
1420 Specialia ]~XpERIENTIA 30]12 

Intracellular Analysis of Antidromically and Synaptically Activated Nucleus Reticularis 
Tegmenti  Pontis  Neurons 

The  nucleus  re t icu lar i s  t e g m e n t i  pon t i s  (NRTP)  is a 
p recerebe l la r  nuc leus  wh ich  is loca ted  dorsal  to  t he  
p o n t i n e  nucle i  p rope r  and  is b o u n d e d  dorsa l ly  b y  t he  
r a p h e  nuclei  and  p o n t i n e  re t i cu la r  fo rmat ion .  The  
m a j o r  a f fe ren t  i n p u t  to  th i s  nuc leus  is f rom t he  deep 
cerebel lar  nuclei  v ia  t h e  b r a c h i u m  c o n j u n c t i v u m  ~-5. The  
o u t p u t  of t he  N R T P  is d i rec ted  a lmos t  exclus ive ly  to  t he  
cerebel lum% The  i m p o r t a n c e  of th i s  p recerebe l la r  nucleus  
in t e r m s  of cerebel lar  ope ra t ion  has  been  e luc ida ted  so far  
m a i n l y  b y  a n a t o m i c a l  s tudies .  T he  p r e s en t  r e p o r t  deals 
w i t h  a n  e lec t rophys io logica l  s t u d y  of t h e  N R T P  neu rons  
by  a n t i d r o m i c  a n d  synap t i c  ac t iva t ion .  

Cats  were anes the t i zed  w i t h  a c o m b i n a t i o n  of sur i ta l  
(30 mg/kg)  a n d  chloralose (80 m g / k g )  D u r i n g  recording,  
muscu la r  m o v e m e n t s  were e l imina ted  b y  in j ec t ion  of 
ga l lamine  t r i e th iod ide  and  the  a n i m a l  was ar t i f ic ia l ly  
ven t i l a t ed .  Bipo la r  s t i m u l a t i n g  electrodes w i t h  a n  in ter -  
e lectrode d i s tance  of 1 m m  were inse r ted  s t e reo tax ica l ly  
in t he  nuc leus  in te rpos i tus  (IP), deeussa t ion  of b r a c h i u m  
c o n j u n e t i v u m  (DBC), b r a c h i u m  pon t i s  (BP) and  cerebra l  
pedunc le  (CP). S t imul i  were br ie f  c u r r e n t  pulses of 
0.05-0.1 msec. Glass microe lec t rodes  (3 3/I KC1, 15-20 M) 
were used and  conven t i ona l  record ing  m e t h o d s  employed.  

Because  t he  N R T P  is so closely a d j a c e n t  to  t he  o the r  
p o n t i n e  nuclei ,  m u c h  care was t a k e n  in i den t i fy ing  t h e  
record ing  site. Firs t ,  t h e  N R T P  neurons  were iden t i f i ed  
b y  t he i r  a n t i d r o m i c  responses  to  s t i m u l a t i o n  of the  BP.  
The  nucleus  was a p p r o a c h e d  f rom t he  v e n t r a l  surface of 
t he  pons  and  t he  record ing  e lec t rode  was pos i t ioned  
s te reotaxica l ly .  The  record ing  si tes were also ident i f ied  
his to logical ly  and  in  some cases, i den t i f i ca t ion  was b y  
reference to ex t race l lu la r ly  in jec ted  dye spo t sL  

The  a n t i d r o m i c a l l y  a c t i v a t e d  spike h a d  a n  I S - S D  
inf lec t ion  on i ts  r i s ing  phase  and  was followed by  a n  
a f t e r -hype rpo l a r i za t i on  l as t ing  a r o u n d  20 msec. Double  
shock tes t s  showed SD and  IS  spike re f ra tor iness  to  be  

a r o u n d  1.5 msec and  0.8 msec, respect ively .  The  la tencies  
of t he  an t i d romica l l y  a c t i v a t e d  spikes fol lowing B P  
s t i m u l a t i o n  va r i ed  f rom 0.2 msec to 1.0 msee (N ~ 32 
m e a n  0.5 mesc). This  l a t ency  is s imi la r  to  the  la tenc ies  
of a n t i d r o m i c a l l y  a c t i v a t e d  p o n t i n e  nuc lea r  cellsS, 9. The  
e s t ima ted  c o n d u c t i o n  veloci t ies  of N R T P  neurons  r anged  
f rom 10 m/sec  to  50 m/sec  (mean,  20 m/sec).  

