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T h e  Effect  of Insu l in  on  the  F o r m a t i o n  of G l y c o -  
gen  by the  M o u s e  D i a p h r a g m  in v i tro  

LARNER and  VILLAR-PALASI 1 h a v e  shown t h a t  insu l in  
s t imu la t e s  muscle  U D P G - ~ - g l u c a n  t r ansg lucosy lase  a n d  
th i s  effect  is i n d e p e n d e n t  of the  presence  of glucose in t he  
m e d i u m  ~. The  e x p e r i m e n t s  r epo r t ed  here  were unde r -  
t a k e n  to e s t ima te  t i le i m p o r t a n c e  of th i s  effect  of insu l in  
in  t he  mouse  muscle  in  vi t ro .  

21~rethods. Mouse h e m i d i a p h r a g m s  were o b t a i n e d  f rom 
fas ted  male  mice of be t w een  15 a n d  20 g. Before  incuba-  
t ion,  t he  t i ssues  were soaked ill K r e b s '  b i c a r b o n a t e  buf fe r  
a t  4 ~ I n c u b a t i o n  m e d i a  were p r epa red  b y  a d d i n g  glu- 
cose (or (t4C) glucose) a n d  insu l in  to  Krebs '  buf fer  wh ich  
c o n t a i n e d  2 m g  of ge la t in /ml .  I n c u b a t i o n s  were car r ied  
ou t  for 1 h a t  37 ~ a f t e r  gass ing t he  i n c u b a t i o n  f lasks 
w i t h  9 5 %  0 .2 -5% CO~. The  g lycogen was e x t r a c t e d  
f rom the  t issues a f te r  i n c u b a t i o n  b y  30% KOH,  precipi-  
t a t e d  b y  alcohol  a n d  isola ted b y  cen t r i fuga t ion .  The  
glycogen was d e t e r m i n e d  for each  t issue b y  t he  a n t h r o n e  
m e t h o d  a and  t he  r a d i o c a r b o n  in t he  glycogen m e a s u r e d  
b y  l iquid sc in t i l l a t ion  c o u n t i n g  4. The  resu l t s  of t he  glyco- 
gen and  r a d i o c a r b o n  m e a s u r e m e n t s  are p r e sen t ed  as #g  
of glycogen (or label led  g lycogen) /mg we t  t issue. The  
fac to r  for c o n v e r t i n g  t he  r a d i o c a r b o n  c o n t e n t  of g lycogen 
to #g of glycogen was d e t e r m i n e d  b y  m e a s u r i n g  the  glu- 
cose c o n t e n t  of mouse  muscle  glycogen, b y  acid hydrolys is ,  
a n d  t he  specific a c t i v i t y  of the  (~4C) glucose in t he  i ncuba -  
t ion  med ium.  I t  was  a s sumed  t h a t  the  molecules  of glu- 
cose en te r ing  t he  d i a p h r a g m s  are i nco r po r a t ed  in to  
glycogen w i t h o u t  t h e i r  c a r b o n  a t o m s  unde rgo ing  ex- 
change  reac t ions .  The  d a t a  were t h e n  sub jec t ed  to  a n  
ana lys i s  of va r i ance  5 to e s t ima te  the  s t a t i s t i ca l  signifi- 
cance  of the  results .  

Results. Table  i shows t h a t  a n  increase  in e i the r  t he  
c o n c e n t r a t i o n  of glucose or of insul in  s t imu la t e s  t he  
f o r m a t i o n  of glycogen.  At  all levels of glucose tes ted ,  
inc lud ing  zero, 125 # U  of i n su l in /ml  f u r t h e r  increases  the  
f o r m a t i o n  of gIycogen. The  resu l t s  p re sen ted  in Table  
I I (A)  d e m o n s t r a t e  t h a t ,  in  the  presence of a f ixed a m o u n t  
of (U14C) glucose, a n  increase  in the  c o n c e n t r a t i o n  of 
insu l in  causes an  increase  in the  t o t a l  label led and  un-  
label led glycogen fo rmed  b y  t he  t issues.  I n  Table  I I (B)  
a n  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  i n s u l i n  is  s h o w n  t o  
i n c r e a s e  t h e  t o t a l  g l y c o g e n  f o r m e d  b y  t h e  d i a p h r a g m s  i n  
t h e  a b s e n c e  o f  g l u c o s e  i n  t h e  i n c u b a t i o n  m e d i u m .  T a b l e  
I I I  s u m m a r i z e s  t h e  r e s u l t s  o f  e x p e r i m e n t s  i n  w h i c h  d i s -  

Table  I. The inf luence of the c o n c e n t r a t i o n s  of insul in  a n d  of glucose 
on the  fo rma t ion  of g lycogen  b y  the  mouse  d i a p h r a g n l  in vi t ro .  

