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p h r a g m s  were i n c u b a t e d  in buffer  c o n t a i n i n g  (D4C) glu- 
cose a n d  t h e n  i n c u b a t e d  in  buffer  con ta in ing  d i f fe rent  
c o m b i n a t i o n s  of glucose (e i ther  label led or  unlabel led)  and  
insul in.  These  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  insu l in  does 
n o t  a l t e r  t he  r a t e  of b r e a k - d o w n  of l abe l led  glycogen w h e n  
t issues  are t r an s f e r r ed  to  buffer  wh ich  does n o t  con t a in  
label led glucose. The  presence  of insu l in  a lone  in the  
second m e d i u m  of i n c u b a t i o n  s t imu la t e s  the  f o r m a t i o n  of 
un labe l l ed  g lycogen;  a s imi lar  a m o u n t  of un labe l l ed  
glycogen is fo rmed  in  t h e  presence  of insu l in  a n d  label led  
glucose. 

Discussion. These  resul t s  show t h a t  insul in  s t i m u l a t e s  
t he  i n c o r p o r a t i o n  of exogenous  glucose in to  the  glycogen 
of t he  mouse  h e m i d i a p h r a g m  in vi t ro .  This  effect  can  be  
s t i m u l a t e d  b y  increas ing  t he  c o n c e n t r a t i o n  of glucose in 
t he  i n c u b a t i o n  med ium.  Ear l i e r  work  in th i s  l a b o r a t o r y  6 
ha s  shown  t h a t  insu l in  increases  no t  on ly  the  a m o u n t  of 
glucose en t e r i ng  t he  mouse  d i a p h r a g m ,  b u t  also t he  per-  
cen tage  of t h i s  glucose wh ich  is i nco rpo ra t ed  in to  glyco- 
gen. An  increase  in t he  c o n c e n t r a t i o n  of glucose p roduces  
a n  increase  in  t he  glucose en t e r ing  t he  t issues w i t h  a 
p r o p o r t i o n a l  increase  in the  i nco rpo ra t i on  of glucose in to  
glycogen.  The  s t i m u l a t i n g  effect  of insu l in  on  t he  incor-  
p o r a t i o n  of exogenous  glucose in to  glycogen is t h e n  no t  
solely occas ioned b y  t he  increased  p e n e t r a t i o n  of glucose 
in to  t he  t issues,  a n d  could be m e d i a t e d  b y  the  k n o w n  ef- 
fect  of insu l in  on  U D P G - a - g l u c a n  t ransg lucosy lase  1. Our  
e x p e r i m e n t s  show t h a t ,  a t  h i g h  concen t r a t i ons  of insu l in  
(100 #U/ml ) ,  less t h a n  ha l f  the  glycogen increase  is due to 
the  i nco rpo ra t i on  of exogenous  glucose in to  glycogen.  
Insu l in ,  in  t he  absence  of glucose, induces  an  increase  in 
the  g lycogen of t he  mouse  d i a p h r a g m  and  th i s  increase  in 
g lycogen is of t he  same o rde r  of m a g n i t u d e  as t he  increase  
in  un labe l l ed  glycogen w h e n  i n c u b a t i o n s  are ca r r i ed  o u t  
w i t h  label led glucose. These  resul t s  could be i n t e r p r e t e d  
as m e a n i n g  t h a t  insu l in  pe r m i t s  the  d i a p h r a g m  to uti l ize 
a pool  of g l u c o s e - l - p h o s p h a t e  for glycogen syn thes i s  and  
t h a t  th i s  pool  is n o t  in equ i l ib r ium w i t h  glucose en t e r i ng  
t he  t issues.  W e  h a v e  shown  t h a t ,  a f t e r  1 h i n c u b a t i o n  in 

(1 HC) glucose, a second i n c u b a t i o n  w i t h  insu l in  a lone 
resu l t s  in  t he  f o r m a t i o n  of un labe l l ed  glycogen. Th i s  
a rgues  in  f a v o u r  of a rou te  of g lycogen synthes i s  wh ich  
is i n d e p e n d e n t  of glucose en t e r ing  the  tissues, as i t  is to  
be expec t ed  (a l though  no t  p roven)  t h a t  the  pool  of 
g lucose - l - phospha t e  would  be  in equ i l ib r ium w i t h  
exogenous  glucose a f te r  1 h i ncuba t ion .  

