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of Newly -Formed  Rat Liver Glycogen 

13y D. D. CHAPMAN, J. M. FELTS~ and I. L. CHAIKOFF 1, Berkeley 

I n  a n  ea r l i e r  s t u d y  on  l ive rs  of  d i a b e t i c  r a t s  i n j e c t e d  
w i t h  i n su l i n  2, a t t e m p t s  were  m a d e  to  m e a s u r e  g lycogen  
b y  t h e  iodine  a d s o r p t i o n  m e t h o d  of VAN ~VAGTENDONK 3. 
Va lues  as h i g h  as 26 pe r  c e n t  of t h e  w e t  w e i g h t  of t h e  
t i s sue  were  o b t a i n e d  b y  t h i s  m e t h o d .  T h e s e  va lues  for  
g lycogen  fa i led  to  agree  w i t h  those  o b t a i n e d  b y  t h e  
c lass ical  m e t h o d  in w h i c h  t h e  g lycogen  was  h y d r o l y s e d  
w i t h  ac id  a n d  t h e  r e s u l t i n g  g lucose  e s t i m a t e d  b y  i ts  
r e d u c i n g  va lue .  I t  was  t h i s  d i s c r e p a n c y  t h a t  led us to  
s t u d y  iod ine  a d s o r p t i o n  b y  g lycogen  u n d e r  e x p e r i m e n t a l  
c o n d i t i o n s  in  w h i c h  g lycogen  is r a p i d l y  depos i t ed .  

Experimental.  Treatment o/ Animals.  Normal Rats. 
R a t s  of t h e  L o n g - E v a n s  s t r a i n ,  we igh ing  200-300  gm,  
were  u s e d . . T h e s e  a n i m a l s  were  m a i n t a i n e d  on  a n  ade -  
q u a t e  s t o c k  d i e t  u n t i l  t h r e e  d a y s  before  t h e y  were  
sacr i f iced.  D u r i n g  those  3 d a y s  t h e y  were  fed a h i g h  
c a r b o h y d r a t e  d ie t  c o n t a i n i n g  58 % glucose,  22 % case in ,  
6 %  sa l t  m i x t u r e ,  a n d  14% c e l l u f l o u r - v i t a m i n  m i x t u r e .  
The  sa l t  a n d  c e l l u f l o u r - v i t a m i n  m i x t u r e s  h a v e  b e e n  
desc r ibed  e l sewhere  2. 

Diabetic Rats.-Male r a t s  of t h e  L o n g - E v a n s  s t r a i n  
were  m a d e  d i abe t i c  b y  a n  i n t r a v e n o u s  i n j e c t i o n  of 45 m g  
pe r  ki lo b o d y  w e i g h t  of a l l o x a n  m o n o h y d r a t e  (EASTMAN). 
R e c o r d s  of food a n d  w a t e r  c o n s u m p t i o n ,  u r ine  exc re t ion ,  
w e i g h t  changes ,  a n d  g lucose  e x c r e t i o n  in t h e  u r ine  were  
k e p t  for  a p e r i o d  of one  m o n t h  before  t h e  s t a r t  of t h e  
e x p e r i m e n t .  D u r i n g  t h a t  t i m e  t h e  a n i m a l s  m a n i f e s t e d  
f a s t i n g  b Iood  glucose  levels  of 200 m g  p e r  c e n t  or  h ighe r .  

T h e  r a t s  t h a t  were  t o  rece ive  insu l in  were fed t h e  
h i g h  c a r b o h y d r a t e  d ie t  for  s eve ra l  d a y s  before  t he  s t a r t  
of t h e  i n su l in  in j ec t ions ,  a n d  were  c o n t i n u e d  on  t h a t  
d i e t  d u r i n g  t h e  i n j e c t i o n  per iods .  T h e  insu l in  t r e a t m e n t s  
are  de sc r ibed  in T a b l e  1. R a t s  t h a t  r ece ived  no  in su l in  
were  fed t h e  h i g h  c a r b o h y d r a t e  d ie t  for  3 days  a n d  were  
t h e n  sacr i f iced.  

Rats That Were First Fasted and Then Intubated with 
Glucose.-Rats w e i g h i n g  200-250  g m  were  m a i n t a i n e d  
on  t h e  s t o c k  d i e t  u n t i l  t h e  s t a r t  of t h e  f a s t i n g  per iod ,  
w h i c h  l a s t e d  for  18 h.  A t  t h e  e n d  of t h e  18 h, e a c h  r a t  
was  i n t u b a t e d  w i t h  3 g m  of g lucose  in  a 50 % so lu t ion ,  
a n d  was a l lowed  access  to  t h e  h i g h  c a r b o h y d r a t e  d i e t  
u n t i l  sacr i f iced.  :Pairs of t he se  r a t s  were  sac r i f i ced  a t  
3, 6, 9, 12, 18, a n d  24 h a f t e r  i n t u b a t i o n  of t he  glucose.  

