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t he  N a + , K + - p u m p ,  r a t h e r  t h a n  a decreased K+-con-  
d u c t a n c e  o u t  of t h e  a t r i a l  cell. However ,  t he  poss ib i l i ty  
should  n o t  be  eXcli~ded t h a t  a s t i m u l a t i n g  effect  of 
t a u r i n e  on  t h e  N a  +, K + - p u m p  was  a plausilSle e x p l a n a t i o n  
for  t h e  f ind ing  repor ted .  
T a u r i n e  Alone, a t  t he  do~es used, d id  no t  af fec t  con-  
t r a c t i l i t y  of t h e  h e a r t  a n d  a m o u n t s  of i n t r ace l lu l a r  K+ in 
b o t h  media .  Since i t  h a s  b e e n  shown  t h a t ,  a t  t he  s tage  a t  
w h i c h  d e v e l o p m o n t  of c o n t r a c t u r e  was induced  b y  large  
doses of ouaba in ,  t h e r e  were a n  increase  in Ca ++ c o n t e n t s  
a n d  a decrease  in K+ c o n t e n t s  in  h e a r t s  l~, t h e  poss ib i l i ty  
shou ld  also n o t  be  exc luded  t h a t  t a u r i n e  m i g h t  p r e v e n t  
t h e  increase  of t h e  i n t r ace l l u l a r  Ca++ c o n t e n t  a t  t h e  tox ic  
s tage  ( the  decrease  in  t h e  i n o t r o p i s m  a f t e r  t h e  large  doses 
of ouaba in ) .  On  t h e  o t h e r  h a n d ,  t he  p r e s e n t  a u t h o r s  1. 
r e p o r t e d  t h a t  a c o m b i n e d  t r e a t m e n t  of t a u r i n e  a t  t h e  dose 

of 3.0 raM, a n d  o u a b a i n  a t  doses r a n g i n g  f rom 0.5 t~M to  
2 ~M u n d e r  t h e  same  e x p e r i m e n t a l  cond i t ions  as t he  pre-  
sent ,  r esu l ted  in b o t h  p o t e n t i a t i o n  of t he  pos i t ive  ino t rop ic  
ef fec t  and  a n  increase  in in t r ace l lu la r  Ca++ con t en t s .  
O t h e r  a u t h o r s  h a v e  also r epo r t ed  t h a t  t a u r i n e  p r o m o t e d  

m y o c a r d i a l  u p t a k e  Of Ca +§ a n d  slowed a r a t e  of myo-  
ca rd ia l  loss of Ca++ 2o. Consequen t ly ,  t he  i n h i b i t o r y  effect  
of t a u r i n e  on  t h e  decrease  of t h e  ino t rop ic  ac t ion  of 
o u a b a i n  a t  t h e  doses used  m i g h t  n o t  be  concerned  in 
m o v e m e n t  of i n t r ace l lu l a r  Ca++. 
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Summary. H a r m a l i n e  induces  s y n c h r o n o u s  r h y t h m s  in b o t h  t h e  ce rebe l lum a n d  t h e  r ed  nuc leus  of t he  r abb i t .  The  
level  of s y n c h r o n i z a t i o n  is lower  in  t h e  red  nuc leus  t h a n  in t h e  cerebel la r  cor tex,  p r o b a b l y  because  t he  ce rebe l lo - rubra l  
p a t h w a y  a n d  t h e  red  nuc leus  neu r ons  on ly  pa r t i c i pa t e  poor ly  in  t h e  h a r m a l i n e - i n d u c e d  ol ivo-cerebel lar  r h y t h m .  

P r e v i o u s  i nves t i ga t i ons  2-7 h a v e  shown  t h a t  u n d e r  t he  
in f luence  of c e n t r a l  dep r e s s an t s  ( b a r b i t u r a t e s  in  p a r t i c u -  
lar),  s t r y c h n i n e  a n d  t e t a n u s  in tox ica t ion ,  s y n c h r o n o u s  
f requenc ies  c an  a lways  be  recorded  f rom t h e  ce rebe l lum 
(CB) a n d  red  nuc leus  (NR),  w h e r e b y  N R - n e u r o n s  fire in 
b u r s t s  t h a t  are  co r re l a t ed  w i t h  t he  respec t ive  cerebel lo-  
r u b r a l  r h y t h m .  E v i d e n c e  ha s  been  p r e s e n t e d  t h a t  t h e  
s y n c h r o n o u s  f i r ing  of these  neu r ons  a n d  t h e  N R - r h y t h m  

