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R e l a t i o n  B e t w e e n  the  G l y c o g e n  C o n t e n t  of  the  L i v e r  a n d  L i v e r  W e i g h t ,  a n d  i t s  M e a n i n g  f o r  E n z y m o l o g y  

R a t  l ive r  w e i g h t  is r ega rded  to  be  a g e - d e p e n d e n t  ~, 2, I n  
th i s  p a p e r  we show t h a t  l i ve r  w e i g h t  la rge ly  d e p e n d s  on  t h e  
g lycogen  c o n t e n t  of t h e  l iver.  Th i s  f ind ing  h a s  conse-  
q u e n c e  for  t h e  e s t i m a t i o n  of e n z y m e  a c t i v i t y  in  t h e  l iver.  
T h e  m o d e  of express ing  e n z y m e  a c t i v i t y  h a s  d r a w n  a lo t  of 
a t t e n t i o n 3 - L  It is genera l ly  agreed  t h a t  e n z y m e  a c t i v i t y  
in  t i s sues  h a s  to  b e  expressed  pe r  m g  of p ro te in .  However ,  
qu i t e  o f t en  e n z y m e  a c t i v i t y  is s t i l l  expressed  p e r  g r a m  
l iver  weight .  I n  t h i s  p a p e r  we show t h a t  s ign i f i can t  changes  
in e n z y m e  a c t i v i t y  can  be  o b t a i n e d  if e n z y m e  a c t i v i t y  is 
expressed  pe r  g r a m  wet  l ive r  t i s sue  whi le  t h e  a c t i v i t y  of 
t h e  whole  l iver  h a s  n o t  been  changed .  

Materials and methods. Male w h i t e  r a t s  (Wis t a r  W U )  
we igh ing  275-325 g were  fed w i t h  a c a r b o h y d r a t e - r i c h  
d ie t  (bread)  for  6 days.  T h e r e a f t e r  t h e  a n i m a l s  were  s t a rv -  
ed. Af t e r  we igh ing  t h e  an imals ,  l ivers  were  excised u n d e r  
e t h e r  narcos i s  a n d  weighed.  Glycogen  was e s t i m a t e d  ac- 
co rd ing  to  t h e  p h e n o l  su lphur i c  acid m e t h o d  s. W a t e r  was  
m e a s u r e d  g r a v i m e t r i c a l l y  b y  d r y i n g  a t  120 °C. F a t t y  acids 
were  d e t e r m i n e d  t i t r i m e t r i c a l l y  a f t e r  s apon i f i ca t ion  9. 
The  p r o t e i n  c o n t e n t  was  d e t e r m i n e d  b y  t h e  B i u r e t  me-  
thod ,  cor rec t ing  for t u r b i d i t y  due  to  f a t  or g lycogen accor- 
d ing  to  t h e  m e t h o d  of HENRY 1°. 

One f r a g m e n t  of l iver  t i s sue  was f ixed in Ca rnoy ' s  l iquid  
a n d  ce l lo id in  sec t ions  were  p r e p a r e d  a n d  s t a ined  w i t h  
c a r m i n e  (Chroma  Gesel lschaf t ,  G e r m a n y ) ,  T he  m e a n  cell 
d i a m e t e r  was  e s t i m a t e d  w i t h  a n  ocu la r  m i c r o m e t e r  b y  
m e a s u r i n g  t he  l a rges t  d i a m e t e r  of 2 × 10 cells in  two differ-  
e n t  c e n t r a l  a reas  in  6 an imals .  

G lycogen  s y n t h e t a s e  (EC 2.4.1.11) ac t iv i ty .  T h e  e n z y m e  
a c t i v i t y  was  e s t i m a t e d  accord ing  to  LELOIR a n d  GOLD- 
EMBERG 11. 