Methods. Hydrolysis  o] Tissue.-The r a t s  were  sacr i -  
f iced b y  ce rv i ca l  f r ac tu r e .  T h e i r  l ivers  were  excised ,  
p l aced  in iced sa l ine ,  a n d  t h e n  s l iced f r e e h a n d  as r a p i d l y  
as poss ib le .  Q u a d r u p l i c a t e  s a m p l e s  of a b o u t  500 m g  e a c h  
were  r e m o v e d ,  b l o t t e d ,  a n d  weighed .  T h e  s a m p l e s  were  
p l aced  in 6 ml  of h o t  3 0 %  (w/v) K O H  a n d  d i g e s t e d  for  
2 h a t  100 °. T h e  m i x t u r e  was  cooled,  t r a n s f e r r e d  to 
v o l u m e t r i c  f lasks ,  a n d  m a d e  to  v o l u m e  w i t h  t h e  3 0 %  
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K O H .  T h i s  d iges t  was  f i l t e red  t h r o u g h  W h a t m a n  No. 41 
f i l t e r  p a p e r  to  r e m o v e  soaps  a n d  o t h e r  inso lub le  c o m p o -  
n e n t s .  S u i t a b l e  a l i q u o t s  of t h e  f i l t r a t e  were  t a k e n  for  
t h e  ana ly s i s  of g lycogen  as de sc r ibed  below. 

Glycogen Analyses,  Titrimetric Method.-0,5 ml  of a 
s a t u r a t e d  so lu t i on  of Na2SO 4 was  a d d e d  to  a s u i t a b l e  
a l i q u o t  of t h e  f i l t r a te ,  a n d  t h e  r e s u l t i n g  so lu t ion  was  
m i x e d  w i t h  1.2 v o l u m e s  of e t h y l  a lcohol  1. The  m i x t u r e  
was  s t o r e d  a t  0 ° for  3 h,  t h e n  c e n t r i f u g e d ,  a n d  t h e  
p r e c i p i t a t e  t h u s  o b t a i n e d  was  d i s so lved  in 2 m l  of 1N 
HC1. T h e  g lycogen  was  h y d r o l y s e d  for  2 h a t  100 °. T h e  
h y d r o l y s a t e  was  n e u t r a l i z e d  w i t h  N a O H  a n d  Na2COa, 
c la r i f ied  w i t h  Zn(OH)**-, a n d  c e n t r i f u g e d .  Glucose  was 
d e t e r m i n e d  in t h e  s u p c r n a t a n t  b y  t h e  f e r r i cyan ide -ce r i c  
su l f a t e  m e t h o d  ;~. T h e  t i t r a t i o n  va lues  were  r e fe r red  to 
a g lucose  s t a n d a r d ,  a n d  are  e x p r e s s e d  as pe r  c e n t  glyco-  
gen  (as glucose) of t h e  we t  w e i g h t  of t h e  l iver .  

Determination o/GlycOgen by Iodine Adsorption.-  The  
m e t h o d  used  was e s s e n t i a l l y  t h a t  of VAN WAGTENDONK 
et al. 4. T h e  op t i c a l  d e n s i t y  was  d e t e r m i n e d  a t  500 m/ ,  , 
w i t h  all  s o l u t i o n s  c a r e f u l l y  m a i n t a i n e d  a t  e x a c t l y  t h e  
s a m e  t e m p e r a t u r e .  A Mode l  D U  B e c k m a n  S p e c t r o -  
p h o t o m e t e r  was  used  for  t h e  m e a s u r e m e n t  of t h e  iod ine  
c o m p l e x .  T h e  op t i c a l  d e n s i t y  of  t h e  i o d i n e - g l y c o g e n  
c o m p l e x  was  f o u n d  to  o b e y  BEER'S L a w  o n l y  w h e n  t h e  
e l e c t r o l y t e  c o n c e n t r a t i o n  was  he ld  r i g id ly  c o n s t a n t .  
E a c h  e x p e r i m e n t a l  g r o u p  of r a t s  i n c l u d e d  a n o r m a l  
a n i m a l  whose  l ive r  g lycogen  s e r v e d  as a s t a n d a r d  for  t h e  
c a l i b r a t i o n  of o p t i c a l  d e n s i t y  of a g i v e n  g lycogen  s a m p l e  
in t e r m s  of glucose.  

