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i sometr ic  t ens ion  value. A similar  effect  can also be de- 
duced  f rom figure 2 of ABBOTT, AIJBERT and HILL 5. 

Using d i f ferent  velocit ies of lengthening,  a charac ter i s t ic  
set  of force-veloci ty  da t a  could be recorded  (Figure). To 
ob ta in  force-veloci ty  curves comparab le  to  the  isotonic 
expe r imen t s  repor ted  in the  l i terature ,  in the  case of mus-  
cle twi tches  the  max ima l  tens ion values charac ter i s t ic  for 
any  given veloci ty  of l engthening  have  been used for the  
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The solid curve has been constructed from the true steady state ten- 
sion values recorded under tetanie conditions for a variety of isovelo- 
city stretches. Theisoveloeity ramp stretches were applied for 100 msec 
to an isometrically contracted muscle (after 3 see of stimulation at a 
rate of 12 pulses/see). The dashed curve corresponds to force-velo- 
city values obtained upon applying an 100 msec isovelocity ramp in- 
put to a muscle contracting isometrically at t = 175 insee, following a 
single pulse stimulus. The pack tension value developed by a parti- 
cular muscle at a given velocity of lengthening was used for the con- 
struction of the curve. When the isovelocity stretches were applied at 
t = 300 msee during the time course of the twitch, the relation be- 
tween peak tension values and velocities is indicated by the dotted 
curve. Each of the 3 curves is the computer-averaged mean least- 
square fit of experiments on 20 nmseles. To be able to compare differ- 
ent experiments, the data have been normalized against the tetanie 
isometric force (F = 1.0) developed by each muscle (between 50 to 
60 rag). For the same reason the velocities of lengthening have been 
expressed as a fraction of the maxinial shortening velocity (V = 1.0) 
characteristic for each muscle, which ranged from 4.5.-4.9 em/sec. 
Each muscle has been tested for at least 6 different velocities. 

cons t ruc t ion  of the  curves;  a t  th is  po in t  there  exist  t ru ly  
isotonic condi t ions  as d F / d t  is zero. 

The resul ts  for co n s t an t  velocit ies of l en then ing  shown 
in the  Figure  differ f rom those  recorded by  KATZ~ for te-  
tanica t ly  s t imula ted  frog sar tor ius  under  sup ramax ima l  
loads. There  no longer exis ts  a unique  force-veloci ty re- 
la t ion for negat ive  velocities, as for d i f ferent  velocit ies of 
l eng then ing  the  same force is developed by  the  muscle. 

Fur the r ,  it  became a p p a r e n t  t h a t  the  force-veloci ty  re- 
la t ion depends  cri t ical ly on the  ac t iva t ion  condi t ions  pre- 
vai l ing wi th in  the  muscle.  If  isoveloci ty s t re tches  were 
appl ied towards  t he  end of the  r is ing phase  of an isometr ic  
twi tch ,  the  max i ma l  force which  can be developed by  the  
muscle  remains  essent ia l ly  co n s t an t  a t  velocit ies above 
0.1 V. Apply ing  the  same s t re tches ,  however ,  dur ing  the  
re laxa t ion  phase  of an isometr ic  twi tch ,  a hyperbol ic  force- 
veloci ty  curve was recorded again, which was a lmos t  the  
inverse of t he  force-veloci ty hyperbo la  character is t ic  for 
muscle  shor tening.  

A likely exp lana t ion  is t h a t  the  shape  of the  force-velo- 
ci ty curve ref lec ts  t he  n u m b e r  of act ive myos in  cross- 
bridges.  Unde r  t e tan ic  condi t ions  t he  high Ca 2+ level m a y  
provide  for max i ma l  ac t iva t ion .  The pos tu la te  is t hen  t h a t  
the  tens ion  rise a t  ve ry  low velocit ies of l engthening  re- 
sults  f rom an actual  compress ion  of the  cross-bridges at-  
t ached  to t he  act in  f i laments  as the  2 sets of f i laments  are 
displaced aga ins t  each o ther  con t r a ry  to the i r  normal  
sl iding direction.  At  the  higher  velocit ies th is  effect  will 
be masked  as the  n u mb er  of cross-bridge l inks decreases. 
In  the  re laxa t ion  phase,  where  the  Ca 2+ concen t ra t ion  is 
a l ready low 6, even very  low velocit ies of l engthening  will 
t e n d  to reduce the  f rac t ion  of a t t a ch ed  cross-bridges.  