P h o s p h o r y l a s e  (EC 2.4.1.1.) ac t iv i ty .  F r o z e n  l iver  t i s sue  
was  homogen i zed  in 0 . 1 M  N a F  ( i  g l iver  t i s sue  in  a b o u t  
9 m l  0.1 M NaF ,  p H  6.7) a t  0°C in  a Vi rTis  '45 ' .  A s a m p l e  
was  i n c u b a t e d  in  1% glycogen,  0 . 1 M  N a F  (pH 6.7) 
a n d  0 . 0 1 5 M  G-1-P  (f inal  concen t r a t i ons ) .  T h e  r eac t i on  
was  s t o p p e d  b y  a d d i t i o n  of T CA  (f inal  c o n c e n t r a t i o n  
11.5%).  I n o r g a n i c  p h o s p h a t e  in  t h e  s n p e r n a t a n t  was  
m e a s u r e d  acco rd ing  to  TAUSSKY a n d  SHORRlZ. T h e  ac t i -  
v i t y  of p h o s p h o r y l a s e  a + b  was  e s t i m a t e d  b y  a d d i t i o n  of 
0.005 M ATP-MgCI ,  t o  t h e  i n c u b a t i o n  m e d i u m .  

H e x o k i n a s e  (EC 2.7.1.1) a n d  g lucok inase  (EC 2.7.1.2) 
a c t i v i t y .  T h e  a c t i v i t y  of t h e s e  e n z y m e s  was  e s t i m a t e d  ac- 

co rd ing  to  a mod i f i ca t ion  of t h e  m e t h o d  of VIf~UELA e t  
al. 13. Modi f i ca t ions  of t h e  m e t h o d :  a) l ivers  were  n o t  per-  
fused a n d  b) a c t i v i t y  was  e s t i m a t e d  in a h o m o g e n a t e  in-  
s t ead  of in  a n  ' e x t r a c t ' .  

G lucose -6 -phospha t a se  (EC 3.1.3.9) ac t iv i ty .  L i v e r  t i s sue  
was  homogen i zed  in  0 . 1 M  N a F  (pH 6.5) a t  0°C in  a Vir -  
T is  '45 '  h o m o g e n i z e r  for 5 min .  A s a m p l e  was  i n c u b a t e d  in 
a L a b l i n e  w a t e r  b a t h  for 10 rain.  The  i n c u b a t i o n  m e d i u m  
c o n t a i n e d  0 . 0 5 M  G-6-P  a n d  0 . 1 M  c i t r a t e  buffer .  T h e  re- 
ac t ion  was  s t o p p e d  w i t h  TCA (final c o n c e n t r a t i o n  11.5%).  
P h o s p h a t e  in  t he  s u p e r n a t a n t  was  e s t i m a t e d  accord ing  to  
TAUSSKY a n d  SHORR 12. 

Results and discussion. D u r i n g  a c a r b o h y d r a t e - r i c h  d ie t  
t he  we igh t  of t he  l iver  compr i ses  4 - 5 %  of the  b o d y  we igh t  
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Fig. 2. Glycogen percentage and phosphorylase activity oft the basis 
of liver weight and body weight vs. the starvation time. Glycogen has 
disappeared whereas the activity of phosphorylase alg liver has in- 
creased after 24 h of starvation. However, if enzyme activity is ex- 
pressed per 100 g body wt,, phosphorylase activities, as well as the 
glycogen percentage of the liver, have decreased after 24 h of starva- 
tion. Each result is the mean of 6 animals. 
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Fig. 1. Deposition of liver glycogen in rats fed with a carbohydrate- 
rich diet after 24 h of starvation. Each result is the mean of 6 animals. 
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Table I. Water, glycogen, fatty acid and protein content of the liver 
after a carbohydrate-rich diet during 6 days and the same diet 
followed by 24 h of starvation. Each result is the mean of 6 animals. 

Table II. Liver weight and cell diameter in glycogen-rich livers and in 
livers without glycogen 

A B 
Carbohydrate-rich diet + 24 h of starvation Carbohydrate-rich + 24 h of 
% % diet starvation 

A/B 

Water 69 69 
Glycogen 14 0 Glycogen (%) 16.1 0 
Fatty acid 2 2 Weight of 6 livers (g) 89.72 42.30 2.1 
Protein 14 24 Cell diameter 17.55 12.72 1.38 

Table III. The activity of several enzymes per 100 g body weight and per g liver tissue before and after starvation 

~tmole substrate ~mole substrate 
(100 g b.w. -1 min -1) (g l iver  x min -1) 

A B C D E F 

During After 24 h (B/A) x 100 During After 24 h (E/D) x 100 
carbohydrate of starvation carbohydrate of starvation 
rich diet % rich diet % 