Preparation o /Purl] led  Glycogen.-Rats t h a t  h a d  been  
t r e a t e d  as de sc r ibed  a b o v e  were  sac r i f i ced  b y  c e r v i c a l  
f r a c t u r e .  T h e i r  l ive rs  were  q u i c k l y  r e m o v e d ,  we ighed ,  
a n d  t r a n s f e r r e d  to  t w o  v o l u m e s  of h o t  3 0 %  N a O H .  
D i g e s t i o n  was  ca r r i ed  o u t  for  2 h a t  100°C in a n i t r o g e n  
a t m o s p h e r e .  G l y c o g e n  was i so l a t ed  as  o u t l i n e d  b y  
SOMOGYI s, t h e n  d r i ed  in vacuo a t  60 ° for  a t  l e a s t  24 h.  
S a m p l e s  of t he se  p u r i f i e d  g lycogens  were  we ighed  a n d  
t h e n  d i s so lved  in w a t e r .  Op t i c a l  d e n s i t y  r e a d i n g s  were 
ca r r i ed  o u t  a t  25 ° on  a s o l u t i o n  c o n t a i n i n g  t h e  following 
pe r  mi l l i l i t e r :  0.1 m g  g lycogen ,  5 m g  KC1, 3 m g  KI,  a n d  
0.5 m g  I v Th i s  so lu t ion ,  m i n u s  g lycogen ,  was  used as a 
b l a n k  a g a i n s t  w h i c h  s a m p l e s  were  r ead .  T h e  r e a d i n g s  
were  t h e n  r e f e r r e d  to  a s a m p l e  of n o r m a l  g lycogen  t h a t  
h a d  b e e n  pu r i f i ed  in t h e  s a m e  m a n n e r .  L i g h t  s c a t t e r i n g  
a t  t h i s  g lycogen  c o n c e n t r a t i o n  is negl ig ib le .  

Results . -Each l i ve r  was  d ige s t ed  w i t h  I~OH,  as  
d e s c r i b e d  a b o v e ,  a n d  s e p a r a t e  a l i q u o t s  of e a c h  d i g e s t  
were  t a k e n  for  t h e  a n a l y s e s  of g lycogen  b y  t h e  t w o  
m e t h o d s  u n d e r  c o n s i d e r a t i o n .  T a b l e  I shows  r e s u l t s  
o b t a i n e d  w i t h  a ser ies  of l ivers  exc i sed  f r o m  15 d i a b e t i c  
r a t s  (12 of w h i c h  h a d  b e e n  u n d e r  t he  in f luence  of i n s u l i n  
for  v a r y i n g  pe r iods  before  t h e y  were  sacr i f iced) .  T h e  
v a l u e s  o b t a i n e d  b y  t h e  two  m e t h o d s  were  in fa i r  agree-  
m e n t  in  t h e  case of t he  u n t r e a t e d ,  d i a b e t i c  r a t  l ivers .  
B u t  a d i s c r e p a n c y - i n  some  cases q u i t e  p r o n o u n c e d - - w a s  
o b s e r v e d  w h e n  g lycogen  s a m p l e s  o b t a i n e d  f r o m  insu l in -  
t r e a t e d ,  d i a b e t i c  r a t s  were  a n a l y s e d  b y  t h e  t w o  m e t h o d s .  

1 B. SJOGREN, T. NORDENSKJ(}LD, H. HOLMGREN, and J. MOL- 
LERSTROM, Arch. ges. Physiol. 240, 427 (1938). 

2 M. SOMOOVl, J. Biol. Chcm. 86, 655 (1930). 
3 W. Z. HASSID, Ind, Eng. Chcm., Anal. Ed. 8, 138 {1936}. 
4 W. J. VAN WAGTENOONK, D. H. SIMONSEN, and P. L. HACKETT, 

J. Biol. Chem. 163, ,301 (1946). 
s M. SOMOGVI, J. Biol. Chem. 104, 245 (1934). 



284 Inforrnations - Informazioni [EXPERIENTIA VOL. XliT] 

Table I . -A  Comparison of Glycogen Values of Livers of Alloxan- 
Diabetic Rats,  with and without Insulin injections, as Determined by 
Reducing Value of the Hydrolyzed Glycogen and by Iodine Adsorp- 

tion of the Intact  Glycogen Molecule 

Rat  Trea tment  

Glycogen as 
glucose p. cent  
of wet weight 

By By 
red- iodine 
ucing adsorp- 
value tion 

4 None  
5 None  
6 None  
7 Insu l in  t r e a t m e n t s  for 12 h 1 
8 I n s u l i n  t r e a t m e n t s  for 12 h t 
9 In su l in  t r e a t m e n t s  for 24 h ~ 

10 Insu l in  t r e a t m e n t s  for 24 h 2 
11 I n s u l i n  t r e a t m e n t s  for 24 h e 
12 Insu l in  t r e a t m e n t s  for 24 h 2 
13 Insu l in  t r e a t m e n t s  for 48 h a 
14 I n s u l i n  t r e a t m e n t s  for 48 li 3 
15 Insu l in  t r e a t m e n t s  for 48 h s 
16 Insu l in  t r e a t m e n t s  for 72 h a 
17 I n s u l i n  t r e a t m e n t s  for 72 h a 
18 Insu l in  t r e a t m e n t s  for 72 h 4 

5"55 
3'65 
2"36 

11"0 
12-4 
13"5 
13"1 
12'5 

8"91 
8"19 
8-87 
4.21 
3-91 
5.42 
3.76 

5"32 
4"36 
2"80 

19"7 
21"8 
16"8 
17'2 
25"9 
12"7 
13"9 

8"07 
5"96 
3"85 
8 '99 
4"71 

1 Each rat  received an injection of protamine-zinc insulin, 40 
units per kilo body weight, 12 h before sacrifice, and the same dose 
of regular insulin exactly 2 h before sacrifice. 