Zusammen/assung. Fiir Muskelver l~ngerungen zeigt die 
Kra f t -Geschwind igke i t -Bez iehung  des Frosch-Sar tor ius-  
muskels  bei kons t an t en  Geschwindigkei ten  der  Verlttnge- 
rung eine Doppeldeut igke i t ,  wobei der  Akt iv ie rungsgrad  
des Muskels e inen wesent l ichen  Einf luss fak tor  darste]lt .  
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Influence of Electrical  S t i m u l a t i o n  o n t h e  Subce l lu lar  Dis tr ibut ion  of Dopamine-~3-Hydroxy lase  in 
the Dog  Spleen  

In  previous  s tudies  it has  been shown t h a t  two popula-  
t ions  of noradrena l ine  (NA) conta in ing  vesicles occur in 
s y m p a t h e t i c  nerve  endings  1, 2. In  the  dog spleen these two 
kinds of vesicles are charac ter ized  by  the i r  equi l ibr ium 
densi t ies  in sucrose gradients  (NA1.1~5; NA~.178). The la t t e r  
t y p e  of vesicle conta ins  t he  b iosyn the t ic  enzyme dop- 
amine-f l -hydroxylase  (Drill) 2, app rox ima te ly  80% of 
which  is f i rmly  bound  to  t he  vesicular  membrane ,  t he  
r emain ing  20% being in a soluble form wi th in  the  
par t ic le  3-6. 

The par t i a l ly  soluble p r o p e r t y  of DflH has been made  
use of when  showing t h a t  DflH and  ano the r  protein ,  

ch romogran in  A, also par t ia l ly  soluble wi th in  the  vesicle, 
were released f rom the  spleen by  s t imula t ion  of t he  splenic 
nerves  6-s. F r o m  this  evidence it would seem clear t h a t  the  
NA1.17 s vesicle is d i rec t ly  involved in the  release of NA, 
b u t  the  con t r ibu t ion  of the  o the r  (NA1.1~5) vesicle in the  
release process  was still  unknown.  

The p resen t  expe r imen t s  were u n d e r t a k e n  to  obta in  
addi t iona l  evidence for an exocyto t ic  release mechan i sm 
f rom s y m p a t h e t i c  nerves by  mak ing  use of the  m e m b r a n e  
b o u n d  p r o p e r t y  of DflH. Addi t ional ly ,  the  expe r imen t s  
were designed to show any  changes  in NA-d i s t r ibu t ion  in 
the  spleen a f te r  electrical s t imula t ion .  
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Fig. 1. Control distribution of NA, D/~H and protein after isopycnic 
gradient centrifugatioI1 (for details of eentrifugation see ref.2). The re- 
covery of all 3 components measured was in the range of 85 to 95%. 
Data were obtained from 12 spleens. 
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Fig. 2. Distribtltion of NA and DflH after density gradient centrifu- 
gation of electrically stimulated spleens. Data were obtained from 6 
spleens. 

Mater ials  and methods. The a b d o m e n  of young  mongre l  
dogs under  pen toba rb i t a l  anaes thes ia  was opened  by  
midl ine  incision. The splenic nerves  were t h e n  s t imula ted  
in si tu w i th  b ipolar  p l a t i num electrodes sup ramax ima l ly  
wi th  monophas i c  rec tangular  pulses of 2 msec dura t ion  at  
a ra te  of 10/sec. S t imula t ion  was carr ied out  non-s top  for 
30 min.  

At  the  end of the  s t imula t ion  per iod the  spleens were 
t aken  f rom the  animal  and p repared  and  cent r i fuged as 
prev ious ly  described3. Isopycnic  dens i ty  g rad ien t  centr i -  
fuga t ion  was used in order  to d i f fe rent ia te  t he  NA con- 
ta in ing  par t ic les  and vesicular  and  m e m b r a n o u s  DflH 2. 

NA, Dri l l  and p ro te in  and  dens i ty  were e s t ima ted  as 
previous ly  descr ibed 5. The resul ts  of the  dens i ty  grad ien t  
d i s t r ibu t ions  are expressed exac t ly  as has  been  descr ibed 
by  BEAUFAY et al. 9 Resul ts  are expressed as means  • 
S .E .M.  

