  5 -HT levels in t h e  cell  bodies and  axons  of t he  
specific 5 -HT neurons  and also in the i r  terminals ,  where  
5 - H T  is no rmal ly  s tored in h igh  concentra t ions .  W h e n  the  
drugs are adminis te red  in doses known f rom m a n y  bio- 
chemica l  s tudies to  produce  an efficient  inh ib i t ion  of 
bra in  MAO and  a 5 - H T  con ten t  which is two  to several  
t imes  h ighe r  t h a n  t h a t  no rmal ly  present ,  the  increase in 
in t raneurona l  5 -HT is marked  to  v e r y  marked .  No o t h e r  
s t ruc tures  in the  bra in  h a v e  been found to  conta in  5 -HT 
in amoun t s  s ignif icant  f rom a q u a n t i t a t i v e  po in t  of view. 
The  findings of this and previous  studies 5,1a thus  s t rongly  
suppor t  t he  v iew t h a t  the  increase in 5 -HT b iochemica l ly  
demons t r a t ed  to  occur  in t he  b ra in  and  spinal  cord on 
MAO inhibi t ion  is due to t he  raised levels of the  amine  in 
the  specific 5 -HT neurons.  The  ca techolamines  in t h e  r a t  
b ra in  are  usual ly  affected to a much  lesser degree x~,x4,x6. 
This,  and the  fact  t h a t  even  a fa i r ly  large increase could 
remain  unde tec ted  in the  t e rmina l s  (see above),  where  
mos t  of the  ca techolamines  are  localized, m a y  expla in  
w h y  no or  on ly  a s l ight  increase a has  been  observed  in t h e  
noradrenal ine  neurons.  

Fol lowing the  admin i s t r a t ion  of imipramine ,  t h e  t e rmi -  
nals and  axons  of t he  5 -HT neurons appeared  as in normal  
animals  while the  cell bodies seemed to  show a sl ight  in- 
crease. No obvious  changes were observed  in t he  ca te-  
cholamine  neurons.  

Te t rabenaz ine  (4 h, 50, and 150 mg/kg) caused a com- 
plete  d isappearance  of t he  f luorescence in the  cell bodies, 
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axons  a n d  t e r m i n a l s  of t he  c a t e c h o l a m i n e  a n d  5 - H T  
n e u r o n s  al ike,  w i t h  t h e  e x c e p t i o n  t h a t  a sma l l  n u m b e r  of 
t e r m i n a l s  were  s t i l l  o b s e r v e d  w i t h  t h e  lowes t  dose. A n  
a l m o s t  c o m p l e t e  r e c o v e r y  occu r red  20 h a f t e r  t h e  ad -  
m i n i s t r a t i o n  of t h e  lowes t  dose. T h e  t e r m i n a l s  showed,  
however ,  s o m e w h a t  r educed  f luorescence in t ens i ty .  W i t h  
t h e  h i g h e r  dose  also, t h e  cell  bod ies  of t h e  c a t e c h o l a m i n e  
n e u r o n s  h a d  a s o m e w h a t  r educed  in t ens i t y .  

Tei le  d e r  m o n o a m i n h a l t i g e n  N e u r o n e n ,  gefolgt  v o n  e iner  
schne l l en  N e u b i l d u n g  y o n  M o n o a m i n e n  ~6. 

V.  BARTONI~K 17, A. DAHLSTROM, 
a n d  K. F u x ~  

Department o/ Histology, Karolinsha Instituter, 
Stockholm (Swede~), Ju l y  2d, 196d. 

Zusamrnen/assung. Die  Z u n a h m e  v o n  5-HT,  welche  
s ich  i m  G e h i r n  de r  R a t t e  n a ~ h  V e r a b r e i c h u n g  v o n  che-  
misch  sehr  v e r s c h i e d e n e n  G a n g l i e n b l o c k e r n  vol lz ieht ,  
k o n n t e  m i t  Hi l fe  e iner  h o c h e m p f i n d l i c h e n  h i s t oche mi -  
s c h e n  M e t h o d e  au f  spezif ische 5 : H T - N e u r o n e n  loka l i s ie r t  
werden ,  d e r e n  ZelIk6rper ,  A x o n e n  u n d  T e r m i n a l e n  schne l l  
i h r e n  A m i n g e h a l t  v e r m e h r e n  k 6 n n e n .  Bei  den  K a t e c h o l -  
a m i n - N e u r o n e n  k o n n t e n  ke ine  d e u t l i c h e n  Ve r t i nde run g en  
b e o b a c h t e t  werden .  T e t r a b e n a z i n e  v e r u r s a c h e n  eine 
schnel le ,  r o t a t e  E n t l e e r u n g  de r  M o n o a m i n d e p o t s  a l le r  
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E M G  R e s p o n s e s  t o  C a p s u l a r  S t i m u l a t i o n  
i n  t h e  H u m a n  

Capsu l a r  s t i m u l a t i o n  is c o m m o n l y  used  d u r i n g  s te reo-  
t a c t i c  o p e r a t i o n s  t o  he lp  in  i den t i f y ing  some deep  s t ruc -  
t u r e s  a n d  to  a v o i d  d a m a g e  to  t h e  cor t i co-sp ina l  t r a c t  1. I n  
t h i s  p a p e r  some o b s e r v a t i o n s  c o n c e r n i n g  t h e  l a t e n c y  a n d  
t h e  e l e c t r o m i o g r a p h i c  (EMG) chara~:ter is t ics  of m o t o r  re- 
sponses  o b t a i n e d  in  m a n ,  b y  s t i m u l a t i n g  t h e  co r t i co - sp ina l  
t r a c t  a t  capsuLar level,  a re  r e p o r t e d .  T h e  a v a i l a b l e  l i t e ra -  
t u r e  on  t h i s  s u b j e c t  is v e r y  poo r  ~. 