W e  conclude  t h a t  the  f a s t ing  mouse  d i a p h r a g m  con ta ins  
a glycogen p recurso r  wh ich  does no t  equ i l ib ra te  w i t h  glu- 
cose en t e r ing  t he  t i ssues  and  wh ich  is t r a n s f o r m e d  in to  
glycogen b y  t he  ac t ion  of insulin.  In su l in  also s t imu la t e s  
the  i n c o r p o r a t i o n  of exogenous  glucose in to  glycogen, b y  
a m e c h a n i s m  which  m a y  cor respond  to t h a t  invo lv ing  the  
k n o w n  ac t ion  of insul in  on  UDPG-:c-g lucan  t ransg lucosy l -  
ase. 

Zusammen[assung. In su t i nzugabe  in  ein Milieu m i t  
(U14C) Glukose  s t imu l i e r t  gleichfalls  die B i l dung  des 
radio-  wie des n i c h t - r a d i o a k t i v e n  Glykogens  in vi t ro .  
In su l in  v e r m e h r t  ebenso die B i l dung  yon  Glykogen  d u r c h  
das  M~tusezwerchfell bei  Abwesenhe i t  von  Glukose im 
I n k u b a t i o n s m i l i e u .  Es  wird  eine doppe l te  Glykogen-  
b i l d u n g  a n g e n o m m e n :  1. I n k o r p o r a t i o n  von  exogener  
Glukose in Glykogen ;  2. I n k o r p o r a t i o n  eines endogenen  
Vorl/ iufers im Glykogen,  der  m i t  Glukose n i c h t  i den t i s ch  
ist. 
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Initial Myocardial  Succ ino-Oxidase  Activity 
Changes  Induced by Intravenous  Infusion of 

Escherichia coli Endotoxin  in Rabbit 1 

Previous ly ,  we h a v e  obse rved  c e r t a i n  m y o c a r d i a l  en- 
z y m a t i c  changes  a n d  card iac  f u n c t i o n a l  changes  a f t e r  
acu te  h i s t a m i n i c  shock  s, acu te  h e m o r r h a g i c  shock  s, a n d  
acu te  e n d o t o x i n  or h y p o x i c  shock ~ in dogs. These  myo-  
ca rd ia l  changes ,  however ,  m i g h t  be b r o u g h t  a b o u t  b y  
t he  p r i m a r y  va scu l a r  changes  i nduced  b y  chemica l  sub-  
s t ances  (e.g. h i s t amine ,  5 - h y d r o x y t r y p t a m i n e ,  ca techol -  
amines ,  b r a d y k i n i n  etc.), wh ich  could be  released du r ing  
hypo t ens ion ,  e n d o t o x i n  or o t h e r  fo rms  of shock  5. I t  was  
also obse rved  b y  o the r s  6 t h a t  e n d o t o x i n  did  no t  d i r ec t ly  
af fec t  t he  m a m m a l i a n  hea r t ,  b u t  r a t h e r  reac ted  p r i m a r i l y  
to  t he  pe r iphe ra l  vessels,  w h e r e b y  t he  venous  r e t u r n  to 
t he  h e a r t  would  be  r educed  and,  secondar i ly ,  card iac  
func t ions  would  be  affected.  I n  order  to  clar i fy th i s  p rob -  
lem, e n d o t o x i n  was in jec ted  in to  t he  ear  ve in  of r abb i t s ,  
a n d  i ts  in i t ia l  effect  on  t he  myoca rd i a l  succino-oxidase  
s y s t e m  was s tudied .  Also, no  b lood  pool ing  in  t he  hepa to -  
sp lanch in ic  s y s t e m  h a s  been  obse rved  in  t he  r a b b i t  b y  

e n d o t o x i n  7, e v e n  t h o u g h  e n d o t o x i n  can  induce  o t h e r  
vascu la r  r eac t ions  s imi la r  to  those  of a n a p h y l a x  s. Thus ,  
h i s t a m i n e  was  also infused in to  the  r a b b i t  and  i ts  ear ly  
effect  on  t he  h e a r t  was s tudied.  