2 Each rat  received an injection of protamine-zinc insulin, 40 units 
per kilo body weight, 24 h before sacrifice and the same dose of 
regular insulin exactly ~ h before sacrifice. 

3 Each rat  received injections of protamine-zinc insulin, 40 units 
per kilo, gody weight, at 48 h and 24 h before sacrifice and the stone 
dose of regular insul!n 2 h before sacrifice. 

4 Each  ra t  received injections of protamine-zinc insulin, 40 units 
per kilo body weight, at  72, 48, and 24 h before sacrifice and the 
stone dose of regular insulin exactly 2 h before sacrifice. 

Table I I . - A  Comparison of Glycogen Values of Livers of Normal 
Rats,  First  Fasted I8 h, Then In tubated  with Glucose, as Determined 
by Reducing Value of the Hydrolyzed Glycogen and by Iodine Ad- 

sorption of the Intact  Glycogen Molecule 

Rat  

1 
2 
3 
4 
5 
6 
7 

10 
11 
12 

Treatment* 

Sacrif iced 3 h a f t e r  i n t u b a t i o n  . 
Sacrif iced 3 h a f te r  i n t u b a t i o n  . 
Sacrif iced 6 h a f t e r  i n t u b a t i o n  . 
Sacrif iced 6 h a f t e r  i n t u b a t i o n  , 
Sacrif iced 9 h a f t e r  i n t u b a t i o n .  
Sacrificed 9 h a f t e r i n t u b a t i o n  
Sacrificed 12 h a f te r  i n t u b a t i o n  . 
Sacrificed 12 h a f te r  i n t u b a t i o n  
Sacrificed 18 h a f t e r  i n t u b a t i o n  . 
Sacrificed 18 h a f te r  i n t u b a t i o n .  
Sacrificed 24 h a f te r  i n t u b a t i o n  . 
Sacrificed 24 h a f te r  i n t u b a t i o n  . 

i Per cent  gtyco-I 
gen as glucose 

i (wet wt. basis) i 

By By 
reduc- iodine 

ing adsorp- 
vMue tion 

1-24 1"33 
. 1-20 1'09 
. 3-21 4-58 
• 4-84 8-71 

8-43 13-2 
5.68 9.11 

• 6"27 10.7 
8.38 14"4 

• 10-6 27.3 
• 13.6 28,9 
• 12.2 22'7 
• 9"42 14"4 

* Rats  were first fasted 18 h, then s tomach-tubed with 3 gm of 
glucose in a 50% solution, and allowed access to the high carbohy- 
drate diet until sacrificed. 

I n  o r d e r  t o  r e p r e s e n t  t h e  d e g r e e  t o  w h i c h  v a l u e s  
o b t a i n e d  b y  t h e  i o d i n e  m e t h o d  d e v i a t e d  f r o m  t h o s e  
o b t a i n e d  b y  t h e  t i t r a t i o n  m e t h o d ,  w e  h a v e  m a d e  u s e  
o f  a r a t i o ,  R,  w h i c h  i s :  

p e r  c e n t  t i s s u e  g l y c o g e n  b y  c o l o r i m ~ t r i c  m e t h o d  

p e r  c e n t  t i s s u e  g l y c o g e n  b y  t i t r i m e t r i c  m e t h o d  

R v a l u e s  w e r e  c a l c u l a t e d  f r o m  t h e  d a t a  o f  e a c h  l i v e r  
g i v e n  in  T a b l e  1, a n d  t h e  a v e r a g e  R v a l u e  fo r  e a c h  g r o u p  
w a s  p l o t t e d  a g a i n s t  t h e  d u r a t i o n  o f  i n s u l i n  t r e a t m e n t s  
in  F i g u r e  1. T h e  a v e r a g e  R v a l u e  fo r  t h e  u n i n j e c t e d ,  
d i a b e t i c  l i v e r s  is  g i v e n  a t  z e r o  t i m e ,  a n d  is  a p p r o x i -  
m a t e l y  1. 

tB 

t.6 

t4  

12 

i.o ,~> 2'4 4'8 7~ 
HOURS OF INSULIN TREATMENT 

Fig. 1.-Change of ratio R (see text) with time in the ease of diabetic 
rats injected .with insulin. Rats  received 40 units  of protaufine-zine 
insulin per kilo body weight at 0 t ime and at each 24-hour period 
thereafter. In addition, each animal received 40 units of unumdified 
insulin just  ~ h before sacrifice. Thus,  rats were under the influence 
of insulin for 12 to 72 h. Each point represents the average of deter- 

minations on 2-4 animals.  

T h e  i o d i n e  a d s o r p t i o n  c h a r a c t e r i s t i c s  o f  t h e  l i v e r  
g l y c o g e n  o f  u n i n j e c t e d ,  a l l o x a n - d i a b e t i c  r a t s  c l o s e l y  
a p p r o x i m a t e  t h o s e  o f  t h e  n o r m a l  r a t s  ( t h e  R v a l u e  fo r  
l i v e r  g l y c o g e n  o f  n o r m a l  r a t s  is t a k e n  a s  1). I t  s h o u l d  be  
n o t e d  t h a t  t h e  h i g h e s t  R v a l u e  w a s  o b s e r v e d  in  t h e  
e a r l y  p e r i o d s  a f t e r  t h e  s t a r t  o f  i n s u l i n  t r e a t m e n t s  a n d  
t h a t ,  w i t h  c o n t i n u e d  i n s u l i n  a d m i n i s t r a t i o n s ,  t h e  R 
v a l u e s  fell .  