are in i t i a t ed  b y  ce rebe l lo - rubra l  p a t h w a y  *, ~. The  dis- 
charge  p a t t e r n  of NR-cel l s  is so d i s t i nc t l y  cor re la ted  w i t h  
t h e  cerebel la r  r h y t h m ,  as if t hese  un i t s  were u n d e r  t h e  
synap t i c  d r ive  of t he  cerebel la r  p a t h w a y  only.  
I n  s tud ies  on  t r e m o r  mechan i sms ,  L a m a r r e  e t  al. 8, 9 h a v e  
p r o v e d  t h a t  t h e  h a r m a l i n e - i n d u c e d  6-12 Hz  t r e m o r  is 
gene ra t ed  b y  r h y t h m i c  f i r ing  of o l iva ry  neu rons ;  these  
impulses  are t r a n s m i t t e d  to  sp ina l  levels m a i n l y  b y  t h e  
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Fig. 1. Effect of harmaline on the electrical activities of the cerebellum (CB) and red nucleus (NR). I Continuous record (EEG) from the CB; 
calibrations: 0.2 mV and 1 sec. I I  Power spectra of the eledtrocerebellogram. Each spectrum represents the analysis of a 10-see recording 
sample with a frequency resolution of 2 Hz. Numbers: total power (~V *) in arbitrary units. I I I  Simultaneous records from the CB and NR; 
calibrations: 0.2 mV and 1 sec. 
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cerebel la r  cor tex .  I n  add i t ion ,  r h y t h m i c  a c t i v i t y  of t he  
same f r e q u e n c y  was r ecorded  f rom t he  cerebel la r  v e r m i s  
b y  m e a n s  of gross e lec t rodes  1~ lz. Since our  inves t iga -  
t ions  2-7 h a v e  sugges ted  t h a t  u n d e r  v~f ious  e x p e r i m e n t a l  
cond i t ions  r h y t h m i c  impul ses  of t h e  cerebel lar  o u t p u t  
induce  r h y t h m i c  d i scharge  p a t t e r n s  of N R - n e u r o n s ,  
these  cells m i g h t  be  expec t ed  to  be  in f luenced  also b y  t h e  
h a r m a l i n e - i n d u c e d  o l ivo-cerebe l la r  r h y t h m .  
Material  and methods. Surg ica l  p rocedures  were pe r fo rmed  
on  male  r abb i t s ,  we igh ing  b e t w e e n  2.8 a n d  3.6 kg, u n d e r  
p r o p a n i d i d  anes thes ia ,  a n d  al l  w o u n d s  a n d  p ressu re  
p o i n t s  were  care fu l ly  i n f i l t r a t ed  w i t h  2 %  proca ine  h y d r o -  
chlor ide.  Fol lowing surgery ,  t he  r a b b i t s  were immobi l i zed  
b y  ga l l amine  t r i e t h i od i de  a n d  k e p t  u n d e r  ar t i f ic ia l  
r e sp i ra t ion .  Gross  e lec t rode  record ings  were m a d e  bi-  
po l a r ly  f rom t h e  CB (ma in ly  f rom t he  v e r m a l  p a r t  of t h e  
a n t e r i o r  lobe), a n d  in some e x p e r i m e n t s  also f rom t h e  NR.  
The  a c t i v i t y  of N R - u n i t s  was  r ecorded  ex t race l lu la r ly  b y  
m e a n s  of s teel  microe lec t rodes .  De ta i l s  of these  m e t h o d s  
h a v e  been  descr ibed  in p rev ious  publ ica t ions2 ,  6. A H P  
Signal  Ana lyze r  S y s t e m  (a 2108 A c o m p u t e r  a n d  a 5480 
Signal  Analyzer )  was  used for  c o m p u t a t i o n a l  procedures .  
H a r m a l i n e  h y d r o c h l o r i d e  a n d  h e x o b a r b i t a l  sod ium were  
i n j ec t ed  i n t r a v e n o u s l y  in doses of 5 m g / k g  a n d  20 m g / k g  
respec t ive ly .  
Results and discussion. 2-4  ra in  a f t e r  t h e  a d m i n i s t r a t i o n  
of h a r m a l i n e ,  t he  low-vo l tage  cerebel la r  a c t i v i t y  of t h e  
awake  immobi l i zed  a n i m a l  is rep laced  b y  h i gh - vo l t age  
r h y t h m s ,  t h e  f r e q u e n c y  of w h i c h  r e m a i n s  r o u g h l y  s t ab le  
in  t he  i n d i v i d u a l  ex pe r i m en t s ,  b u t  r anges  f rom 6 to 10 H z  
b e t w e e n  t h e  expe r imen t s .  T he  h a r m a l i n e - i n d u c e d  r h y t h m  
las ts  15-40 min.  D u r i n g  t h i s  pe r iod  t he  r h y t h m  c a n  
r e p e a t e d l y  be  i n t e r r u p t e d  for severa l  seconds  b y  low- 
vo l t age  f a s t  a c t i v i t y  (figure 1, I).  E l ec t roce rebe l log rams  
of 10-sec-dura t ion  were  t a k e n  for  spec t ra l  ana lys i s  a t  
10-min- in te rva l s ,  b e g i n n i n g  w i t h  t h e  f i rs t  m i n u t e  a f t e r  
h a r m a l i n e  a d m i n i s t r a t i o n  a n d  ca r r ied  on  to  t h e  f i r s t  
i n t e r r u p t i o n  of t he  r h y t h m  (figure 1, II) .  Th i s  f igure  

