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mosis w i th  the  veins which pene t r a t e  the  psoas and  
cuad ra tus  l u m b o r u m  muscles  and,  fu r ther  above,  wi th  
the  b ranches  of the  lower d i aph ragmat i c  vein. 
B. Func t iona l  s tudy,  a) Clamping of the  adrena l  vein for 
5 min.  In  th is  exper iment ,  it  is to be no ted  tha t ,  in spi te  
of the  to ta l  occlusion of t h e  adrena l  vein; no i m p o r t a n t  
lesions appeared  in the  adrena l  pa renchyme .  There  was  a 
cer ta in  a m o u n t  of conges t ion  in the  medul lar  sinuses and 
in the  plexus  of the  ZR a n d  ZFI ,  as well as in veins  of the  
per iadrena l  fa t  and  some zones of the  subcapsular  plexus.  
Some focal hemor rhages  were also p resen t  a t  the  union 
of the  ZR and ZF. 
b) In jec t ion  of me thy l ene  blue via renal  ar tery .  By  means  
of th is  me thod ,  s ta ined  zones on the  surface of the  gland 
could be observed  macroscopical ly .  These zones, in 
general,  cor responded  to the  t r a j ec to ry  of the  capsular  
venules.  B u t  w h e n  all the  per iadrenal  fat,  excep t  t h a t  
l ining the  lower surface of the  adrenal ,  was removed,  th is  
surface only  appea red  s ta ined.  The s ta in ing  was more  
profuse  and  un i form in the  an imal  in jec ted  in t r avenous ly  
via  t he  sys temic  circulat ion.  W h e n  examined  micro-  
scopically, s ta in ing was observed  in 7 of the  9 animals  
and  was localized in the  adrena l  capsule and  ZF, and  less 
in tense ly  and wi th  l i t t le  un i fo rmi ty  in o ther  adrena l  areas.  
In  the  case of the  i.v. inject ion,  focal s ta in ing  was no t  

observed  in the  pa renchyme ,  bu t  r a the r  in the  endo-  
the l ium of the  medul la ry  capillaries and  arterioles.  
Discussion. Since the  per i renal  venous  arch has  mul t ip le  
collaterals,  one of i ts  i m p o r t a n t  proper t ies  would seem to 
be the  possible exis tence  of var ious  dra inage  routes .  The 
effect iveness  of these  collaterals  is ev idenced by  the i r  
abi l i ty  to subs t i tue  the  c lamped  adrenal  vein, whi ls t  the  
adrenals  suffer no i m p o r t a n t  lesions, a l though  hemor -  
rhages  do appear  easily in these  glands ~2-~. The capac i ty  
of th is  venous  arch  to dra in  renal  and  adrenal  blood has  
a l ready  been verif ied in m a n  and  o ther  species 2, ~, 7. This  
v ica r ian t  ac t ion fu r the r  implies one o ther  i m p o r t a n t  
funct ion.  Blood f rom the  k idney  wi th  a h igh concen t ra -  
t ion of angio tens in  which  is undi lu ted  in sys temic  circula- 
t ion  can reach the  adrena l  gland via  t he  venous  arch and  
exer t  a s t rong s t imulus  on the  ZG for the  secret ion of 
a ldosterone.  Similarly,  b lood from the  adrena l  car ry ing  
adrenal ine,  cor t icosteroids  and  a ldos terone  can also reach 
the  k idney  via th is  route.  
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Summary .  Soluble pro te ins  ob ta ined  f rom p resynap t i c  cholinergic vesicles have  been t e s t ed  regarding the i r  effects  to  
mod i fy  pos t synap t i c  spike generat ion.  The resul ts  suggest  t h a t  these  pro te ins  (or der ivat ives ,  incl. glycopeptides)  m a y  
ac t  as modu la to r s  in increasing the  effect iveness  and dura t ion  of pos t synap t i c  spike generat ion.  They  m a y  p a r t ak e  in 
genera t ion  of h o m o s y n a p t i c  (post tetanic)  po ten t i a t ion .  