Method and materials. A to t a l  of 100 a lb ino r a b b i t s  of 
b o t h  sexes, we igh ing  2 to  4 kg each, was anes the t i z ed  
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w i t h  s o d i u m  p e n t o b a r b i t a l  (20 m g / k g ) .  E l l d o t o x i n  
( 0 1 1 1 : B 4  L i p o p o l y s a c c h a r i d e  o f  E scher i ch i a  coli, ob -  
t a i n e d  f r o m  Di fco  L a b ,  D e t r o i t ,  M i c h i g a n )  (1.0 m g / k g )  or  
h i s t a m i n e  (1.0 m g / k g )  w a s  i n f u s e d  i n t o  t h e  e a r  v e i n  o f  a 
r a b b i t ,  w h i c h  w a s  s a c r i f i c ed  a f t e r  15 ra in .  A n o t h e r  g r o u p  
o f  r a b b i t s  w a s  p r e t r e a t e d  w i t h  r e s e r p i n e  (3 m g / k g / d a y )  
fo r  t h r e e  d a y s ,  a n d  t h e  t h i r d  g r o u p  r e c e i v e d  t h e  c o m p o u n d  
48 /80  t w i c e  d a i l y  for  t w o  d a y s  a n d  once  in  t h e  m o r n i n g  
o f  t h e  e x p e r i m e n t  (on t h e  f i r s t  d a y ,  0.2 m g / k g ;  o n  t h e  
s e c o n d ,  0.5 m g / k g  of  48/80;  a n d  o n  t h e  e x p e r i m e n t a l  d a y ,  
1.0 m g / k g ) ,  a n d  c o r t i s o n e  a c e t a t e  (200 m g / d a y  f o r  t h r e e  
d a y s ) .  E n d o t o x i n  (1.0 m g / k g )  w a s  a l so  i n j e c t e d  in  t h e s e  
d r u g - p r e t r e a t e d  g r o u p s .  A pa i r  of  h e a r t  m u s c l e s  o b t a i n e d  
f r o m  t w o  i d e n t i c a l l y  t r e a t e d  r a b b i t s  we re  h o m o g e n i z e d  
a n d  m i t o c h o n d r i a  i s o l a t e d  s. T h e  m i t o c h o n d r i a  w e r e  d is -  
r u p t e d  in  t h e  co ld  b y  a S o n i f i e r  ( B r a n s o n  S on i c  P o w e r  
Co.,  D a n b u r y ,  Conn . )  a n d  a c o o l i n g  j a c k e t  for  3 to  5 m i n .  
T h e  s u c c i n a t e  d e h y d r o g e n a s e  ( S D H )  a n d  c y t o c h r o m e  
o x i d a s e  (COase)  a c t i v i t i e s  w e r e  m e a s u r e d  a t  26 ~ w i t h  a 

Ze i s s  s p e c t r o p h o t o m e t e r  a t  w a v e - l e n g t h s  of  400 n m  a n d  
550 n m ,  r e s p e c t i v e l y  9. 