Tab le  I I .  The  inf luence of insul in  on  the  compos i t i on  of g lycogen  
f o r m e d  b y  the  mouse  h e m i d i a p h r a g m  in v i t ro  

Insu l in  Glycogen  compos i t i on  
(/*U/ml) 

A. 
W i t h  12.6 m M  (U14C) glucose 

B~ 
W i t h o u t  
glucose 

T o t a l  Labe l led  Unlabe l led  T o t a l  

0 3.98 2.60 1.32 0.46 
5 5.80 4.30 1.42 0.70 

25 6.50 4.50 2.00 3.10 
50 10.60 5.65 4.95 4.80 

100 13.90 7.60 7.90 8.15 

D 3,02 0.76 2.60 3.02 

E a c h  va lue  is the  m e a n  (as/~g of g lycogen / r ag  tissue) of the  g lycogen  
c o n t e n t  of e ight  t issues wh ich  were i rmuba t ed  in two  g roups  of four .  
The  di f ference be tween  the  g roups  is no t  s ign i f ican t  a t  P = 0.05, 
whereas  the  difference be tween  the  response  to  d i f fe ren t  condi t ions  

of i n c u b a t i o n  is s ign i f ican t  a t  P = 0.001. 

Tab le  I I I .  The  effect of i n c u b a t i o n  wi th  a n d  w i t h o u t  insul in  on the  
compos i t i on  of g lycogen  fo rmed  b y  the  mouse  d i a p h r a g m  d u r i n g  a 

p r e l i m i n a r y  i n c u b a t i o n  wi th  (114C) glucose 

Incu-  Compos i t ion  of T o t a l  G lycogen  compos i t i on  
ba t i on  the  m e d i u m  Labe l led  Unlabel led  

No. 1 A. 5.8 I n M  (114C) 
glucose 3.80 0.89 2.20 

No. 2 B. 5.8 m M  (P4C) 
glucose 4.65 0.64 4.00 

C. 5.8 m M  (1~C) 
glucose + 100/~U 
insul in /ml  8.80 1.36 7.44 

D. 5.6 m M  glucose 2.48 0.46 2.01 

E. 5.6 m M  glucose 
+ 1 0 0 # U  insu l in /ml  7.10 0.45 6.65 

F. bu f fe r  a lone 0.83 0.46 0.37 

G. buf fe r  + 1 0 0 # U  
insul in /ni l  5.75 0.12 5.60 

0.44 0.00 0.44 

1.58 0.26 0.14 

U n i n c u b a t e d  d i a p h r a g m s  

D (for P ~ 0.001) 

Glucose To ta l  g lycogen  
(mM) 

A. B. 
W i t h o u t  W i t h  125/zU 
insul in  insu l in /ml  

0.0 0.74 2.26 
5.4 1.02 2.72 

11.4 1.61 2.83 
17.1 2.20 3.44 

D = 0.40 

The  g lycogen  con t en t  in u n i n c u b a t e d  t issues is 0.54 :~ 0.04 # g / n l g  
t issue (mean • s.d.  for  40 tissues). E a c h  va lue  is the  m e a n  (as 
/~g/mg wet  tissue) of the  g lycogen  con t en t  of six t issues.  D is the  
r equ i r ed  m i n i m u m  dif ference be tween  the  m e a n s  for  t h e m  to be  

s t a t i s t i ca l ly  d i f ferent  a t  P = 0.01. 

The  va lues  r ep resen t  the  c o m b i n e d  resul t s  of two exper iments .  Fo r  
each  e x p e r i m e n t  24 t issues were  i n c u b a t e d  in m e d i u m  A for 1 h a n d  
ba t ches  of four  t issues i n c u b a t e d  in the  m e d i a  B G one  m o r e  h. 
F o u r  t issues were  frozen a t  the  end  of the  f irst  i ncuba t ion .  The re  was  
no s ign i f i can t  dif ference be tween  the  resul ts  of the  two  expe r imen t s  
at  P - 0.05, whereas  the  response  of the  t issues to the  di f ferent  
med ia  was  s igni f icant  a t  P ~ 0.001. The  va lues  are the  m e a n s  of 

the  g lycogen  con ten t s  (in beg/rag tissue) of e ight  t issues.  
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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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