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Cardiac G l y c o g e n  Frac t ions  in the  Ventr ic les  of 
Fas ted  and N o n - F a s t e d ,  Exerc i s ed  Rats  

Previous workers, using in vitro techniques and report- 
ing total  glycogen concentrations, have failed to demon- 
strate differences in glycogenolysis between the left and 
right ventricles ~& In an earlier work s it was pointed out 
that  non-fasted rats forced to swim for varying periods 
of t ime depleted their  left ventricular glycogen stores. 
The glycogen concentrations in the swimming experiments 
were reported as TCA glycogen (obtained from the super- 
natant  of a trichloroacetic acid homogenate) and residuM 
glycogen (found in the protein precipitate of the centri- 
fuged homogenate). The swimming experiments did not 
include glycogen analysis of the right ventricle. 

The present experiment was designed to explore 
differences in right and left ventricular  glycogenolysis in 
each glycogen fraction produced by swimming. In  
addition the experiment  was constructed to determine 
if the method of processing tissue influenced the glycogen 
concentrations of one ventricle more than the other. 
BLOO~ 4, using the whole heart,  detected no glycogen 
decrease in the excised organ left in room air or nitrogen 
for 4 rain. In  the present work glycogen concentrations 
in left and right ventricles tha t  had been rapidly lrozen 
were contrasted with ventricles that  were weighed and 
transferred to the homogenizing tube in the non-frozen 
state. 

Melhods and ~nate~,ials. Non-fasted and fasted male 
albino rats (Sprague-Dawley strain), weighing between 
130 and 290 g, were used in the experimentM procedures. 
The non-fasted animals (87 rats) were given free access 
to Purina Laboratory Chow and water, and the fasted 
animals, previously fed Purina Laboratory Chow (83 
rats) were not  allowed food 24 h prior to sacrifice. Experi-  
mental  (exercised) and control (rested) animals were 
drawn from. each new population of rats to insure adequate 
sampling of the population, and they  were sacrificed 
either late in the morning or early in the afternoon. All 
animals were kept in the animal quarters at  least 1 week 
prior to sacrifice. 

Glycogen was obtained from the cardiac tissue in 2 
fractions according to the method of BLOO~ et al. ~. 
Both the trichloroacetic acid (TCA) and residual fractions 
were analyzed by the anthrone method of S~IFTER et M. s. 
The glycogen values are reported in mg of glycogen/100 
g of wet tissue. 

In  order to determine not only the effect of exercise 
but  also the effect of method of handling the tissue on 
the glycogen concentrations 2 large groups of rats were 
studied. W~ithin each group the glycogen fractions were 
obtained in right and left ventricles of fasted and non- 
fasted animals after swimming exercise. 

In the first group non-fasted and fasted animals were 
forced to swim for a 15 min period in water at 25 °C. The 
animals were beheaded immediately after swimming, and 
each hear t  was rapidly excised, blotted, and separated 
into left ventricle with interventricular septum attached 
(henceforth referred to as the left ventricle) and free right 
ventricular wall. The right ventricle was immediately 
placed on aluminium foil and frozen between cakes of dry 
ice. The left ventricle was weighed and transferred to a 
Ten-Broeck tissue grinder for homogenization in cold 10% 
trichloroacetic acid. The frozen right ventricle was then 
weighed and also homogenized. Removal  of the heart, 
t r imming and separating the ventricles required approxi- 
mately  11/~-2 rain. The difference in time between 
freezing the right ventricle and weighing and placing of 
the left ventricle in the tissue grinder for homogenizing 

was from 30-60 sec. The totM time between beheading 
the rat  and homogenizing the non-frozen tissue was not  
greater than 21/2 rain. This delay of 2~/~ rain undoubtedly 
allowed additional glycogenolysis to occur, but  compar- 
isons could be made between the various categories of 
animals by keeping the isolation t ime constant for the 
right and left ventricles. 