Results.  The d i s t r ibu t ion  pa t t e rns ,  in control  spleens, of 
DflH, NA and  pro te in  are shown in Figure  1. As has  been  
prev ious ly  repor ted ,  of the  two  NA-con ta in ing  vesicles 
only one, NA1aTs, is ref lected by  DflH ac t iv i ty  2, a l though 
there  is also some enzyme ac t iv i ty  a t  a lower dens i ty  
range (1.107-1.115). As shown in Figure  2, the re  is a 
re la t ive ly  larger a m o u n t  of DflH ac t iv i ty  a t  th is  low 
dens i ty  level af ter  electrical  s t imula t ion .  I t  is also appa-  
r en t  f rom Figure  2 t h a t  there  is a re la t ive ly  grea ter  loss of 
NA f rom NAI.~25 t h a n  f rom the  o ther  part icle.  The distr i-  
bu t ion  p a t t e r n  of the  to ta l  p ro te in  p a t t e r n  is essent ia l ly  
unchanged.  In  t e rms  of absolute  amounts ,  there  was a small  
b u t  s igni f icant  decrease in NA con ten t  (36.9 • 6.1 ng /mg 
protein)  in the  electr ical ly s t imula ted  as compa red  to the  
contro l  spleen (50.1 4-3.8, P <  0.05). For  Dril l  the re  was no 
s ignif icant  change  (54.14-5.0 uni ts / rag  p ro te in  as com- 
pa red  to  51.54-4.2). 

Discussion.  The mos t  obvious  differences be tween  the  
dens i ty  grad ien t  d i s t r ibu t ion  p a t t e r n s  of the  normal  and  
s t imula ted  spleens are the  re la t ive decrease in the  NA 
co n t en t  of NA1.125 and  the  increase in Drill  ac t iv i ty  a t  the  
lower dens i ty  range (Figure 2). 

In  t e rms  of absolu te  amounts ,  there  was a s ignif icant  
decrease in the  splenic NA co n t en t  bu t  no t  in t he  Dflt{ 
level. Since it has  been shown t h a t  electrical s t imula t ion  
releases DflH from the  splenic nerve  6-s, i t  could be ex- 
pec ted  t h a t  there  would be a decrease in the  absolute  
a m o u n t  of the  enzyme in s t imula ted  spleens. E x p e r i m e n t -  
ally, however,  th is  would  be diff icult  to  show. E v e n  if 
every  vesicle lost i ts  soluble DflH, t hen  the  m a x i m u m  
losses of the  enzyme could only amo u n t  to some 20% ot 
the  total .  Such decreases would not  be s ignif icant ly 
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m e a s u r a b l e  due  to  t i ssue  v a r i a t i o n  of e n z y m e  concen t r a -  
t ion.  

The  fac t  t h a t  t he re  is essen t ia l ly  no  change  in t he  
abso lu te  a m o u n t  of t he  e n z y m e  ind ica tes  t h a t  t h e  in- 
c reased ac t iv i t i e s  r ecovered  in t he  lower dens i ty  r ange  
comes f rom the  NA1.178 par t ic le .  I f  t h i s  is t he  case, and  
since 80% of t he  DflH is b o u n d  to t he  ves icu la r  m e m b r a n e ,  
t h e n  the  vesicle m u s t  be  t r a n s f o r m e d  in to  l igh te r  un i t s  b y  
ne rve  s t i m u l a t i o n  - these  l igh te r  un i t s  poss ib ly  be ing  
f r a g m e n t s  of t he  ves icu la r  m e m b r a n e  itself. 