Glycogen synthetase I 2.9 2,4 83 0,80 1.1 137 
Glycogen synthetase D 5.8 4.0 69 1.6 1.8 112 
Phosphorylase a 38.2 30.1 79 10.5 14.0 133 
Phosphorylase b 1.7 6,1 359 0.47 2.8 596 
Hexokinase 1.9 1.3 68 0.52 0.60 115 
Glucekinase 11.3 2.7 27 3.1 3.2 39 
Glucose-6-phosphat ase 37.1 43.5 117 10.2 19.8 194 

Comparison of columns C and F clearly shows the large differences obtained with these units of enzyme activity. 

a n d  i t  decreases  to  2 - 3 %  dur ing  24 h of s t a rva t ion .  Table  
I shows t h a t  t h e  w a t e r  pe rcen tage  is the  s ame  before  a n d  
a f te r  s t a r v a t i o n  (69%). This  m e a n s  t h a t  t he  l iver  has  lost  
a b o u t  50% of its w a t e r  and  d ry  ma te r i a l  dur ing  24 h of 
s t a rva t ion ,  as the  l iver we igh t  decreased abou t  50% dur ing  
th is  per iod.  Dur ing  t h e  d ie t  a p p r o x i m a t e l y  50% of t he  d ry  
ma te r i a l  is due  to  glycogen.  This  has  d i sappea red  af ter  
s t a rva t i on  (Table I). Thus,  a loss of 50% of the  l iver we igh t  
dur ing  24 h of s t a rva t i on  can be exp la ined  b y  the  disap-  
pea rance  of all the  g lycogen  and  the  associa ted  a m o u n t  of 
water .  Thus,  l iver  w e igh t  largely  depends  on t h e  g lycogen 
pe rcen tage  and  th i s  re la t ion  can be expressed  in t h e  for-  
mu la :  31/(31-glycogen %) × l iver  we igh t  a t  0% glycogen.  

T h e  glycogen pe rcen tage  a n d  the  l iver  we igh t  can  also 
increase  ve ry  quickly.  I n  ra t s  fed wi th  a c a r b o h y d r a t e -  
r i ch  d ie t  a f t e r  24 h of s t a r v a t i o n  we obse rved  a l inear  in- 
crease of glycogen c o n t e n t  w i th  t ime,  resu l t ing  in a 4.8% 
glycogen c o n t e n t  w i th in  4 h (Figure 1). 

Di f fe ren t  sizes of cells in g lycogen-r ich l ivers compa r e d  
wi th  l ivers dep le ted  of glycogen can be expec ted .  In  l ivers 
con ta in ing  16.1% glycogen and  0% glycogen, l iver  we igh t  
was  2.12 and  the  cell d i ame te r  was  1.38 t imes  larger  in t h e  
fo rmer  t h a n  in t he  l a t t e r  (Table II) .  As the  vo lume  of a 
sphere  is */e × (diameter)  3 th i s  accounts  for an increased  
vo lume  or  weigh t  of 2.6. The  dif ference be tween  2.6 and  2.1 
can be  readi ly  exp la ined  by  t h e  fac t  t h a t  a cell is no t  exac t -  
ly  spherical .  

The  p ro t e in  pe rcen tage  is nea r ly  doub led  a f te r  s t a rva -  
t ion.  This  shows t h a t  t h e  to ta l  a m o u n t  of p ro te in  r emains  
a b o u t  t he  same.  Consequent ly ,  t he  e n z y me  a c t i v i t y  ex- 
pressed  per  g ram l iver  t issue also doubles.  However ,  if 
e n z y me  ac t iv i ty  is expressed  per  100 g b o d y  weight ,  and  
to ta l  enzyme  ac t iv i ty  of t he  l iver is cons tan t ,  t he  mea-  
sured  e n z y me  ac t iv i ty  will  be abou t  cons tan t .  These facts  
are  i l lus t ra ted  in F igure  2 and  Table  I I I .  

Zusammen[assung. S c h w a n k u n g e n  des Glykogengeha l t s  
ve ru r sachen  sehr  schnet le  VerAnderungen  des Leberge-  
wich tes  und  dahe r  auch  solche des p rozen tua l en  Pro te in -  
geha l t s  de r  Leber .  E n z y m a k t i v i t A t  sol l te  desha lb  pro  
K 6 r p e r g e w i c h t  und  n i ch t  p ro  Lebe rgewich t  ausgedrf ickt  
werden,  wie dies o f t  geschieht .  
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