Our  d a t a  h a v e  been  o b t a i n e d  d u r i n g  s t e r eo t ac t i c  opera -  
t i ons  p e r f o r m e d  u n d e r  local  a n a e s t h e s i a  in  p a t i e n t s  af- 
f ec ted  b y  P a r k i n s o n ' s  disease,  u s ing  t h e  s t e r e 0 t a c t i c  
e q u i p m e n t  of  TALAIRACH s. Capsu l a r  s t i m u l a t i o n s  h a v e  
b e e n  p e r f o r m e d  us ing  t h e  W y s s  m o n o -  or  b ipo l a r  elec- 
t rode .  S t i m u l a t i o n  p a r a m e t e r s  : m o n o p h a s i c  s q u a r e  
w a v e s ;  s ingle  pulses  or  w i t h  a f r e q u e n c y  f r o m  1 to  10 c /s ;  
pu l se  d u r a t i o n  1 to  5 msec ;  1 to  4 V, T h e  m u s c u l a r  re-  
sponses  were  r eco rded  b y  mac ro -e l ec t rodes  (needle  o r  
sur face  e lect rodes)  o n  a t w o - c h a n n e l  oscil loscope (Poly-  
s c o p - H o r s t f e h r ) :  one  c h a n n e l  was  u sed  to  r eco rd  t h e  
s t i m u l u s  a r t i f a c t ,  t h e  o t h e r  one  to  r ecord  t h e  m u s c u l a r  
response .  

S t i m u l a t i o n  of t he  i n t e r n a l  c a p s u l a  w i t h  s ingle  shocks  
(1-5 msec,  1 -4  V) e v o k e d  responses  local ized to  t h e  mus -  
c u l a t u r e  of t h e  c o n t r a l a t e r a l  s ide of t h e  b o d y  in  t h e  fo rm 
of Violent  m u s c u l a r  j e rks ;  r e sponses  on  t h e  h o m o l a t e r a l  
s ide of t h e  b o d y  h a v e  n e v e r  b e e n  o b t a i n e d .  The  e v o k e d  
m o t o r  r e sponse  cons i s ted  of c o n t r a c t i o n  of a s ingle  musc l e  
or, m o r e  of ten ,  of m a n y  muscles .  W i t h  s t imu l i  of g r e a t e r  
s t r e n g t h ,  t h e  responses  a lways  a p p e a r e d  in c o m p l e x  
musc le  s y s t e m s  of t h e  two  l imbs .  Because  t h e  r e sponse  
gene ra l ly  i n v o l v e d  agon i s t  a n d  a n t a g o n i s t  muscles ,  t h e  
a m p l i t u d e  of  l i m b  m o v e m e n t s  was  gene ra l ly  s m a l l  a n d  i t  
was  v e r y  d i f f icul t  s o m e t i m e s  to  i d e n t i f y  b y  cl inical  obser -  
v a t i o n  all  t h e  muscles  involved .  T h e  j e rks  o b t a i n e d  in  a 
musc le  in a state of c o m p l e t e  r e l axa t i on ,  using rhythmical 
s t i m u l i  (1 to  4 c/s), seemed,  on  c l inical  o b s e r v a t i o n ,  to  b e  

of t h e  s a m e  a m p l i t u d e ;  t h e  E M G  records ,  on  t h e  c o n t r a r y ,  
d e m o n s t r a t e d  s m a l l  c o n t i n u o u s  v a r i a t i o n s  of a m p l i t u d e .  

T h e  l a t e n c y  b e t w e e n  t h e  b e g i n n i n g  of t h e  s t imu lus  a n d  
t h a t  of t h e  E M G  responses  was d i f f e ren t  for t h e  va r ious  

Fig. 1. Capsular stimulation. Parameters: 1 msec, 2 V. Different 
latency of muscular response in various districts of the body. 
M. orbicularis oris: 8-9 msee. M. extensor digitorum commtmis: 13 

msec. Thenar: 16 msec. M. tibialis anterior: 27-60 msec. 

I G. GUIOT, M. SACHS, E. HERTZOG, S. BRION, J. ROUGERIE, J. C. 
DALLOZ, and F. NAPOLEONE, Neurochirurgie 6, 17 (1959). - J. A. 
G&NGLBERGER, Exc. reed. Int. Congr. Ser. 60, 123 (1963). 

3 R. G. BICKFORD, E. H. LAMBERT, P. F. DONOVAN, ]~. A. RODIN, 
and H. J. SvtE~, Eleetroenceph. clin. Neurophysiol. 7, 468 (1955}. - 
V. SK0~PIL and V. VLADYKA, Int. EMG Meeting, Copenhagen 
(1963}, Abstr. 168. 

a j .  TALA~RACH, M. DAy]v, P. TOUR~OUX, H. COrRiDOR, and T. 
KVASINA, Atlas d'anatoraie stdr~otaxifue (Masson, Paris 1957). 