W h e n  a vesicle c o n t a i n i n g  pe l le t  f rom the  s p l e e n  was 
lysed b y  h y p o - o s m o t i c  shock,  a n d  t h e n  sub jec t ed  to 
dens i t y  g r ad i en t  cen t r i fuga t ion ,  t he  DflH a c t i v i t y  was 
a lmos t  en t i r e ly  conf ined  to  t he  1.107-1.115 dens i ty  range.  
This  a p p a r e n t l y  m e m b r a n e - b o u n d  DflH has  t h e  same 
dens i t y  cha rac te r i s t i c s  as some of t he  DflH p r e s en t  in t he  
spleen a f t e r  e lec t r ica l  s t imu la t ion ,  i.e. s e d i m e n t a t i o n  to  
t he  d e n s i t y  r ange  1.107-1.115. Addi t iona l ly ,  w h e n  a 
ves icu la r  pe l le t  was  i n c u b a t e d  a t  37~ for 30 m i n  to 
e m p t y  i t  of i t s  NA, t h e  dens i t y  of t he  DflH of these  
' e m p t y '  vesicles was 1,150. These  resu l t s  show t h a t  i t  is 
no t  mere ly  a loss of N A  which  causes  t he  m a r k e d  DflH 
dens i ty  changes  a f t e r  e lec t r ica l  s t i m u l a t i o n  b u t  t h a t  t he  
vesicle is f r a g m e n t e d  so t h a t  on ly  t he  m e m b r a n e  remains .  

I t  is a p p a r e n t  t h a t  NA1.125 ha s  lost  more  of i t s  N A  t h a n  
t he  o the r  par t ic le  (Figure 2). W h i l e  i t  seems obv ious  f rom 
p rev ious  e x p e r i m e n t s  6-2 t h a t  NA1.17 s d i rec t ly  releases i ts  
N A  (and DflH), t he  resul t s  r epo r t ed  here  imp ly  t h a t  b o t h  
par t ic les  are i nvo lved  in t he  release process.  W h e t h e r  t h e y  
b o t h  release t he i r  N A  d i rec t ly  in to  t he  ex t race l lu la r  space 
r ema ins  unresolved,  however .  I t  is equa l ly  possible  t h a t  
NAH25 ac ts  as a n  e m e r g e n c y  s tore  of t r a n s m i t t e r  wh ich  
is used to fill t h e  o the r  vesicles u n d e r  s tress  condi t ions .  

Of t he  severa l  modes  of NA release wh ich  h a v e  been  
sugges ted  10, t he  one to gain  t he  mos t  r ecen t  s u p p o r t  has  

been  t h a t  of exocytos is  6-2. The  p r e sen t  series of experi-  
m e n t s  offer a d d i t i o n a l  s u p p o r t  for  t h i s  re lease m e c h a n i s m  
in t h a t  i t  is t he  on ly  one wh ich  could increase  t he  a m o u n t  
of DflH c o n t a i n i n g  m e m b r a n e s .  W h e t h e r  t h e  release is b y  
a t r ue  exocy to t i c  m e c h a n i s m  i.e. a fusion of t he  ves icu lar  
a n d  axona l  m e m b r a n e s  for a f in i te  t ime,  or b y  a reversed  
p inocy tos i s  where  t he  vesicle is i nco rpo ra t ed  in to  t he  
a x o n a l  m e m b r a n e ,  c ~ n n o t  be  reso lved  b y  these  experi-  
men t s .  In  e i the r  case, however ,  t h e  r e s u l t a n t  increase  in 
ves icu la r  m e m b r a n e  in t h e  ne rve  end ings  ind ica tes  t h a t  
once h a v i n g  fused, t he  vesicle is rep laced  and  no t  reused  11. 

Rdsumd. Une  s t i m u l a t i o n  61ectrique in s i tu  de la r a t e  du  
ch ien  p r o v o q u e  l ' a p p a r i t i o n  de m e m b r a n e s  c o n t e n a n t  de 
la dopamine- f l -hydroxy lase .  Les m e m b r a n e s  son t  t'r6s 
p r o b a b l e m e n t  le r6 su l t a t  d ' u n e  fus ion de la m e m b r a n e  
axona le  e t  de la m e m b r a n e  v6siculaire,  p e n d a n t  le pro- 
cessus de d4charge.  Une  tel le f o r m a t i o n  de m e m b r a n e s  
i nd ique  que les pa r t i cu les  charg6es  de no rad r6na l i ne  ne 
p e u v e n t  ~tre ut i l is6es q u ' u n e  seule tois. 
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E f f e c t s  o f  N o r a d r e n a l i n e  a n d  T h y r o x i n e  on  C e r e b r a l  M e t a b o l i s m  