shows ,the s t a b i l i t y  of f r e q u e n c y  and  t h e  'wax ing  a n d  
w a n i n g  c h a r a c t e r  1, of t he  ha rma l ine - indUced  rhy"thm. 
S i m u l t a n e o u s  E E G - r e c o r d i n g s  of b o t h  t h e  CB and  N R  
h a v e  s h o w n  t h a t  u n d e r  t h e  inf luence  of  h a r m a i i n e ,  
rh3rfhrdS of ~de'ntical ; f requency a p p e a r  in  b o t h  s t ruc ture~  
(figure 1, I I I ) .  T h e  s tab i l i ty ,  s y n c h r o n y  a n d  a m p l i t u d e  
are  m u c h  lower  in  t h e  MR- t h a n  in t h e  C B - r h y t h m .  
Moreover ,  While h i g h l y  syneh rdn i zed  t l a rma l ine - induced  
r h y t h m  can  be  r ecorded  f rom t h e  CB, t he  N R - n e u r o n s  do 
n o t  fire in  such  a u n i f o r m  p a t t e r n  as, for ins t ance ,  t h e y  
do u n d e r  t h e  in f luence  of b a r b i t u r a t e s .  F i g u r e  2, I, dep ic t s  
t h e  ce rebe l la r  E E G  a n d  t h e  s i m u l t a n e o u s l y  recorded  
a c t i v i t y  of a MR-cell.  I n  c o m p a r i s o n  w i t h  t h e  o u t s t a n d i n g  
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Federal Republic of Germany (Flaxedil | and Hoffmann-La 
Roche GmbH, Vienna (harmaline hydrochloride). 
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. Fig. 2. Red nucleus (NR)-unit activity under the influence of harmaline. I Simultaneous records of the electrocerebellogram and the activity 
of a NR-cell. c Control; b hexobarbital; hz-k a different periods under the action of harmaline (between h 2 and h a a second NR-unit with low 
amplitude spikes appeared). Calibrations: 0.2 mV and 1 mV for the EEG and the unit activity respectively; 0.5 sec. I I  Autocorrelograms of 
discharges of NR-units. Each of the 4 harmaline records (H)is derived from a different NR-unit. C + is the control for H+; B ++ represents 
the barbiturate-induced activity of the same unit as H++. Estimates of correlation functions were calculated on 10-see-periods of recording 
using a bin width of 20 msec. Abscissa: time. Ordinate: number of events. 
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regular burst firing pat tern induced by hexobarbitaI 
(figure 2, I b), the synchronization level of cell discharges 
seems to be lower under harmaline} In the course of the 
harmaline action, the same unit  may change its discharge 
pat tern from irregular firing (figure 2, Ihx) to silent 
periods (figure 2, I h,) or to a regular burst firing pattern 
(figure 2, Ih~). When spikes of 2 different cells are 
recorded simultaneously (for example: figure 2, I he), the 
level of the harmaline-induced synchronization seems to 
be different for each unit. 
Autocorrelation functions of NR-uni t  activities obtained 
from periods of highly synchronized cerebellar rhythms 
show tha t  harmMine does induce N1R-cells to f ire rhyth- 
mically (figure 2, I IH~ compare also C + and I-I+ of this 
figure); these discharge patterns, however, never reach 
tha t  uniform regularity which can always be observed 
under the influence oi barbiturates (compare B++ and 
HI ++ in figure 2, II). 
I t  has been suggested 5 tha t  the NR-rhythm induced by 
barbiturates, and other agents acting like barbiturates, 
is formed by synchronous membrane oscillations of many 
NR-units,  which is due to their synchronized cerebellar 
input. Additional findings~ have indicated that  a positive 
correlation exists between the synchronization level of 
NR-cells and the amplitude of N1R-rhythm. This assump- 
tion also seems to be supported by the present experiments 
which show low synchronization levels of cell discharges 
and unstable low-amplitude rhythms in the NR under the 
effect of harmaline. 
The harmaline-induced rhythmic olivary impulses reach 
the spinal cord via the cerebellar cortex, fastigial and 

