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a m o u n t  of the  enzyme.  Incuba t ion  mix tu r e  (310 ~zl) 
con ta ined :  enzyme,  100 ~zl; wa te r  100 ~l; 1 M Tris-HC1 
buffer,  p H  6.0 10 V1; 40 m M  ascorbic acid in t he  Tris 
buffer, 30 ~zl; 40 m M  sodium fumara te ,  30 ~1; 6 m M  
pargyline,  10 IA; 1 m M  CuSO~, 10 ~1; 30 m M  tyramine ,  
10 ~1; and catMase (5 mg crys ta ls  in 2 ml  Of water) ,  10 tzl. 
I ncuba t ion  was carried out  a t  37 ~ for 20 rain. Af ter  t he  
incubat ion  the  following reac t ion  mix tu res  were added:  
l M Tris-HC1 buffer,  p H  8.6, 80 ~zl; 0.5 m M  EDTA,  
20 ~1; pheny l e thano l amine -N-me thy l t r an s f e r a se  par t ia l ly  
purif ied f rom bovine adrena l  medul la  by  the  m e t h o d  of 
CON~X~T and K I R S H ~ R  ~a (0.17 nmole s /min /mg  protein ,  
12 mg/ml) ,  10 ~1; S-adenosylmethionine-(methyl-C~a) ,  
10 V1 (0.1 ~zCi, 1.8 nmoles).  The incuba t ion  was con t inued  
fu r ther  for 30 min  at  37 ~ The radioact ive  N-me thy l -  
oc topamine  formed was ex t r ac t ed  into to luene- isoamyl  
alcohol (3:2, v/v) and  counted.  Boiled enzyme (95~ 
5 min) was used for the  b lank  incubat ion.  Octopamine,  
0.4 nmole,  was  added  into a react ion mix tu r e  as an 
in te rna l  s t andard .  

The resul ts  are shown in the  Table.  Serum dopamine-f l -  
hyd roxy la se  act ivi t ies  of male  or female SH ra t s  were 
s l ight ly  lower t h a n  those  of no rmotens ive  male  or female 
Wis t a r  rats,  bu t  the  differences were no t  s ta t is t ica l ly  
significant.  The enzyme  act ivi t ies  of female ra ts  of 
no rmotens ive  Wis t a r  or SH s t ra ins  were s l ight ly lower 
t han  those  of male  ra t s  of no rmotens ive  Wis t a r  or SH 
strains,  b u t  the  differences were no t  s ta t is t ica l ly  signifi- 
cant .  The resul ts  suggest  t h a t  the  increase in dopamine-  
f l -hydroxylase  in adrenal  glands of SH ra ts  ~ does no t  
cause the  e levat ion  of the  level of the  se rum enzyme  and  

Serum dopamine-fl-hydroxylase activity of normotensive wistar rats 
and spontaneously hypertensive rats 

Enzyme activity Normotensive Spontaneously 
wistar rats hypertensive rats 

Male (numbers) (5) (9) 
pmoles/min/mlserum-4-S.E.M. 76 4-17 52 n~-12 
pmoles/min/mgprotein• 1.74- 0.3 1.1~ 0.3 

Female (numbers) (5) (8) 
pmoIes[min[mlsernm4-S.E.M. 58 :J:22 47 :~: 9 
pmoles/min[mgprotein~S.E.M. 1.0-4- 0.4 1,0:~_ 0.2 

t h a t  the  ra te  of secret ion of the  enzyme f rom the  per iphe-  
ral  s y m p a t h e t i c  nerves  of SH ra ts  m a y  no t  be d i f ferent  
f rom t h a t  of no rmotens ive  Wis t a r  ra t s  ~4. 

Zusammen/assung. Es wird  gezeigt, dass die Dopamin-  
f l -Hydroxylase-Akt iv i t~ t  im Serum bei s p o n t an  hyper -  
ton ischen  R a t t e n  im Vergleich zu n o r m o t o n e n  Kont ro l len  
n ieh t  ve r~nder t  ist. 
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T h e  Af f in i ty  of  M i t o c h o n d r i a  for  Ca ++ 