The  F igure  i l lus t ra tes  some synap t i ca l l y  a c t i v a t e d  
p h e n o m e n a  in NIRTP cells. F igure  A shows I P  induced  
E P S P s  w i t h  a l a t ency  (de t e rmined  b y  c o m p a r i n g  t he  
in t r ace l lu la r  records w i t h  the  ex t race l tu la r  controls)  of 
1.2 msec. Consider ing t he  c o n d u c t i o n  d i s tance  and  synap t i c  
delay,  and  t he  re la t ive ly  c o n s t a n t  la tencies  regardless  of 
s t imu lus  s t r eng th ,  a n d  t h e i r  g raded  na tu re ,  these  de- 
po la r iz ing  po t en t i a l s  were cons idered  to be  m o n o s y n a p t i c  
E P S P s .  F igure  B - D  shows samples  of m o n o s y n a p t i c  
E P S P s  ( la tency 0.8 msec d u r a t i o n  10 msec) i nduced  b y  
DBC s t imu la t ion .  The  l a t ency  of the  I P  induced  E P S P s  
r anged  f rom 0.9 msec to 2.2 msec (N = 27 m e a n  1.37 
msec) and  the  d u r a t i o n  f rom 4 msec to  24 msec (mean  10 
msec).  DBC induced  E P S P s  h a d  a l a t ency  range  of 0.7 msec 
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intracellular recordiugs of EPSPs in NRTP ceils. A) IP induced EPSP. B) DBC induced EPSP. C) EPSPs same as in B except with slower 
sweep speed. D) DC records of EPSPs as in C. }~) and F) sample records of collision test between ]EPSPs induced by DBC (conditioning) 
and IP (test) stimulation at 0 msec interstimulus time intervals (E) and 1.2 msee (F). Control DBC response is superimposed in E and F. 
G) control test response. H) a plot of % changes in the amplitude of test EPSPs at various inter-stimulus interval. Ordinate: % of changes 
from control test responses as 100% Abscissa: interstimulus time interval. I-L) effects of depolarizing current on IP induced EPSPs; intensity 
of applied current indicated on upper right corner of each record. M) CP induced EPSPs. Bottom traces of records in A-D, G and M are 

corresponding extraeellular control responses. Voltage calibration ol 1 mV applies to A, 5 mV to D and 2 mV to B, C and ]~-M. Time calibra- 
tion of 1 msee applies oMy ~o A and B. 
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to  1.4 msec (N = 42, m e a n  0.95 msec) a n d  t he  d u r a t i o n  
va r i ed  f rom 5 msec  to  30 msec  (mean  10 msec).  I n  sonic 
N R T P  neurons ,  E P S P s  were induced  fol lowing I P  as well  
as Dt3C s t i m u l a t i o n  CoIlision e x p e r i m e n t s  i l lus t ra te  
(Figure E - H )  t h a t  I P  induced  E P S P s  were b locked  b y  
cond i t i on ing  DBC s t i m u l a t i o n  a t  s t imulus  in te rva l s  of less 
t h a n  0.5 msec. A pa r t i a l  r ecovery  was obse rved  a t  0.7 msec 
and  full r ecovery  a t  1.2 insec i n t e r - s t imu lus  in te rva l s .  
Cons ider ing  t h e  la tenc ies  of D B C  a n d  I P  induced  E P S P s  
and  t h e  resu l t s  of collision expe r imen t s ,  N R T P  cells are 
m o n o s y n a p t i c a l l y  a c t i v a t e d  b y  axons  of I P  cells v ia  t he  
b r a c h i u m  c o n j u n c t i v u m .  This  conclus ion  is in  a g r e e m e n t  
w i t h  a n a t o m i c a l  o b s e r v a t i o n s  ~-4. Conduc t ion  ve loc i ty  of 
the  I P  axons  i m p i n g i n g  on the  N R T P  cells was e s t ima ted  
b y  m e a s u r i n g  differences  in  la tencies  be t w een  I P  and  DBC 
induced  E P S P s  and  t he  d i s t ance  b e t w e e n  s t imu la t i ons i t e s .  
The  c o n d u c t i o n  ve loc i ty  t h u s  ca lcu la ted  f rom 6 in t ra -  
cel lular ly  recorded  N R T P  cells r anged  f rom 25M/sec  to 
50 M/see  (mean  33 M/sec) .  A t  t imes ,  the  s t i m u l a t i o n  of I P  
resu l ted  in a n t i d r o m i c  f i r ing  of t he  N R T P  neu rons  
fol lowed b y  m o n o s y n a p t i c  E P S P s  or s ynap t i c a l l y  acti-  
v a t e d  spikes. This  could be  i n t e r p r e t e d  as s u p p o r t i v e  
ev idence  for a rec iproca l  p a t h w a y  be tween  t h e  I P  and  
p o n t i n e  nuc leus  as sugges ted  b y  TSUKAHA}{A and  BA.~DOt 