I t  is well  k n o w n  t h a t  t h y r o i d  h o r m o n e s  regula te  growth ,  
d i f f e ren t i a t ion  a n d  o x i d a t i v e  m e t a b o l i s m  in var ious  
animals .  The re  are m a n y  i n t e r r e l a t i ons h i p s  be t ween  
ca t echo l amines  a n d  t h y r o i d  h o r m o n e s  1, 3. The  a i m  of th i s  
s t u d y  is to  show w h a t  effect  no rad rena l ine ,  t h y r o x i n e  and  
b o t h  t o g e t h e r  h a v e  on  r e s p i r a t i on  of t h e  r a t  cor tex  slices 
d u r i n g  on togeny .  Because  i t  h a s  been  obse rved  t h a t  t he  
c o n c e n t r a t i o n  of 10 -4 M n o r a d r e n a l i n e  increases  t he  oxy-  
gen c o n s u m p t i o n  of some p a r t s  of t he  b r a i n  2, on ly  th i s  
c o n c e n t r a t i o n  was used. Thyrox ine -doses  a t  t he  d i f fe ren t  
s tages  of o n t o g e n y  were g iven  a p p r o x i m a t e l y  accord ing  
to  TIRRI et  al. 4. 

Materials and methods. Sprague -Dawley  r a t s  were used 
as e x p e r i m e n t a l  an imals .  L i t t e r s  were reduced  to 8 animals .  
H a l f  of t h e m  were in jec ted  s.c. w i t h  t h y r o x i n e  once a day  
a n d  t he  o t h e r  half ,  i n j ec ted  w i t h  0.9% NaC1, se rved  as 
controls .  T h y r o x i n e  was d issolved f i rs t  in  0.1 N N a O H  
a n d  t h e n  d i lu t ed  w i t h  0 .9% NaC1 saline.  T he  an i ma l s  
were kil led b y  decap i t a t i on ,  t he  b ra ins  were excised a t  0~ 
and  0.3-0.4 m m  t h i c k  slices were cu t  f rom t he  cortex.  
The  oxygen  c o n s u m p t i o n  of t he  b r a i n  cor tex  slices was 
m e a s u r e d  b y  c o n v e n t i o n a l  W a r b u r g  t e c h n i q u e  a t  37~ 
us ing  K r e b s - R i n g e r  p h o s p h a t e  sal ine (pH 7.2) w i t h  
glucose {6 m M )  as a m e d i u m .  P u r e  oxygen  was  used as 
gaseous phase .  N o r a d r e n a l i n e  used in ha l f  of t he  experi-  
m e n t s  was  t i p p e d  in to  t he  m e d i u m  af te r  t he  f i rs t  mano- 

met r i c  reading.  Usua l l y  less t h a n  120 sec e lapsed f rom 
d e c a p i t a t i o n  to cool ing of t he  b r a i n  w i t h  sal ine and  a f te r  
15-20 ra in  t he  W a r b u r g  vessels were in t he  t h e r m o s t a t .  
The  resul t s  were ca lcu la ted  on t he  bas is  of d ry  we igh t  of 
t he  t i ssues  and  expressed  as QO 2 (lxl O 3 pe r  m g  d ry  we igh t  
pe r  h) for t he  f i r s t  t h r e e  30-min per iods  a f t e r  t he  gassing 
a n d  equ i l ib ra t ion  per iods  of 5 m i n  a n d  10 rain,  respect ively .  

Results and discussion. I t  can  be seen f rom Tab le  I t h a t  
n o r a d r e n a l i n e  (10 -4 M) h a d  no  effect  on t he  r e sp i r a t ion  of 
r a t  b r a i n  cor tex  slices d u r i n g  on togeny .  I n  an  ear l ier  s tudy ,  
i t  was observed  t h a t  n o r a d r e n a l i n e  does no t  affect  t he  
r e sp i r a t i on  of t he  a d u l t  r a t  cor tex  slices 3. However ,  nor-  
ad rena l ine  increased  t he  r e sp i r a t ion  of cor tex  slices in  age 
groups  of 20, 40 a n d  120 days  in r a t s  t r e a t e d  w i t h  t h y r o -  
xine.  I t  was  genera l ly  obse rved  t h a t  t i le s t i m u l a t i o n  of 
oxygen  c o n s u m p t i o n  caused  b y  n o r a d r e n a l i n e  decreases  
as a func t ion  of t ime.  Because  10 days  was t he  on ly  age 
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