I t  has  been shown t h a t  the  t r a n s p o r t  of Ca ++ and  the  
phosphory la t ion  of A D P  in mi tochondr i a  are a l t e rna t ive  
processes 1. I t  is thus  reasonable  to  suggest  t h a t  t he  
former  m a y  be a means  of regula t ing  the  concen t ra t ion  of 
Ca ++ in the  cytosol,  and affect ing a n u m b e r  of Ca++ 
d e p e n d e n t  react ions.  Among  these,  the  con t rac t ion  and  
re laxa t ion  of hea r t  is par t i cu la r ly  impor t an t .  Indeed,  
whereas  the  role of t he  sarcoplasmic re t icu lum (SR) in 
the  con t rac t ion  and re laxa t ion  of fas t  skeletal  muscle  
seems well es tab l i shed  2-4, several  l ines of evidence po in t  
to  its inefficiency in cardiac muscle,  and indica te  t h a t  
mi tochondr i a  could p lay  a role in tile process.  In  hear t ,  
SR  is poor ly  developed,  and has a ve ry  l imi ted  capabi l i ty  
for Ca++ t ranspor t* .  

Mitochondria ,  on the  o ther  hand ,  are ve ry  abundan t ,  
and  are  capable  of eff icient  Ca++ t r a n s p o r t  b o t h  in 
v i t ro  6-8 and  in vivo% An i m p o r t a n t  factor  in assessing 
the i r  possible role in the  re laxa t ion  and  con t rac t ion  of 
hea r t  is the i r  af f in i ty  for Ca++. Since con t rac t ion  begins 
when  the  free Ca ++ concen t ra t ion  in t he  sarcoplasm 
approaches  10-TM, mi tochondr i a  m u s t  be able to  t ake  up 
Ca ++ wi th  reasonable  efficiency at  concen t ra t ions  no t  far 
r emo v ed  f rom th is  level. Most  m e a s u r e m e n t s  of the  mito-  
chondr ia l  Km for Ca++, based  on the  shif t  of t he  redox  
s ta te  of cy toch rome  b, or on the  ra te  of 02 consumpt ion ,  
have,  however,  y ie lded figures a round  5 • 10-~M 10, 
clearly incons i s ten t  wi th  a role in hea r t  re laxat ion.  
However ,  since the  up take  of Ca++ by  mi tochondr i a  is 
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very  rapid,  a t  ve ry  low Ca ++ concen t ra t ions  t he  changes  
in the  pa rame te r s  considered are ve ry  diff icult  to evaluate .  
In  th is  s tudy,  mi tochondr i a  have  been  t r e a t ed  wi th  
Ca-EGTA (ethylene glycol-his  aminoe thy l  t e t ra -ace t ic  
acid) buffers,  and thus  w i th  stabil ized,  low free Ca++ 
concen t ra t ions  n.  I t  has  thus  been possible to es tabl ish  
an a p p a r e n t  K,~ for Ca++ close to 10-~21~ r. 

Methods. R a t  l iver m i tochand r i a  were p repa red  wi th  a 
0,25 3/1 r sucrose procedure ,  r abb i t  hea r t  m i tochondr i a  as 
ind ica ted  b y  SORDAHL and  SCHWARTZ ~, and pigeon 
hea r t  mi tochondr i a  according to CH&NCS and tlAGIHARA ~a. 
Energy- l inked  up take  of Ca ++ was s tud ied  in the  med i u m 
specified in the  legends to the  Figures.  The concen t ra t ion  
of mi tochondr i a l  protein ,  in a f inal  volume of 2 nil, a t  
room t empera tu r e ,  was  6 rag. The up take  of Ca ++ was 
ind ica ted  by  the  shi f t  of t h e  redox  s t a te  of cy toch rome  b 
in a dual  wave l eng th  spec topho tome te r ,  a t  430 minus  
410 rim. The  Ca++ E G T A  buffers  were  p repa red  as 
ind ica ted  by  PORTZEHL et  al. n .  The p ro te in  was measured  
wi th  a b iure t  react ion.  

Results  and  discussion. W h e n  succinate  is added  to  a 
suspension of ra t  l iver m i tochondr i a  in the  presence  of 
ro tenone,  a reduc t ion  of cy toch romes  occurs, which  is 
m a i n t a i n e d  while the  subs t r a t e  is present .  The new 
s t eady  s ta te  of cy toch rome  b depends  on the  ra te  a t  
which  electrons arr ive and  depa r t  f rom the  cy tochrome,  
and it is also under  the  contro l  of t he  second coupl ing 
site, which slows down the  flow of e lectrons be tween  
cy tochromes  b and  c. W h e n  the  ef iect  of the  second 
coupl ing si te is decreased by  the  add i t ion  of ADP,  
uncouplers ,  or Ca ++, an ox ida t ion  of cy toch rome  b and a 
reduc t ion  of c y t o c h r o m e  c can be observed.  In  Figure  1, a 
r educ t ion  of cy toch rome  b in the  Sorer region was induced  
by  succinate  in abou t  20 sec. At  th is  point ,  the  Ca-EGTA 
buffer  was  added  (final free Ca++ concen t ra t ion  of 1 ~zM, 
and  a r ap id  reox ida t ion  oI cy toch rome  b followed. 