reticular nuclei 13. Along this pathway, neurons were 
found to discharge in rhythmic sequences and in correla- 
t ion with the tremor frequency. The cerebellar input via 
interposed nuclei to the N R  seems to be only part ly 
involved in these rhythmic discharges, since low syn- 
chronization levels of NR-neurons have been found to 
co-occur even with periods of highly regularized cere- 
bellar rhythms. This conclusion is in accordance with that  
of Lamarre et al. ~3 who proved tha t  structures in the 
brain stem rostral to the pons are not  essential for the 
induction and maintenance of the harmaline-induced 
tremor. 
According to other authors ia, 14, harmaline induced a 
synchronization of Purkinje cell act ivi ty  mainly in the 
median area of the cerebellar vermis; the synchronization 
decreases rapidly with increasing distance from the 
midline. On the other hand, those Purkinje cells which 
project to the NR, via interposed nuclei, are known to be 
located preferentially in the intermediate zone of the 
vermis 15,1~. Thus, the cerebellar area projecting to the 
N R  will be only marginally affected by the synchronizing 
action of harmaline. This may explain the low degree of 
synchrony between the electrical activities of the CB and 
NR under the influence of harmaline. 
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Summary. The IC~o of a number of antidepressants and related drugs on the uptake of 1-metaraminol and serotonin 
into human thrombocytes, and of noradrenaline and serotonin into rat  midbrain synaptosomes were compared. In 
accordance with previous reports, it was found that  platelets provide a good model for the study of neuronal uptake of 
serotonin. Platelet  uptake of 1-metaraminol, although correlated to some extent  with noradrenaline uptake into 
synaptosomes, seems to be an unsatisfactory model for the neuronal uptake of the latter amine. 

The uptake of serotonin (5-HT) into thrombocytes is a 
good model of the neuronal re-uptake of this amine1-3. 
This is especially important  for the study of the inhibitory 
effects of antidepressants on 5-HT uptake in man, where 
the neuronal uptake of this t ransmitter  cannot be 
estimated directly. 
However, many antidepressant drugs inhibit the neuronal 
re-uptake of noradrenaline (NA)4-L According to the 
catecholamine hypothesis of depression 8, it is this prop- 
er ty  of the tricyclic drugs which is crucial for their antide- 
pressants effects 7, 9. 
Blood platelets take up catecholamines, especially NA, 
slowly and only to a limited extent  10, n, and are therefore 
not well suited as a model for the study of the inhibition 
of neuronal re-uptake of these aminesS. I t  has recently 
been suggested tha t  metaraminol (MR), which can be 
substituted for NA in the study of its uptake in sym- 
pathetic nerves 12-~4, could serve a similar purpose in 
the platelet model 15, though very little evidence was 
adduced to support this theory. Since it would be a great 
advantage to have a model for the study of NA uptake in 
man, we have therefore investigated the suitability of 
metaraminol uptake into platelets for this purpose in 
more detail. 

Materials and methods. C-49802-B-Ba (1-(1-methyl- 
amino-2-hydroxy-3-propyl)-dibenzo [b, e]bicyclo [2, 2, 2] oc- 
tadiene-HC1) and CGP 6085 A (4-(5, 6-dimethyl-2-benzo- 
furanyl)piperidine-HC1) are experimental drugs syn- 
thesized in the laboratories of CIBA-GEIGY which 
selectively inhibit the uptake of NA and 5-HT respectively 
inhibit the uptake of NA and 5-HT respectively (manu- 
scripts in preparation). 
The uptake of aH-5-HT (12.5 Ci]mmole, Radiochemical 
Centre, Amersham, England) into human thrombocytes 
and of 3I-I-5-HT and aH-NA (4-6 Ci/mmole, Radiochemi- 
cal Centre) into rat  midbrain synaptosomes was deter- 
mined as described earlier le. The uptake of 3H-MR (dl- 
3I-I-MR, 6.5 Ci/mmole, New England Nuclear, Boston, 
Mass.) was determined by a modification of the procedure 
for 5-HT 1". 0.1 ml of a 2.4 • 10 -4 M solution of 1-MR 
(Merck, Sharpe and Dohme N.V., Haarlem, Holland) 
containing 5 tzCi/ml dl-~H-MR was added to 1.1 mlplatelet-  
rich plasma pre-incubated for 5 min with the drugs to be 
tested, and incubation was continued for a further 45 rain. 
The tubes were cooled in ice, the platelets sedimented by 
centritugation at 3,000 •  for 10 min, the supernatants 
discarded and the pellets resuspended in I ml ice-cold 
0.9% NaC1. The platelets were spun down again and the 