Resu l t s  a n d  d i scuss ion .  T h e  S D H  a c t i v i t y  w a s  s ign i f i -  
c a n t l y  d e c r e a s e d  w i t h  t h e  i n f u s i o n  of e n d o t o x i n  o r  
h i s t a m i n e  in  r a b b i t s  (Tab l e  I ) ;  h o w e v e r ,  t h e  C O a s e  a c -  
t i v i t y  w a s  n o t  c h a n g e d  b y  e n d o t o x i n  o r  h i s t a m i n e  w i t h i n  
t h e  g i v e n  p e r i o d  of t i m e  (Tab le  I I I ) .  P r o b a b l y ,  t h e  S D H  
is a v e r y  s e n s i t i v e  e n z y m e  r e s p o n d i n g  d u r i n g  t h e  e a r l y  
p e r i o d  of  s h o c k .  T h e  S D H  a c t i v i t y  w a s  a lso  d e c r e a s e d  b y  
d e p l e t i o n  o f  c a t e c h o l a m i n e s  a n d  5 - h y d r o x y t r y p t a m i n e  
(by  r e s e r p i n e ) ,  a n d  b y  e n d o g e n o u s  h i s t a m i n e  (by  48/80)  
( con t ro l  0 .7904  4- 0 .06197 c o m p a r e d  to  t h a t  o f  r e s e r p i n e -  
0 .3818 4- 0 .01794 ;  p < 0 .001;  c o n t r o I - 0 . 7 9 0 4  :J: 0 .06197 
c o m p a r e d  t o  t h a t  of  48/80  - 0 .5819  4- 0 .7505;  p < 0.02).  
T h e r e f o r e ,  i n f u s i o n  of  e n d o t o x i n  d id  n o t  c a u s e  a d d i t i o n a l  
c h a n g e s  in  t h e  S D H  a c t i v i t y  ( T a b l e  I I )  i n  t h e s e  d r u g -  
p r e t r e a t e d  g r o u p s .  T h e  C O a s e  a c t i v i t y  w a s  n o t  a l t e r e d  b y  
d r u g - p r e t r e a t m e n t ;  h o w e v e r ,  t h e  e n d o t o x i n  i n f u s i o n  in  
t h e s e  g r o u p s  b r o u g h t  a b o u t  s i g n i f i c a n t  d e p r e s s i o n  o f  
C O a s e  a c t i v i t y  (Tab le  IV) .  A p p a r e n t l y ,  t h e  m y o c a r d i a l  

Table I. Cardiac succinate dehydrogenase activity of rabbits 
(activity per mg protein of Mitochondria per rain) 

Exper. No. Control Endotoxin Histamine 

1 0.722 0.440 0.569 
2 0.718 0.420 0.594 
3 0.944 0.529 0.638 
4 0.666 0.484 0.586 
5 0.902 0.468 0.578 

Mean 4. SEM 0.7904 0.4682 0.5930 
4. 0.06197 4. 0.02101 :~= 0.01341 

t ,~ (Control t = 4.92359 t=3.11337 
and exper.) 

pb (Control p < 0.01 p <: 0.02 
and exper.) 

Difference in Means Standard Deviation 

p = Obtained from Student 's  t Distribution (R. A. Fis~Er~ and F. 
YA'I'ES, Statistical Teb~es ]or Biological, Ageicultuml, ~znd Medical 
Research (Oliver & Boyd Ltd., Edinburgh 1949), Table I n .  

Table II. Cardiac succiIlate dehydrogenase activity of pretreated 
rabbits (activity per ing protein of mitoehondria per min) 

Exper. Reserpine Reserpine 48/80 48/80 
No. (control) -~ toxin (control) + toxin 

1 0.426 0.335 0.797 0.570 
2 0.335 0.414 0.844 0.638 
3 0.345 0.418 0,867 0.461 
4 0.401 0.395 0.856 0.549 
5 0.398 0.478 0.450 0.615 
6 - 0.485 0.433 0.527 

7 - 0.414 0.428 0.630 
8 - 0.466 0.357 0.645 
9 - 0.491 0.392 0.662 
10 - 0.505 0.395 0.556 

Mean 0.3818 0.4401 0.5819 0.5853 
4. SEM 4. 0.01794 i :t_ 0.01787 j :  0.07505 4. 0.02119 

t (control l = 2.30235 t = 0.4359 
and exper.) 

p (control p < 0.05 p < 0.7 
and exper.) 