Some of t he  I P  induced  E P S P s  were reversed  b y  
app l i ca t i on  of depola r iz ing  cu r r en t s  t h r o u g h  t he  record ing  
microe lec t rode  (Figure  I L ) .  F igure  I is a con t ro l  record  
of a n  I P  induced  E P S P .  By  successive increases  in 
depola r iz ing  c u r r e n t  t he  a m p l i t u d e  of t he  E P S P s  de- 
creased (Figure  J).  The  t r a n s m e m b r a n e  p o t e n t i a l  was 
a l m o s t  a t  i ts  reversa l  p o t e n t i a l  a t  5.1 nA (Figure K) a n d  
was  reversed  a t  7.5 n A  i n t e n s i t y  (Figure  L). These  resu l t s  
would ind ica t e  t h a t  some e x c i t a t o r y  synap t i c  t e r m i n a l s  of 
I P  axons  are located  on or nea r  t he  soma  of the  N R T P  
cells 10. 

F igure  M shows an  example  of m o n o s y n a p t i c a l l y  
i nduced  E P S P s  fol lowing CP s t imu la t i on .  T he  l a t ency  of 
CP induced  E P S P s  va r i ed  f rom 0.7 msec to  1.5 msec (N = ] 0, 
m e a n  1.1 msec) and  t he  d u r a t i o n  f rom 7-26 msec (mean 13 
msec). Th i s  ave rage  l a t ency  of 1.1 msec is s imi la r  to  t h a t  
of p o n t i n e  nuc lea r  cells a c t i v a t e d  b y  CP s t i m u l a t i o n <  
Di rec t  cor t ica l  i n p u t s  to  t he  N R T P  ceils h a v e  been  ob- 
se rved  b y  a n a t o m i c a l  m e t h o d s  ~1-1~. 

In  conclusion,  the  p re sen t  d a t a  show, in  a g r e e m e n t  w i t h  
p rev ious  a n a t o m i c a l  obse rva t ions ,  t h a t  t he  N R T P  
neu rons  receive d i rec t  e x c i t a t o r y  i n p u t s  f rom the  cerebel lar  
nuc leus  via  t he  b r a c h i u m  c o n j u n c t i v u m  a n d  f rom the  
cerebra l  peduncle .  Some e lec t rophys io logica l  cha rac t e r -  
ist ics of t he  N R T P  cells are d i f fe ren t  f rom those  of t he  
L1RN cells 15, ,6 i n d i c a t i n g  func t iona l  differences be tween  
these  precerebe l la r  nuclei  in t e r m s  of cerebel lar  opera t ion .  

