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nMoles of Ca ++ b o u n d  pe r  m g  of mi tochondr i a ]  p r o t e in  
pe r  200 msec, a t  5 •  Ca ++. E s t i m a t e s  of t he  t o t a l  
m i t o c h o n d r i a l  c o n t e n t  of card iac  musc le"  i nd i ca t e  va lues  
of 30-40 m g  of p ro te in .  As m a n y  as 60 nMoles of Ca ++ 
could t h u s  be  r e m o v e d  b y  m i t o c h o n d r i a  f rom t r o p o n i n  
in 200 msec a t  r oom t e m p e r a t u r e ,  a n d  th i s  l im i t  would  
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ce r t a in ly  be  h igher  a t  37 ~ The  ra t e  of Ca ++ u p t a k e  b y  
m i t o c h o n d r i a  is t h u s  a d e q u a t e  to  exp la in  re laxa t ion .  

Riassunto. E'  s t a t s  s t u d i a t a  l ' a f f in i t~  dei m i t o c o n d r i  di  
l ega to  di r a t t o  e di cuore  di .coniglio pe r  il Ca++, nel  
s i s t ema  d i p e n d e n t e  da  energia.  Si sono n s a t i  t a m p o n i  
E G T A - C a  ++ pe r  m a n t e n e r e  la concen t r az ione  del  Ca ++ 
cos t an t e  d n r a n t e  l ' e spe r imen to .  Si ~ d i m o s t r a t o  c h e l a  
Km a p p a r e n t e  pe r  il Ca ++ n o n  ~ i o n t a n a  da  10-6M. 
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Muscle Afferent Outflow During Ethanol Intoxication 

KUCERA and  SMITH 1 h a v e  r epo r t ed  t h a t  t he  add i t i on  of 
e h . m l  in to  a K r e b s '  so lu t ion  b a t h  s u r r o u n d i n g  t h e  r a t  
cauda l  muscle  in  s i tu  caused  a c o n c e n t r a t i o n - d e p e n d e n t  
increase  in t he  a c t i v i t y  of a f f e r en t  ne rves  f rom sensory  
end ings  in t he  muscle  spindles  a n d  t e n d o n  organs.  The  
a u t h o r s  sugges ted  t h a t  a l t e r a t i ons  in  muscle  a f fe ren t  
ou t f low m i g h t  be  i nvo lved  in t h e  m o t o r  i ncoo r d i na t i on  of 
e t h a n o l  in tox ica t ion .  

The  a im  of t h e  p r e s en t  i n v e s t i g a t i o n  was to  e x a m i n e  
w h e t h e r  d i s t u r b a n c e s  in  t h e  l i m b  musc le  sp indle  a f fe ren t  
f unc t i on  are e n c o u n t e r e d  in v ivo  fo l lowing sys t emic  
a d m i n i s t r a t i o n  of a n  i n t o x i c a t i n g  dose of e thano l .  

Materials and methods. Male W i s t a r  rats ,  250-300 g b o d y  
weight ,  were anes the t i z ed  b y  a commerc ia l  (Ciba) m i x t u r e  
of a l l oba rb i t a l  (8 rag/100 g), u r e t h a n e  (32 rag/100 g) a n d  
m o n o e t h y l  u rea  (32 mg/100  g) in j ec ted  i.p. Af te r  cannu la -  
t ion  of t he  t r achea ,  a l a m i n e c t o m y  exposed t he  sp ina l  cord  
f rom s e g m e n t  L 3 to  S 1. A pool c o n t a i n i n g  t h e  exposed  
sp ina l  cord was filled w i t h  m i n e r a l  oil a t  36~ us ing  t h e  
t e c h n i q u e  descr ibed  b y  GLADDEN a n d  KIDD ~. A h i n d  l i m b  
was d e n e r v a t e d  excep t  for t he  ne rves  to  t h e  gas t rocnemius -  
soleus complex ;  t h e  muscles  could be  s t r e t c h e d  to  va r ious  
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Fig. 1. The effect of i.p. injection of ethanol (2.5 g/kg) on the fre- 
quency of firing of 15 muscle spindle afferents. Ordinate: mean 
frequency of discharge in impulses]sec; brackets encompass ~ 1 
standard error of mean. Abscissa: time in rain. 

degrees b y  we igh t s  h u n g  f rom the  toes.  The  dorsa l  roo t  L 5 
was t eased  u n t i l  a f f e ren t  d ischarges  were o b t a i n e d  f rom a 
single muscle  sp indle  s t r e t c h  receptor .  Only  a f fe ren t s  
e x h i b i t i n g  a sus t a ined  d i scharge  in response  to  loading  
t he  Achil les t e n d o n  were considered.  

The  a f fe ren t  a c t i v i t y  was m e a s u r e d  as descr ibed  b y  
KucER~ a n d  SMITHX. The  meark ca ro t id  a r t e r y  pressure  
was r ecorded  t h r o u g h o u t  all expe r imen t s ,  us ing  a S t a t h a m  
pressure  t r a n s d u c e r  connec t ed  to a po lygraph .  