Table III. Cardiac cytochrome oxidase activity of rabbits 
(activity per mg protein of mitocbondria per rain) 

Exper. No. Control Endotoxin Histamine 

1 8.06 6.93 9.17 
2 8.16 8.00 12.42 
3 8.10 7.00 11.50 
4 7.22 6.13 - 
5 8.06 6.57 - 

Mean 7.920 6.926 11.030 
4. SEM • 0.2794 4. 0.3463 4. 1.41507 

t (control t = 2.2387 t - 1.4852 
and exper.} 

p (control p < 0.1 p < 0.1 
and exper.) 

Table IV. Cardiac cytochrome oxidase activity of pretreated rabbits 
(activity per mg protein of mitochondria per rain) 

Exper. Control Reserpine 48/80 48/80 
No. (reserpine) + toxin (control) + toxin 

1 5.57 5.12 8.75 10.00 
2 6.32 4.88 10.00 9.80 
3 7.93 4.81 9.13 5.73 
4 6.83 4.42 9.47 6.00 
5 5.79 5.58 9.79 4.70 
6 - - 8.21 8.10 
7 - 10.11 5.85 
8 - - 9.63 6.40 
9 - - 10.74 5.70 
10 - - 9.29 6.60 

Mean 6.488 4.962 9.512 6.888 
4. SEM 4. 0.4713 ::l_ 0.2137 4- 0.2401 4. 0.6020 

t (control t - 2.9488 t -  4.04938 
and exper.) 

p (control p < 0.02 p < 0.001 
and exper.) 

9 G. H. HOGEBOOM, in Methods in Enzymology, vol. 1 (Ed., S. P. 
COLOWICK and N. O. I~APLAN; Academic Press, New York 1955), 
p. 16. 
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e n z y m a t i c  changes  are e n h a n c e d  b y  the  d r u g - p r e t r e a t -  
men t .  Also, t he  card iac  changes  i nduced  b y  e n d o t o x i n  
a n d  h i s t a m i n e  in r a b b i t s  were ident ica l ,  sugges t ing  t h a t  
e n d o t o x i n  shock  m i g h t  be m e d i a t e d  b y  h i s t a m i n e  in v ivo  8. 

I t  was  k n o w n  t h a t  no  s ign i f ican t  b lood pool ing  in the  
h e p a t o - s p l a n c h i n i c  sys t em of r a b b i t  a f te r  e n d o t o x i n  in- 
fus ion ~, and  t he  obse rved  m y o c a r d i a l  S D H  a c t i v i t y  
changes  m i g h t  h a v e  been  b r o u g h t  a b o u t  b y  p r i m a r y  ac- 
t i o n  of e n d o t o x i n  on  t he  h e a r t  a t  t he  g iven  per iod  of t ime  
(15 min) .  Previous ly ,  s t r ep to lys in -O was t he  on ly  k n o w n  
bac te r i a l  t o x i n  to induce  p r i m a r y  card iac  depress ion  1~ 
E v e n  t h o u g h  no  depress ion  of f unc t i on  h a s  b e e n  found  
a f t e r  e n d o t o x i n  infus ion  in t he  i so la ted  r a b b i t  h e a r t  n ,  t he  
p re sen t  s t u d y  is cons i s t en t  w i t h  our  r ecen t  f indings  m a d e  
a f t e r  c o r o n a r y  in fus ion  of e n d o t o x i n  in t h e  can ine  hea r t ,  
in  situ.  I t  was  seen t h a t  card iac  m e c h a n i c a l  a n d  bio- 
chemica l  func t iona l  changes  t h a t  occur red  ~*, s t rong ly  
sugges ted  t h a t  the  e n d o t o x i n  m i g h t  r eac t  p r imar i l y  on  
t he  h e a r t  as well as on  t he  pe r iphe ra l  vessels. W e  also 
found  t h a t  exogenous  h i s t a m i n e  infus ion  in to  the  coro- 
n a r y  a r t e r y  resu l ted  in m y o c a r d i a l  func t iona l  changes  
s imi la r  to  t h a t  of e n d o t o x i n  shockl3,1.. 