H o m o s y n a p t i c  (post te tanic)  po t en t i a t i on  1-7, the  genera-  
t ion  of a second pos t synap t i c  spike of grea te r  ampl i tude  
by  2 ident ical  p r e synap t i c  shocks del ivered wi th in  1 sec, 
has  been  a t t r i b u t e d  to  Ca~+-transport  re la ted  T M  pre-  
synap t i c  mechanisms1,  n-13. In  view of the  recen t  dis- 
covery  of p ro te in - re la ted  specific n e u r o t r a n s m i t t e r -  
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Fig. 1. Effects of protein extracts on homosynaptic potentiation. 
X 2 postsynaptic spikes generated by 2 supramaximal presynaptic 
pulses. The second spike had a larger amplitude than the first. 
Z Same presynaptic stimulation. Immediately after the first pre- 
synaptic pulse one of the vesicle extracts was added to the bathing 
fluid. The increased amplitude of the spike elicited by the second 
presynaptic pulse was significantly higher than that of the control. 
Horizontal mark: 8 msec; vertical mark: 0.4 inV. 

modu la to r s  ~*-~, i t  occurred to s tudy  w h e t h e r  p resynap t i c  
cholinergic vesicles con ta in  cholinergic modulator(s) .  I t  
seems t h a t  pos t synap t i c  po t en t i a t i on  is, in par t ,  i nhe ren t  
in the  l a t ency  r equ i r emen t s  of th is  modula tor .  
Methods. Soluble pro te ins  were ob ta ined  f rom presynap t i c  
cholinergic vesicles of adu l t  ra t  bra in  and  the  electric 
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Glucose content No. of Origin of Nature of stimulation 
of bathing experiments protein extract Procedure Amount 
Krebs' solution 

Postsynaptic spikes 
Increase of amplitude 
of homosynaptic (post- 
tetanic) ** potentiation 
(percent) 

Length of 
potentiation 
(see) 

Glucose*** 25 None 2 electric shocks Supramaximal 
25 Rat brain 2 electric shocks Supramaximal 
12 Electric organ 2 electric shocks Supramaximal 
10 Denatured 2 electric shocks Snpramaximal 

No glucose*** 20 None Acetylcholine 0.05 ~zg/ml 
25 Rat brain Acetylcholine 0.05 [xg/ml 
12 Electric organ Acetylcholine 0.05 [xg/ml 
10 Rat brain Acetytcholine 1 ~g/inl 
10 Electric organ Acetylcholine 1 [xg/ml 
10 Denatured Acetylcholine 0.05 [xg/ml 

Glyeopeptide : 

No glucose 10 None Acetylcholine 1 [xg/ml 
10 0.5 [xg/ml Acetylcholine 1 [zg/ml 
10 1.0 ~ z g / m l  Acetylcholine 1 [zg/ml 
10 1.5 [xg/ml Acetylcholine 1 [zg/ml 
10 Denatured Aeetylcholine 1 txg/ml 

15 4- 1.5" 
30 • 3.2 
28 q- 2.4 
18 4- 1.4 

13 • 1.4 
25 q- 2.6 
22 4- 2.1 
32 4- 2.8 
27 4- 3.1 
16 4- 1.7 

1.1 4-4- o.37 
5.5 4- 0.93 
4.7 • 0.86 
1.4 4- 0.7 

Length of 
postsynaptic 
response 

2 4- 0.9 
24 4- 1.8 
21 4- 2.1 

111 • 4.7 
99 • 5.1 

3 • 1.3 

2 4-0.9 
15 • 1.3 
22 4- 1.8 
28 • 2.3 

3 • 1.2 

* Mean i SEM (differences generated by adding protein (or glycopeptide) extracts were statistically significant (p < 0.001), Student's t-test. 
** Posttetanic potentiation (the name given by Larrabee and Bronk 1 for homosynaptic potentiation) in its usual meaning is generated by a 
series of stimuli and seems to result from the same 'modulator' process. *** Each preparation served as its own control. Control values were 
obtained by administration of acetylcholine alone. After having obtained 3 comparable mean values for amplitude and length of the post- 
synaptic train, acetylcholine was given in presence of one of the extracts. 