Rdsumd. On a enregis t r6  ]es po ten t i e l s  e lec t r iques  mono-  
et  po ly - synap t i ques  (EPSPs)  des cellules du  nuc leus  
re t icu la r i s  t e g m e n t i  pon t i s  en s t i m u l a n t  le nuc leus  in ter -  
pos i tus  (NI), le b r a c h i u m  c o n j u n c t i v u m  (BC) e t  le 
p6doncule  c6r6belleux. Les exp6riences  de collision on t  
m o n t r 6  que des axones  des cellules N R T P  a c t i v e n t  leurs 
neurones  v ia  BC. Quelques  po ten t i e l s  p o s t s y n a p t i q u e s  
ex i t a t eu r s  i ndu i t s  p a r  le nuc leus  in t e rpos i tu s  ou t  6t6 
invers6s pa r  un  c o u r a n t  d6po la r i san t  appl iqu6  au  vois inage  
de la micro61ectrode de d6r iva t ion ,  ce qu i  ind ique  que les 
t e rmina i sons  s y n a p t i q u e s  d ' a x o n e s  N I  se t r o u v e n t  pr6s 
du  s o m m e t  des cellules N R T P .  
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I n f l u e n c e  of  A l t e r e d  S t e r o l  C o m p o s i t i o n  on  ( N a G  

I t  was s h o w n  t h a t  in e x p e r i m e n t a l  m y o p a t h y  induced  
b y  20.25-diazacholes terol  t he  ac t i v i t y  of (Na +, K +) ATP-  
ase in  m e m b r a n e s  of d i f fe ren t  t i ssues  is inc reased1-<  I t  
was supposed  t h a t  th i s  increase  is due  to  t he  i n c o r p o r a t i o n  
of desmos te ro l  in  t h e  d i f fe ren t  m e m b r a n e s ;  20.25- 
d iazacholes te ro l  i nh ib i t s  desmos te ro l  r educ tase  and  
the re fo re  desmos te ro l  is a c c u m u l a t e d  in t he  t r e a t e d  
a n i m a l s  4. 

I n  t h i s  Study we t r i ed  to  f ind  a cor re Ia t ion  be t ween  t h e  
r e p l a c e m e n t  of choles te ro l  b y  desmos te ro l  a n d  t he  
increase  of specific (Na+, K+) A T P a s e  a c t i v i t y  in  card iac  
sa rco lemma.  4 groups  of male  W i s t a r - r a t s  were s tud ied  
over  a pe r iod  of 30 days.  Group  A se rved  as con t ro l  a n d  
rece ived  0.2 ml  w a t e r  b y  an  oesophagea l  cannula ,  g roup  B 
was  t r e a t e d  w i t h  10 m g  20.25-diazacholes terol  d ihyd ro -  
chlor ide  in 0.2 mI water ,  g roup  C co r re sponds  to  group B 
b u t  a d d i t i o n a l l y  h a d  2% choles terol  in t he  s t a n d a r d  diet ,  
g roup  D was t r e a t e d  w i t h  a suspens ion  of 20 m g  t r i p a r a n o l  
i n 0 . 2  ml  w a t e r  - t h i s  s u b s t a n c e  is also k n o w n  to i n h i b i t  
choles tero l  b io syn thes i s  a t  t he  s tep  of i n t e r conve r s ion  

K +) A T P a s e  A c t i v i t y  of C a r d i a c  S a r c o l e m m a  

f rom desmost~rol  to cholesterol~.  AI1 groups  of r a t s  were 
t r e a t e d  da i ly  w i t h  t he  a b o v e - m e n t i o n e d  subs tances .  
Af te r  i n t e rva l s  i nd ica t ed  in t he  Table ,  t he  an ima l s  were 
sacrif iced b y  aor t ic  punc tu re ,  card iac  s a r c o l e m m a  was 
t h e n  p r e p a r e d  accord ing  to  DIETZE and  HEPP 6 a n d  s terol  
ana lys i s  was pe r fo rmed  as descr ibed ear l ier  1 in a v a r i a n  
1400 g a s c h r o m a t o g r a p h  equ ipped  w i t h  a 3% OV-17 
column.  
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