T h e  s h a p e  o f  t h e  c u r v e  s h o w n  in  F i g u r e  1 s u g g e s t e d  
t h a t  a h i g h  R v a l u e  (i.e.,  a h i g h  i o d i n e  a d s o r p t i o n )  m i g h t  
be  c h a r a c t e r i s t i c  o f  r a p i d l y - f o r m e d  g l y c o g e n .  I n  o r d e r  
t o  t e s t  t h i s  h y p o t h e s i s ,  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  o n  
r a t s  t h a t  w e r e  f i r s t  f a s t e d  fo r  18 h ,  t o  d e p l e t e  t h e i r  
g l y c o g e n  s t o r e s ,  a n d  t h e n  i n t u b a t e d  w i t h  g l u c o s e  t o  
i n d u c e  r a p i d  g l y c o g e n e s i s .  I m m e d i a t e l y  a f t e r  t h e  i n -  
t u b a t i o n ,  t h e s e  a n i m a l s  w e r e  f e d  ad  l i b i t u m  t h e  h i g h  
g l u c o s e  d i e t ,  a n d  w e r e  s a c r i f i e d  f r o m  3 t o  24 h a f t e r  t h e  
i n t u b a t i o n .  T h e  r e s u l t s  a r e  s h o w n  in  T a b l e  I I  a n d  
F i g u r e  2. E a c h  p o i n t  in  F i g u r e  2 is  t h e  a v e r a g e  o f  t h e  
t w o  R v a l u e s  o b t a i n e d  a t  a g i v e n  t i m e  i n t e r v a l .  T h e  R 
v a l u e  a t  t h e  3 -h  i n t e r v a l  w a s  e s s e n t i a l l y  u n i t y ,  b u t  b y  
t h e  t i m e  6 h h a d  e l a p s e d  a f t e r  t h e  i n t u b a t i o n  o f  g l u c o s e ,  
a m a r k e d  r i se  in  t h e  v a l u e  fo r  R w a s  o b s e r v e d ,  w h i c h  
a t t a i n e d  a m a x i m u m  a t  18 h .  T h e s e  f i n d i n g s  s u p p o r t  t h e  
i d e a  t h a t  l i v e r  g l y c o g e n  t h a t  is  r a p i d l y  d e p o s i t e d  in  
r e s p o n s e  t o  (1) a n  i n s u l i n  i n j e c t i o n  in  t h e  d i a b e t i c ,  o r  (2) 
g l u c o s e  a d m i n i s t r a t i o n  in  a n o r m a l ,  f a s t e d  r a t  h a s  a 
m u c h  g r e a t e r  i o d i n e  a d s o r p t i o n  c a p a c i t y  t h a n  d o e s  l i v e r  
g l y c o g e n  o f  a n  a n i m a l  in  t h e  s t e a d y  s t a t e •  

I n  o r d e r  t o  r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  t h e  d i f f e r e n c e s  
i n  i o d i n e  a d s o r p t i o n  a m o n g  t h e  g l y c o g e n  s a m p l e s  c o u l d  
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be due to the presence of iodine-adsorbing compounds 
other  than  glycogen, samples of glycogen prepared from 
diabetic rats  and from insulintreated, diabetic rats were 

2A 

e,,' 

t I t  

I I I . . . . . . . . . .  I 118 I 
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HOURS AFTER GLUCOSE INTUBATION 

Fig. 2.-Change of ratio R (see text) with time in the ease of norm a 
rats, first fasted for 18 h, then intubated with 3 gm of glucose at 0 
time, and allowed access to a high carbohydrate diet thereafter. 
Points represent averages of determinations on pairs of animals sacri- 

ficed at the intervals indicated. 

700 m/, remained constant  at  1-3. Thus, there is no 
apparent  qual i ta t ive  difference in the absorpt ion 
spectra of the glycogen-iodine complexes of the two 
glycogen samples. 

D i s c u s s i o n . - I n  the  process of rapid glycogen de- 
position in the liver, a component  appears wi th  an iodine 
adsorption capaci ty re la t ively higher than tha t  observed 
in glycogen found in the s teady state. This higher iodine 
adsorption may  result, in part,  from the formation of 
a different species of polysaccharide or from a complex-  
ing moie ty  in relat ively greater  abundance than t h a t  
present in s teady-sta te  glycogen. In experiments  with 
diabetic rats  which were first fasted for 24 h, then fed 
glucose and sacrificed 3 h later, LASZT x demonstrated,  
by fractional precipitat ion,  the production of glycogen 
fractions which differ in their  abi l i ty to complex iodine. 
Since he observed no difference in end-group analyses 
of these fractions, the essential basis for difference in 
iodine adsorption of various glycogen samples might lie 
in the distr ibution of glucose moieties within the mole- 
cule. This is i l lustrated in the following diagram by the 
two portions of glycogen molecules which, though 
having the same degree of branching, i.e,, the same 
number  of glucose moieties per end group, differ consid- 
erably in shape and distr ibution of chain length. 