A second group of animals was sacrificed, and all the 
experimental  variables were identical to the first group 
with the exception tha t  the freezing procedure was 
reversed. The left ventricle was frozen first and the right 
ventricle processed without  freezing. HereMter, the 
cardiac tissue will be referred to either as frozen or non- 
frozen, indicating which method was used in handling 
the ventricles. 

Statist ical  analyses were carried out using the least 
squares analysis of variance and the student t test. 

In  Figure i glycogen values were pooled according to 
several different cri teria and the individual plots tested 
for significance. A glycogen value may  be TCA or 
residual, belong to a left or right ventricle that  was 
frozen or non-frozen after being removed from a fasted 
or non-fasted animal. In order to present the data  in a 
more concise and meaningful way the above information 
was coded on IBM cards and pooled so tha t  any one 
analysis of variance plot would contain only 2 identifying 
bits of information. For example, the adjusted means of 
all glycogen values (regardless of whether T e A  or residual) 
of left and right ventricles from animals forced to swim 
were compared with all glycogen values of left and right 
ventricles from animals in the rested state in Figure 1C. 

Results. All the data  of the experiment are presented 
in the Table and organized according to method of handling 
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Fig. 1. Two-way interactions based on least squares analysis of 
variance. (A) Residual and TeA glycogen fractions in the swimming 
and rested state, F = 17.31. (B) Residual and TCA glycogen in 
fasted and nonfasted rats, F = 380.78. (C) Left and right ventricles 
in the swimming and rested state, F = 12.90. (D) Left and right 
ventricles in frozen and non-frozen conditions, F = 41.49. All above 

F values have a probability value of less than 0,001. 
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Ventricular glycogen fractions according to method of handling tissue 

EXPERIENTIA 23•6 

Left ventricle 

Observations Non-frozen Frozen 

Right ventricle 

Observations Non-frozen Frozen 

Fasted 

Residual 
Swim 25,17 89 ~c 6 ~ 109 4- 5 ~ 14,24 
Rest 21,17 111 ± 8 ~ 132 ~ 4 ~ I6,21 

TCA 
Swim 24, 18 104 4- 11 ~ 165 4- 16~ 19, 24 
Rest 19, 18 232 4- 19 282 4- 21 I8, 2I 

Non-fasted 

Residual 
Swim 31, 12 48 4- 5 ~ 73 4- 6~ 12,30 
Rest 25,11 83 4- 7 • 1544- 6 • 12,32 

TCA 
Swim 31, 12 26 -q- 4 17 4- 2 12, 29 
Rest 31,12 49 -4- 4 ~ 70 4- 8 ~ 12,32 

1004- 5 
118-1- 5 

1824-13 
2524-20 

634- 6 
1214- 5 • 

2 2 ~  2 
544- 5 

92q- 5 
103 4- 6 

164 4- 11 
220 4- 18 

614- 6 
774- 4 • 

364- 6 
564- 6 

Glycogen values (mean 4- s. e. of mean) in ms/100 g of wet tissue. ~ Probability value of less than 0.036. 

t h e  t issue.  I n  t h e  le f t  v e n t r i c l e  6 of t h e  8 c o n d i t i o n s  
d i sp lay  s ign i f i can t ly  lower  g lycogen  va lues  for  t he  non -  
f rozen c o m p a r e d  w i t h  t he  f rozen t issue.  I n  t he  r i g h t  
ventric.le o n l y  one  s ign i f i can t  d i f ference  is no ted ,  a n d  t h a t  
d i f ference revea l s  a g lycogen va lue  h i g h e r  for  t he  n o n -  
f rozen t h a n  for  t h e  f rozen  t issue.  