E t h a n o l  (Gold Shield abso lu te  alcohol)  was g iven  b y  
i.p. i n j ec t ion  as a 15~o (w/v) so lu t ion  in i so tonic  sal ine in 
vo lumes  requ i red  to p rov ide  a dose of 2.5 g/kg  b o d y  wt.  
In  3 con t ro l  expe r imen t s ,  t he  a n i m a l s  were i n j ec t ed  w i t h  
1.7 ml /100 g b o d y  wt.  of a 0.9% sod ium chlor ide  solut ion.  

I n  a para l le l  s tudy ,  15 r a t s  a n e s t h e t i z e d  as descr ibed  
a b o v e  were used to  d e t e r m i n e  t he  r a t e  of a p p e a r a n c e  of 
e t h a n o l  in  b lood  a f te r  t h e  i.p. a d m i n i s t r a t i o n .  A c a n n u l a  
was inse r t ed  in to  t h e  cen t r a l  end  of t he  f emora l  ve in  a n d  
h e p a r i n  (500 IU/kg)  was given.  V e n o u s  b lood  samples  
(0.3 ml) were col lected 10, 30, a n d  60 ra in  af te r  t he  i.p. 
i n j ec t ion  of e t h a n o l  (2.5 g/kg). The  p l a s m a  samples  were 
ana lyzed  for e t h a n o l  c o n t e n t  us ing  a P e r k i n  E l m e r  Model  
F-11 gas c h r o m a t o g r a p h  f i t t ed  w i t h  a h y d r o g e n  f l ame  
ion iza t ion  de t ec to r  a n d  a 7% H a l l c o m i d  on  P o r a p a k  Q 
column.  

Results and discussion. Tile effects  of e t h a n o l  were 
s tud ied  us ing  15 muscle  sp indle  a f f e r en t  f ibers  f rom 
acu te ly  de-ef fe ren ted  muscles.  Rou t ine ly ,  the  muscle  was 
s t r e t c h e d  to  o b t a i n  a n  in i t ia l  d i s c h a r g e  r a t e  of 5-20 i m p /  
sac. The  i.p, i n j ec t ion  of e t h a n o l  p rovoked  a n  acce le ra t ion  
in the  a c t i v i t y  of a f f e r en t  ne rves  o r ig ina t i ng  in musc le  
sp ind les ;  a decrease  in t h e  d i scharge  r a t e  was  n e v e r  
observed .  A no t i ceab le  r ise in  t h e  r a t e  of f i r ing  a p p e a r e d  
t yp i ca l l y  as soon as 5 ra in  a f te r  t h e  e t h a n o l  in j ec t ion ;  t h e  
f i r ing  r a t e  a p p r o x i m a t e l y  doub led  w i t h i n  60 rain.  The  
acce le ra t ion  was m o s t  p r o n o u n c e d  w i t h i n  t h e  f i rs t  30 ra in  ; 
t h e  response  t h e n  leveled  off a n d  t h e  sensory  a c t i v i t y  
r e m a i n e d  fa i r ly  c o n s t a n t  for t h e  n e x t  30 mill.  However ,  
t he  effects of e t h a n o l  were no t  fol lowed longer  t h a n  60 min.  
F igu re  i i l l u s t r a t e s  t h e  m e a n  t i m e  course for e x c i t a t i o n  b y  
e t h a n o l  of 15 sp indle  a f fe ren ts ;  F igure  2 p r e sen t s  oscillo- 
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graph ic  records  of t h e  sensory  a c t i v i t y  in  dorsa l  roo t  L 5 
f i l a m e n t  in  a n  e x p e r i m e n t  where  t he  p l a s m a  e t h a n o l  level  
r eached  340 mg/100  ml  a t  60 min.  I n  con t ro l  expe r imen t s ,  
t he  in j ec t ion  of phys io log ica l  sa l ine  d id  not ,  b y  itself, 
cause  a n y  cons i s t en t  changes  in sensory  ne rve  ac t iv i ty .  

Sho r t l y  a f t e r  t h e  e t h a n o l  a d m i n i s t r a t i o n  t h e  m e a n  
a r t e r i a l  b lood  pressure  e x h i b i t e d  a v a r i a b l e  increase,  
poss ib ly  due  to  t h e  e x p a n s i o n  in t h e  c i r cu l a to ry  f luid 
volume.  T h e r e a f t e r  t h e  b lood  pressure  t e n d e d  to  decrease  
s lowly in t h e  course  oi t he  60 ra in  expe r imen t .  Th i s  
p ressure  d rop  of 10-30 m m  H g  could be  h a l t e d  b y  a l lowing  
t h e  r a t  to  b r e a t h e  a n  oxygen  enr i ched  air, wh ich  was done  
in  a b o u t  ha l f  of t h e  expe r imen t s .  All e x p e r i m e n t s  in  wh ich  
t h e  pressure  decreased  be low 80 m m  Hg were  d iscarded.  
T h e r e  a p p e a r e d  to  be  no  co r re la t ion  b e t w e e n  a l t e r a t i o n  of 
t h e  b lood  p ressu re  pe r  se a n d  t h e  a f f e r en t  a c t i v i t y  changes .  
However ,  possible  s ign i f i can t  shif ts  in  regional  b lood  

flows, if any,  would  go u n d e t ec t ed .  Likewise,  o t h e r  factors ,  
such  as ad r en a l  c a t e c h o l a m i n e  release ~ or t i s sue  e lec t ro ly te  
a l t e r a t i ons  4 m i g h t  h a v e  in f luenced  t h e  sp ind le  b e h a v i o r  
in  t h e  course of t h e  ex p e r i men t .  