purified according to the method of SOMOGYI 1. This 
procedure yields a produce re la t ively  free of salt, nitro- 
gen, and phosphorus, and involves extract ion with lipid 
solvents. The optical densities per mill igram of glycogen 
were determined, and were referred to a sample of 
purified glycogen prepared from the liver of a ra t  in the 
s teady state.  At  each t ime interval ,  the values for R 
were essentially the same as those shown in Figure 1. 
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Fig. 3.-Absorption spectra of glycogen-iodine complex obtained with 
samples of purified glycogen. (i) Liver glycogen from a rat first fasted, 
then intubated with glucose, and sacrificed 6 h later. (ii) Liver glyco- 
gen from normal rat. Conditions of optical density measurements: 
glycogen, 0-1 nag per milliliter; KC1, 5 mg per milliliter; KI, 3 mg per 
milliliter; I s, 0-5 mg per milliliter; T = 25 °. Blank identical but 

without glycogen. 

The optical densities referred to above were measured 
at  a 500 m/~. The absorption spectra of two purified 
glycogen samples were also determined. One sample was 
obtained from a normal rat, the other  from a rat  tha t  
first had been fasted for 18 h, then intubated with 3 gm 
of glucose, and finally sacrificed 6 h after the glucose 
intubation.  The results, shown in Figure 3, indicate t ha t  
al though the color intensi ty per uni t  weight of glycogen 
differed in the two glycogen samples, the values for 
R calculated from these spectra over  the range of 450 to 

1 M. So~toGvi, J. Biol. Chem. 104, ~45 (1934). 

This difference is subject  to detection by exhaust ive  
phosphorylase degradation,  and such a study, as well 
as a s tudy correlating chain length with intensi ty  of the 
resulting complex, is in progress. 

Since the differences in the iodine adsorption of the 
various liver glycogen samples studied here are correlated 
with the age of the glycogen, it is not  unreasonable to 
assume t h a t  the newlyformed glycogen contains many  
more molecules per uni t  weight  than  does a glycogen 
sample obtained from an animal  in the s teady state.  
The postulate tha t  iodine adsorption in polysaccharides 
is a micellar surface phenomenon has received lit t le 
support  from exper imental  findings 2. An explanation of 
our findings might  lie in a less sterically-hindered ap- 
proach of the iodine to the complexing site in the smaller  
molecule. The possible correlation of iodine adsorpt ion 
abil i ty with molecular weight is also the subject  of in- 
vest igat ion in this laboratory.  

Da ta  presented here and by other  workers demons t ra te  
tha t  wide differences in iodine adsorption values for 
l iver glycogen can be obtained from animals in a va r i e ty  
of exper imenta l  conditions or by the adminis t ra t ion  of 
various sugars ~. However,  the accumula ted  evidence 
indicates tha t  the properties of the "abnormal  g lycogens"  
formed under such conditions is a t t r ibu tab le  to the rate 
at which glucose units are made available for glycogen 
synthesis. 

I L. LASZT, Exper. 10, 302 (1954). 
K. H. MEYSR and G. C. GibboNs, Adv. Enzymology 12, 341 

(1951). 
s L. LASZT, Exper. 10, 302 (1954). - M. SCHLAI*IO~VITZ, J. Biol. 

Chem. 188, 145 (1951); 190, 519 (1951). 



286 Informations - Informazioni [EKPERIENTIA VOL. XI/7] 

I t  is a p p a r e n t  f rom t h e  f indings p re sen ted  here  t h a t  
eo lor imet r ie  m e t h o d s  based  on iodine  adso rp t ion  c a n n o t  
a lways  be used for t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  of 
g lycogen in l iver .  Cer ta in  diff icul t ies  encoun te red  wi th  
the  use of t he  iodine color  m e t h o d  have  a l r eady  been  
po in ted  ou t  by  MORRIS 1. He  found  t h a t  t e m p e r a t u r e ,  
sal t  concen t ra t ion ,  and source of " s t a n d a r d "  g lycogen 
are cr i t ical  factors ,  and  s tressed the  po in t  t h a t  s t a n d a r d  
samples  of g lycogen  should  be isolated f rom the  s a m e  
t issue as t h a t  under  inves t iga t ion .  But ,  as shown in the  
present  s tudy ,  the  co lo r ime t r i c  m e t h o d  is fu r the r  
l imi ted  by  the  fact  t h a t  the  phys ica l  charac te r i s t i cs  of 
the  g lycogen  responsible  for the  color  i n t ens i t y  of the  
iod ine-g lycogen  c o m p l e x  are  e x t r e m e l y  sens i t ive  to the  
phys io log ica l  s t a t e  of t he  an imal .  Thus ,  va l id  measure -  
men t s  of t issue glyc.ogen c a n n o t  be m a d e  b y  t h e  iodine  
m e t h o d  when  a rap id  depos i t ion  of the  po lysaccha r ide  
has  t a k e n  place.  