In  F igure  2, t h e  loga r i thm of the  molar  concen t ra t ion  
of calc ium added  to  r a t  l iver m i t o c h o n d r i a  is p lo t t ed  
aga ins t  t h e  Ca++ induced  absorbance  change of cyto-  
ch rome  b. The  concen t ra t ion  which  induced  half  max ima l  
ox ida t ion  o~ cy toch rome  b was  be tween  2 and  3 ~zM. 
This  figure is several  t imes  lower t h a n  those  previous ly  
ob ta ined  1. f rom m e a s u r e m e n t s  of the  oxygen  consump-  
tion, 2. wi th  the  murex ide  technique ,  or 3. w i t h  tile 
cy toch rome  b t echn ique  based on addi t ions  of Ca++ 
wi thou t  EGTA.  R a b b i t  hea r t  mi tochondr i a  behaved  very  
s imilar ly:  ha l f -max imal  effects  were ob ta ined  at  abou t  
the  same concen t ra t ions  of Ca ++ as in l iver mi tochondr ia .  

I t  is t hus  clear t h a t  m i tochondr i a  t r a n s p o r t  Ca ++ op- 
t imal ly  a t  t he  concen t ra t ions  where  re laxa t ion  occurs. 
W i t h  pigeon hea r t  mi tochondr ia ,  half  m a x i m a l  s t imu-  
la t ion was ob ta ined  wi th  20 FM Ca ++. This difference 
could be the  consequence  of some non-specif ic  damage  to  
the  Ca++ t r anspo r t i ng  sys tem,  since pigeon hea r t  mito-  
chondr ia  were p repa red  wi th  t he  pro te inase  m e t h o d ;  
evidence has been p rov ided  ~ t h a t  t he  pro te inase  could 
damage  the  Ca ++ t r anspo r t i ng  sys tem.  

A calculat ion can now be made  of the  to ta l  a m o u n t  of 
Ca++ t h a t  m u s t  be r emoved  f rom t ropon in  (the receptor  
p ro te in  for Ca++ in muscle'S),  dur ing re laxat ion.  Cardiac 
t ropon in  b inds  abou t  20 nMoles of Ca ++ per  mg ~s, ~ and 
there  are abou t  3 mg of t ropon in  per  g of muscle  in hear t .  
A to ta l  of abou t  60 nMoles of Ca ++ mus t  therefore  be 
r emo v ed  f rom t ropon in  as the  hea r t  re laxes af ter  each 
contraction~6. Calculat ions of LANO~R x~ have  shown t h a t  
re laxa t ion  lasts  not  less t h a n  200 msec;  we have  calculated 
the  initial  veloci ty  of Ca++ up take  by  hea r t  mi tochondr i a  
(i.e. t h e  ra te  of up take  dur ing  the  first  10 sec) f rom media  
conta in ing  free Ca++ concen t ra t ions  increasing f rom 10 -~ 
to  10-~M, and  have  ex t rapo la t ed  values of a t  least  1-1.5 
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Fig. 1. ]Kinetics of cytochrome b changes in rat liver mitochondria 
on addition of Ca++. Cytoehrome b was measured in the double-beam 
spectrophotometer at 430-410 rim. Theincubation mixture contained : 
0.3M mannitol-sucrose, 0.005 M Tris-HCl pH 7.4, 1 ~M rotenone, 
3 mg protein per ml. After suecinate addition, 3 mM Ca-EGTA 
(0.87:1) complex was added to give a final free Ca ++ concentration 
of 10-6M. 
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]Fig. 2. Plot of cytochrome b changes in rat liver mitochondria as a 
function of Ca ++ concentrations. Conditions as in Figure 1. The ratio 
Ca++: EGTA varied according to PORTZEHL et al. n to give the final 
concentrations indicated. 
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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  

a~ We are indebted to Dr. t3. CI~ANC~ for many stimulating discus- 
sions and for facilitating the progress of the work with the generous 
hospitality in his Institute. 

1~ Present address: Institute of General Pathology, University of 
Modena, Via Campi 287, 1-41100 Modena (Italy). 

e0 Present address: Institute of General Pathology, University of 
Padova, Italy. 

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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