P u b l i s h e d  d a t a  on t h e  t i m e  of peak  p l a s m a  e t h a n o l  
level  a f te r  i ts  i.p. a d m i n i s t r a t i o n  v a r y  cons ide rab ly  ~, 5,6; 

�9 in  our  expe r imen t s ,  ser ial  b lood s a m p l i n g  for t h e  gas 
c h r o m a t o g r a p h i c  e t h a n o l  ana lys i s  revea led  t h a t  t h e  
p l a s m a  e t h a n o l  level  r eached  i ts  ave rage  p e a k  of a b o u t  
350 rag/100 ml  w i t h i n  10 ra in  after,  t h e  i.p. i n j ec t ion  an d  
decl ined s l ight ly  over  t h e  n e x t  50 m i n  (Figure  3). Thus ,  i t  
would  a p p e a r  t h a t  t h e  m e a n  t i m e  course of t h e  pos t -  
in j ec t ion  sp indle  e x c i t a t o r y  effect  is de layed  re la t ive  to  
t h e  ave rage  p l a s m a  e t h a n o l  cu rve  o b t a i n e d  in  c o m p a r a b l e  
p repa ra t ions .  Th i s  de lay  m i g h t  ref lect  t h e  t i m e  t a k e n  for 
equ i l ib ra t ion  of t h e  a g e n t  w i t h  t h e  e x t r a v a s c u ] a r  t i s sue  ~ 
of t h e  sp indle  a s suming  t h a t  the  exc i t a t i on  is due  to  a 
d i rec t  effect  of e t h a n o l  on  t h e  sensory  receptors .  

T h e  a d m i n i s t r a t i o n  of e t h a n o l  in  t h e  dose of 2.5 g /kg  i.p. 
to  u n a n e s t h e t i z e d  r a t s  induces ,  a m o n g  o the r  signs of 
e t h a n o l  i n tox ica t ion ,  a n  i m p a i r m e n t  of m o t o r  f u n c t i o n  as 
m a n i f e s t e d  b y  decreased  p e r f o r m a n c e  of t h e  r a t  in  t h e  
t i l t ed  p l ane  t e s t ;  t h e  m a x i m a l  i m p a i r m e n t  of musc le  
coo rd ina t ion  was seen 15-30 ra in  a f t e r  t h e  i.p. a d m i n i s t r a -  
t ion  of e t h a n o l  ~, 8, ~. 

As was p o i n t e d  o u t  in  t h e  ear l ier  p a p e r  1, d i s t u rb an ces  
in  muscle  sp indle  a f f e r en t  func t ion  Such as those  obse rved  
in t h e  p r e s e n t  e x p e r i m e n t s  could be  a n t i c i p a t e d  to pa r t i -  
c ipa te  in  t h e  de t e r io ra t ive  ac t ion  of e t h an o l  on t h e  m o t o r  
func t i on  in i n t o x i c a t e d  animals .  However ,  t h e  effect  of 
e t h a n o l  upon  t h e  muscle  sp indle  u n d e r  f u s i m o t o r  con t ro l  
as well  as the  c o n t r i b u t i o n s  of ac t ions  of e t h a n o l  on  t h e  
a f fe ren t  sys tems,  re la t ive  to  i ts  effects cent ra l ly ,  are ye t  to  
be  de t e rmined .  

Zusammen]assung. E s  wird  nachgewiesen ,  dass  bet  
A l k o h o l i n t o x i k a t i o n  eine mo to r i s che  F u n k t i o n s s t 6 r u n g  
auch  d u t c h  eine Bee in f lussung  pe r iphe re r  Rege lmecha -  
n i s m e n  z u s t a n d e  k o m m t .  

j .  KUCERA 1~ a n d  C. M. SMITH t t  

Fig. 2. Records of afferent activity in dorsal root L 5 filament before 
(C) and at 10, 30 and 60 rain after i,p. injection of ethanol (2.5 g/kg). 
The large up-going unit was identified as originating in a muscle 
spindle. Plasma ethanol level at 60 rain reached 340 mg]100 ml. 
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]Fig. 3. Mean plasma ethanol levels in 15 anesthetized rats following 
ethanol (2.5 g/kg) administered i.p. Ordinate: concentration of 
ethanol in mg per 100 ml; :j:l standard error of mean is indicated by 
the brackets. Abscissa: time in rain after the ethanol administration. 
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