Aided by a grant from Eli Lilly and Company. 

Zusarnmen]assung  

Es wird  ffir die B e s t i m m u n g  des Lebe rg lykogens  eine 
J o d - A d s o r p t i o n s m e t h o d e  mi t  der i ib l ichen H y d r o l y s e  
zu Glukose vergl ichen.  Ft i r  no rma le  and  u n b e h a n d e l t e  
d iabet i sehe  t l a t t e n  zeigen die G lykogenwer t e  mi t  be iden  
Methoden  gu te  ~£~bereinstimmung. Dagegen  ist  die Fa rb -  
intensit{it  je  Gewich t se inhe i t  des J o d - G l y k o g e n - K o m -  
plexes  bei  i n su l i nbehande l t en  d iabe t i sehen  R a t t e n  
ebenso  wie bei  f a s t enden  gIukosegef f i t t e r ten  R a t t e n  
wesen t l i ch  grSsser Ms bei  n o r m a l e n  Tieren .  D a r a u s  1/isst 
sich schliessen, dass frisch gebi lde tes  G lykogen  eine 
e rh6h te  Jod-Adsorp t ions f f ih igke i t  besi tz t .  Q u a l i t a t i v  
erf i ihr t  die F a r b e  des J o d - G l y k o g e n - K o m p l e x e s  u n t e r  
den ve r sch iedenen  B e d i n g u n g e n  keine  Verf inderung.  

1 D. L. MORRIS, J. Biol. Chem. 166, 199 (1946). 

S T U D I O R U M  P R O G R E S S U S  

D i e  D e h n b a r k e i t  d e s  S k e l e t t -  u n d - H e r z m u s k e l s  
d e r  S c h i l d k r S t e  w i i h r e n d  d e r  L a t e n z z e i t  

VoIl H.  I<EICHEL und A. BLEICIfERT 1, M6nchert 

Die e rs ten  E la s t i z i tX t sun te r suchungen  am Muskel  
w~ihrend der  sogenann ten  La t enzze i t  (das heisst  der  
Zeit,  die v o m  Augenb l i ck  des Reizes bis z u m  ers ten  
eben nachweisbaren  Ans t ieg  der  S p a n n u n g  i iber  die 
Ausgangsspannung  vers t re icht )  sind yon HILL 2 durch-  
geff ihrt  worden.  \Venn der  Muskel  schnel len  D e h n u n g e n  
u m  e twa  10 % seiner L~inge un te rzogen  wird,  dann  s te ig t  
noch w~ihrend der  La t enzze i t  die S p a n n u n g  des gereiz-  
t en  Muskels s tf i rker  an als die des ruhenden ,  n ich t  ge- 
re iz ten  Muskels. Aus d iesem Befund  schl iesst  HILl., dass 
das  kon t rak t i l e  Mater ia l  info!ge des Reizes  weniger  
d e h n b a r  werde,  und zwar schon zu e inem Ze i tpunk t ,  in 
d e m  die Verk i i rzung  der  kon t r ak t i l en  E l e m e n t e  nach  
aussen noch nicht  mani fes t  werde.  BUC~TRAL und 
ROSV:NFALCK 3 haben  an E inze l fase rn  in i so tonischer  

1 Aus dem Physiologischen Institut der Universitfit Mfinehen. 
2 A.V. HILL, Proe. roy. Soe. IB]137, 3"20 (1950); 138, 339 (1951); 

1.38, 329 (1951). 
3 F. BUCHTtlAL Lttld P. ROSENFALCK, Abstr. Communic. XIX 

Internat. Physiol. Congr. Montreal 195G 244. 

A n o r d n u n g  durch  per iodische  ~ n d e r u n g  der  Las t  gleich- 
fails die g l a s t i z i tX t  wi ihrend der  L a t e n z z e i t  u n t e r s u c h t  
und  wie HILL eine A b n a h m e  der  D e h n b a r k e i t  vo r  Be-  
ginn der  K o n t r a k t i o n  gefunden,  Auch  die Messungen 
der  Torsionselastizi t~it  durch  STEN KNL'DSEN 1 haben  
dasselbe R e s u l t a t  ergeben,  obwohl  na t t l r l ich  ein Rfick-  
schluss aus diesen B e f u n d e n  auf  das Verha l t en  der 
L~ingselastizit~it n ich t  ohne wei teres  m6gl ich erscheint .  