Zusammen/assung. Escherichia coli-Endotoxin (1 m g  
pe r  kg) wurde  in die Ohrvene  yon  K a n i n c h e n  in j iz ie r t :  

Die Su cc i n a t -d eh y d ro g en as e -  u n d  C y t o c h r o m o x y d a s e -  
Aktivi tS. t  in  den  Mi tochondr i en  des Herzmuske l s  wurde  
n a c h  15 m i n  verAnder t .  Es  is t  wahrsche in l ich ,  dass  das  
E n d o t o x i n  sowohl  auf  das  Herz,  als a u c h  auf  die peri-  
p h e r e n  GefAsse d i r ek t  wirkt .  
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Presbyterian Hospital, Philadelphia (Pa. USA), 
October 78, 1965. 
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Effect of Acute  and E x h a u s t i v e  E x e r c i s e  U p o n  
the  Fine S t r u c t u r e  of Hear t  M i t o c h o n d r i a  

M i t o c h o n d r i a  are a m o n g  t h e  m o s t  labi le  of m y o c a r d i a l  
s t ruc tu res ,  and  the  f i rs t  to  r eac t  to  d i f fe rent  s t imul i .  Most  
of t he  s tud ies  conce rn ing  the  modi f i ca t ions  of m i tochon -  
d r ia l  fine s t r u c t u r e  in  d i f fe ren t  s tages  of card iac  f u n c t i o n a l  
over load  h a v e  been  m a d e  a f t e r  long- las t ing  s t imul i .  Acute  
a n d  e x h a u s t i v e  exercise r ep resen t s  p e r h a p s  one of t h e  
be s t  ways  to  o b t a i n  card iac  func t iona l  over load  in a s h o r t  
t ime.  I n  t he  p re sen t  r epo r t  t he  modi f i ca t ions  of mi to -  
chondr i a l  fine s t r u c t u r e  a f t e r  acu te  and  e x h a u s t i v e  exer-  
cise are descr ibed.  

The  o b s e r v a t i o n s  were pe r fo rmed  on t he  hea r t s  of 12 
h e a l t h y  a d u l t  dogs wh ich  were s u b m i t t e d  to acu te  a n d  
e x h a u s t i v e  exercise forcing t h e m  to swim in a t a n k  filled 
w i t h  w a r m  w a t e r  (24 ~ u n t i l  t h e y  b e c a m e  e x h a u s t e d  a n d  
s a n k  in to  t h e  water .  Th i s  occur red  a f te r  va r i ab l e  per iods  
of t ime,  r a n g i n g  b e t w e e n  40 a n d  90 min,  accord ing  to the  
s t r e n g t h  of the  animals .  I m m e d i a t e l y  a f t e r  t h a t  the  dogs 
were a n a e s t h e t i z e d  a n d  a smal l  piece of t he  t ip  of t h e  
h e a r t  was  r e m o v e d  a n d  f ixed in cold 6 .25% g lu ta ra lde -  
h y d e  in  cacody la te  buf fe r  t. The  m a t e r i a l  was  pos t - f ixed  
in o s m i u m  t e t rox ide  and  e m b e d d e d  in Ara ld i t e  2. 

The  e lec t ron  mic rog raphs  of t he  h e a r t  sect ions  revea led  
t h e  ex is tence  of m i t o c h o n d r i a  of u n u s u a l  size. I n  some 
cases the  m i t o c h o n d r i a l  mass  r ep re sen t ed  more  t h a n  one 
ha l f  of t he  whole m y o c a r d i a l  a rea  (Figure  1). The  increase  
in m i t 0 c h o n d r i a l  size could be  seen  u n d e r  t h r ee  d i f fe ren t  
aspects .  I n  some cases the re  a p p e a r e d  to be  a fusion of 
n e i g h b o u r i n g  m i t o c h o n d r i a ,  a p p e a r i n g  as long and  s lender  

i D. D. SABATINI, K. BENSCH, and R. J. BARRNETT, J. Cell Biol. 17, 
19 (1963). 

2 j. H. LUFT, J. Biophys. Biochem. CytoL 9, 409 (1961). 

Fig. 1. Increase of the mitochondrial mass. In this micrograph most 
of the myocardium is represented by mitoehondria with some swelling 

of the matrix, x 12,000. 