o r g a n  of t h e  T o r p e d o  m a r m o r a t a  fo l lowing  tile m e t h o d s  
of Sol ler  e t  al. 18 a n d  M a t s u d a  e t  al. 1~ The  electr ic  o r g a n  
w a s  used  b e c a u s e  i ts  vesic les  are  a l m o s t  exc lu s ive ly  
chol inerg ic .  P r o t e i n s  were  also o b t a i n e d  b y  D E A E - c e l l u -  
lose c h r o m a t o g r a p h y  ~~ P r o t e i n  c o n t e n t  w a s  a s c e r t a i n e d  
fo l lowing  t h e  m e t h o d  of W a n n a m a c h e r  et  al. 21. Glyco-  
p e p t i d e s  were  i so la ted  f r o m  t h e  p r o t e i n  p r e p a r a t i o n  of 
M a t s u d a  19 fo l lowing  tile m e t h o d  of B r e c k e n r i d g e  a n d  
M o r g a n  22. T h e  m e t h o d  c o n s i s t e d  e s sen t i a l ly  of p r o n a s e  
d iges t ion ,  c e n t r i f u g a t i o n  a n d  p r e c i p i t a t i o n  of t h e  supe r -  
n a t a n t  of cho l inerg ic  vesicle  e x t r a c t s  b y  ce ty l  p y r i d i u m  

c h l o r i d e .  T h e  s u p e r n a t a n t  w a s  p a s s e d  t h r o u g h  a s e p h a d e x  
G-15 c o l u m n  to  o b t a i n  a g l y c o p e p t i d e  f rac t ion .  I n  o r d e r  
to  a s c e r t a i n  t h a t  t he  p r e p a r a t i o n  o r i g i n a t e d  in t h e  
cho l ine rg ic  vesicles,  t h e  ace ty l cho l ine  c o n t e n t  of t he  
e x t r a c t s  w a s  m e a s u r e d  fo l lowing  t h e  m e t h o d  of G o l d b e r g  
a n d  lVfcCaman2K T h e  ace ty l cho l ine  c o n t e n t  of r a t  b r a i n  
e x t r a c t s  a v e r a g e d  0.22 M a n d  t h a t  of t he  electr ic  o r g a n  

0.33 M. These  va lue s  a p p r o x i m a t e d  t h e  va lue s  o b t a i n e d  
b y  o t h e r  r e s e a r c h e r s  ~4,35. Tile effects  of vesicle e x t r a c t s  
on  p o s t s y n a p t i c  sp ike  g e n e r a t i o n  were  t e s t ed  fo l lowing  
t h e  m e t h o d  of  D u n a n t  e t  al.a-K Pre -  a n d  p o s t s y n a p t i c  
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Fig. 2. Effects of protein extracts on length of post- 
synaptic train of spikes. Preparation was immersed 
in glucose-free Krebs' solution for 6 h. X Acetyl- 
choline (0.05 ~g/inl of bathing fluid). First record: 
control preparation: postsynaptic spike train. Second 
record: Protein extract was added to the bathing 
fluid before administration of acetylcholine. The same 
preparation served as its own control. Acetylcholine 
was added in 5-min-intervals. After having obtained 
3 comparable postsynaptic response, protein extract 
(one of the extracts of vesicles) was added to the 
bathing fluid before adding aeetyleholine. Z Acetyl- 
choline (1 ~xg/ml of bathing fluid) was used as stimulus. 
First record: control (see X) 10-rain rest periods. 
Second record: Vesicle extracts added before acetyl- 
choline. Horizontal mark: 2 see; vertical mark: 4 mV. 
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bioelectric processes were measured from the excised 
superior cervical ganglion of the rat, mounted on glass 
microelectrodes, by means of an oscilloscope (Tektronix, 
561, 3A3). If immersed in Krebs' solution, the excised 
ganglion retained its bioelectric functions intact over 12 h. 
If immersed in glucose-free Krebs' solution, presynaptic 
functions and synaptic transmission vanished within 4 h, 
but  postsynaptic spike generation remained intact for 
about 24 h. Presynaptic shocks of various intensities, gen- 
erated by a transistor based stimulator were delivered 
across a stimulus isolation unit to presynaptic platinum 
microelectrodes at  varying t ime intervals. Postsynaptic 
spikes were generated in preparations immersed in glucose- 
free Krebs' solution after inactivation of the presynaptic 
neurons, by acetylcholine (0.01-1 ~g/ml of bathing solu- 
tion). All preparations were presensitized with physostig- 
mine salicylate (5 tzg/ml bathing solution). Statistical 
significance of the observed differences of correlation 
coefficients were ascertained by Student 's  t-test. 
Results. 2 supramaximal presynaptic shocks, delivered at 
50-msec-intervals, generated maximum homosynaptic 
potentiation. The length of potentiation exceeded, at 
times 1 sec. Protein (peptides, glycopeptides) extracts of 
cholinergic vesicle contents of either the rat  brain or the 
electric organ increased the amplitude and the lengtil of 
potentiation (table, figure 1). In preparation with inac- 
t ivated presynaptic neurons, these extracts (added to the 
bathing fluid) increased the amplitude of postsynaptic 
spikes (generated by acetylcholine), and significantly in- 
creased the length of the generated postsynaptic spike 
trains in a dose-dependent manner (table, figure 2). Heat  
denatured extracts lost their ability to affect postsynaptic 
spike generation by both endogenous (presynaptic stimu- 
lation) and exogenous acetylcholine. The latency of the 
first postsynaptic spike was about 10 msec shorter than 
the onset of potentiation by the extracts. In the concen- 
tration used, the extracts alone did not initiate post- 
synaptic spikes. 
Discussion. Presynaptic cholinergic vesicles contained an 
agent that  possessed the minimum necessary properties 
of a 'modulator '  13 of acetylcholine effects, e.g. : 1. In ab- 
sence of acetylcholine the extract  did not generate post- 
synaptic spiking. 2. The extract  potentiated the effect of 
both exogenous and endogenous (released during pre- 
synaptic stimulation of cholinergic neurons) acetyl- 