Nach  unseren e igenen expe r imen te l l en  E r f a h r u n g e n  
k o m m t  es bei  den U n t e r s u c h u n g e n  der  D e h n b a r k e i t  auf  
den mechan i schen  Ausgangszus t and  an, in d e m  sich der  
lVIuskel vor  d e m  Versuch bef indet .  In  der  Arbe i t  yon 
BUCHTHAL and  I~OSENFALCK 2 fehlen dar i iber  nghere  
Angaben .  Die Be funde  yon  HiLL sind an Muskeln  er- 
hoben  worden,  deren Ausgangs lange  wesen t i i ch  k le iner  
als ihre Ausgangs l~nge  i n  s i tu  ist. U n t e r  diesen Be-  
d ingungen  ru fen  au fe inander fo lgende  D e h n u n g e n  auch 
a m  ruhenden  Muskel  ve rsch ieden  steiIe S p a n n u n g s -  
ans t iege  hervor .  I m  n ich t  v o r g e d e h n t e n  Z u s t a n d  h a t  der  
Muskel  plast ische E i g e n s e h a f t e n ;  seine S t r u k t u r e n  wer-  
den daher  bei s t a rken  D e h n u n g e n  n ich t  nu r  e las t isch 
beanspruch t ,  sondern  auch in i h r em Geftige und  in 
i h r e r A n o r d n u n g  gegnder t  (IREICltELa). Solehe p las t i schen  
Nebcnef fek te  e rschweren  eine e indeu t ige  Aussage  fiber 
das elast ische Verha l t en  des Muskels  erhebl ich.  Bei  der  
grnnds~itzl ichen B e d e u t u n g  der Hi l l schen  Befunde  
(s. WEBER und PORTZEHL 4) ha l t en  w i r e s  ffir no twendig ,  
die Elas t iz i t~ t t suntersuchungen  w'~hrend der  L a t e n z z e i t  
m i t  e iner  Methode  zu wiederholen ,  die p las t ische Neben-  
ef fekte  ausschl iesst .  

Method ik .  W i r  haben  uns e iner  f r i iher  beschr iebenen  
Methode  (PIEPER, RF.ICHEL und WiETTERER s) bedient ,  
m i t  der  d e m  Muskel  nach  d e m  z u m  ers ten  Mal yon  
BI.;CHTHAL und  KAISER 6 angegebenen  Pr inz ip  sinus- 
Ibrmige  LSngen~inderungen hoher  F r e q u e n z  au ige-  
zwungen  werden.  Die resu l t i e renden  S p a n n u n g s a m p l i t u -  
den s ind dann  ein Mass fiir die S te i fhe i t  des Muskels oder  
fiir den rez iproken  %Vcrt seiner Dehnba rke i t .  Die  be- 
n u t z t e n  L{tngeni inderungen sind r e l a t i v  klein (1-4 % der  
sogenann ten  ~(Standardl~inge~, die der  Muskel  in  s i tu  
e i n n i m m t ,  s. HILLT). Als A u s g a n g s s p a n n u n g  wird in den 
meis ten  F~illen eine S p a n n u n g  gewXhlt, die weniger  als 
1% der  i somet r i schen  G e s a m t s p a n n u n g  im Gipfel der  
E inze l zuckung  betr / igt .  Der  Spannungsbere ich ,  in d e m  
die dureh  die Lfingen{inderungen be rvo rge ru f enen  
S p a n n u n g s a m p l i t u d e n  sich bewegen,  ist  dahe r  sehr  
k le in ;  das M i n i m u m  der  S p a n n u n g s a m p l i t u d e n  l ieg t  
gew6hnl ich  bei  Null .  D a d u r c h  wi rd  die M0gl ichke i t  aus-  
geschlossen,  dass n ich t  nu r  die  k o n t r a k t i l e n  K e t t e n ,  
sondern  auch  e twa ige  para l le l  zu ihnen  l iegende  S t ruk-  
t u r en  elast isch m i t b e a n s p r u c h t  we rden  (fiber die F rage  
des sogenann ten  para l le l  e las t i schen E l e m e n t s  siehe im 
fibrigen REICHELS). Die Veahl einer  n iedr igen  Aus- 
gangs spannung  bei  k le inen L~Lngen~inderungen b ie te t  
aus se rdem den Vortei l ,  dass die p las t i schen Neben-  
effekte  u n b e d e u t e n d  sind. E inze lne  Versuche  sind 
auch bei  h6heren  Ausgangs spannungen  durchgef i ih r t  
worden.  Sowei t  in diesen Versuchen  plas t i schc  Ef fek te  
v o r h a n d e n  sind, werden  sie einige Zei t  nach Ein-  

1 0 .  SxEN Km:DSE~', Acta physiol, stand. 28, Suppl. 1(14 (1953}. 
2 F. BUCIfTHAL and P. ROSENFALCK, Abstr. Communie. XIX. 

Internat. Physiol. Congr. Montreal 1958, 244. 
a H. REICHEL, Erg. Physiol. 47, 469 (1953), 
4 H. H. WEBER und H. PORTZEHL, Erg. P]lysio]. £17, -*J69 (1953}. 
,5 H. P1;:PER, H. REICUF.1. and E. W1ETTERER, Z. Biol. 101, 469 

<~.~51). 
6 F. BUCHTHAL und E. KAISER, Acta physioI, scand. (Stockholm) 

8, 38 (1944). 
7 A.V. HILL, Proc. roy. Soc. IB] 137, 320 (1950); 138, 339 (1951). 
8 H. REICHXL, Erg. Physiol. 47,469 [1953). 