choline. 3. Postsynaptic effects outlasted presynaptic 
stimulation (release of acetylcholine). 4. Postsynaptie 
cholinergic effects were smoothened (spike amplitude de- 
creased gradually). 5. This madulator effect was dose- 
dependent. 6. The modulator was either a protein or its 
derivative (peptides, glycopeptides). 
The modulator effect seemed to be multidetermined, e.g. : 
1. Adsorption on this protein may facilitate transsynaptic 
acetylcholine transport, and may delay its hydrolysis. 
2. Gradual release may smoothen the postsynaptic effects 
of acetylcholine. 3. Since the latency of the onset of 
modulation exceeded the latency of the first postsynaptic 
spike, postsynaptic processes seemed also to contribute. 
4. Because of Ca2+-transport proteins also occur in the 
vesicle content s~, promotion of transsynaptic Ca2+-trans - 
port may facilitate the effects of Ca ~+ on pre- and post- 
synaptic de- and repolarization ~. I t  has not yet been 
ascertained which of the 22 known proteins contained in 
cholinergic vesicles are responsible for the modulator 
effect. Soller et al. is suggested that  the acidic lipoproteins 
are carriers binding the putat ive neurotransmitter.  
Transport properties were also attr ibuted to glycopro- 
teins ~. Even though glycoproteins prevail in mem- 
branes, glycopeptides may also occur in the vesicle fluid ~. 
During presynaptic stimulation cholinergic vesicle walls 
is believed to fuse with the terminal membrane of the 
presynaptic neuron, and verse part  of their content into 
the synaptic cleft. Musick and Hubbard*8 did collect pro- 
teins from the effluent of stimulated mouse phrenic nerve. 
In addition to acetylcholine, the fluid ejected from these 
vesicles contained proteins (or their derivatives [peptides, 
glycopeptides]) with modulator effects. Generation of 
homosynaptic (posttetanic) potentiation is inherent in the 
different latency-requirements of acetylcholine and the 
modulator to initiate postsynaptic effects. The longer 
latency of the onset of modulator effect prevents the 
modulator from changing the first (or early) postsynaptic 
spikes. 
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Summary. Electrical stimulation to the substantia nigra (Pars reticulata) produced a monosynaptic inhibition of the 
neurons of the ventromedial  nucleus of the thalamus in anesthetized cats. 

One of the major outputs of the basal ganglia is the 
pallidothalamic pathway. Uno and Yoshida * have dem- 
onstrated that  neurons in the rostroventral portion of the 
thalamic nucleus ventralis lateralis (VL) receive mono- 
synaptic inhibition from the pallidal nucleus of the cat. 
Nigro-thalamic fibres form another output  system from 
the basal ganglia 3-8. In this paper we show that  stimu- 
lation of the substantia nigra monosynaptically produces 

IPSPs  (inhibitory postsynaptic potentials) in neurons of 
the ventromedial  nucleus (VM) of the thalamus. 
Materials and methods. Cats were anesthetized w i t h  so- 
dium pentobarbital  (30 mgJkg). Platinum-iridium needles 
of 0.2 mm diameter, insulated except for the very tiP, 
were used as stimulating electrodes. 6 needles were com- 
bined and inserted stere0taxically into the SN ~. Stimu- 
lating pulses were applied between 2 neighboring SN- 