I n  F igu re  1 t he  s ign i f i can t  t w o - w a y  i n t e r a c t i o n s  are 
p lo t t ed .  Al l  of t h e  pa i r s  of a d j u s t e d  m e a n s  p r e s e n t e d  in 
each  p lo t  a re  s ign i f i can t ly  d i f f e ren t  f r o m  each  o t h e r  w i t h  
a P va lue  of less t h a n  0.001. I n  F i g u r e  1A t h e  p l o t  
i nd i ca t e s  t h a t  t h e  TCA f r ac t ion  of g lycogen  was  dep le t ed  
more  in  s w i m m i n g  t h a n  was t h e  r e s idua l  f rac t ion .  (These  
d a t a  a re  f u r t h e r  a n a l y z e d  in F i g u r e  2). F igure  1B shows  
t h a t  t h e  TCA f r ac t ion  was e l eva t ed  c o n s i d e r a b l y  more  
t h a n  t he  r e s idua l  f r ac t ion  u n d e r  t he  fas ted  cond i t ion .  The  
in f luence  of s w i m m i n g  exercise on  t he  g lycogenoly t ic  
a c t i v i t y  of t h e  2 ven t r ic les  is re f lec ted  in t h e  p lo t  of 
F igure  1C. The  lef t  v e n t r i c u l a r  g lycogen  was  dep le ted  
more  t h a n  t h e  g lycogen of t h e  r i g h t  ven t r i c l e  as a r e su l t  
of t h e  s w i m m i n g  exper ience.  I n  F igu re  1D t h e  ana lys i s  
of v a r i a n c e  p lo t  revea l s  t he  di f ference in  g lycogen  va lues  
w h e n  t he  2 t i ssues  were  e i t h e r  f rozen a n d  t h e n  h o m o -  
genized or  a l lowed t h e  30-60  sec d e l a y  b e t w e e n  s e p a r a t i o n  
a n d  h o m o g e n i z a t i o n .  Glycogenolys i s  in  t h e  lef t  v e n t r i c l e  
was  more  in f luenced  b y  t h e  m e t h o d  of h a n d l i n g  t h e  
t i ssue  t h a n  in t he  r i g h t  vent r ic le .  

T h e  d a t a  pooled  in t h e  t h r e e - w a y  i n t e r a c t i o n  p r e s e n t e d  
in F igu re  2 show the  c o m p a r i s o n  b e t w e e n  g lycogen  
f rac t ions  of a n i m a l s  exercised a n d  r e s t e d  in t h e  f a s t ed  
a n d  non - f a s t ed  condi t ion .  Th i s  p lo t  c o n t r a s t s  t he  signifi-  
cance  of t h e  di f ference b e t w e e n  t he  2 pa i r s  of da ta ,  a n d  
i t  revea ls  t h a t  t he  TCA f r ac t i on  was  u t i l ized  m u c h  more  
in  t he  f a s t ed  c o n d i t i o n  t h a n  was  t h e  r e s idua l  f r ac t i on  
( P  < 0.001). I n  t h e  n o n - f a s t e d  c o n d i t i o n  b o t h  f r ac t ions  
were  ut i l ized more  equa l ly  w h e n  t h e  a n i m a l s  were  forced  
to  swim.  

Discussion. I n  t h e  pooled d a t a  t h e  T CA  f r ac t ion  was  
s h o w n  to  be  more  dep le t ed  t h a n  t he  r e s idua l  f r ac t i on  
due  to  s w i m m i n g  exercise,  and  in fas ted  a n i m a l s  t h e  TCA 
f r ac t i on  was e l e v a t e d  m u c h  more  t h a n  t he  res idua l  
f rac t ion .  B o t h  of t he se  fac ts  h a v e  been  po i n t ed  ou t  in 
t h e  p rev ious  l i t e r a t u r e  7,8. I t  h a s  n o t  been  d e m o n s t r a t e d  

p rev ious ly  t h a t  f a s t ed  a n i m a l s  use more  TCA t h a n  
r e s idua l  g lycogen w h e n  forced to  swim, whereas  n o n -  
fas ted  an ima l s  use b o t h  f r ac t ions  more  equal ly .  Th i s  
r e su l t  is p r o b a b l y  due  to  t h e  in i t i a l  l im i t ed  q u a n t i t y  of 
TCA glycogen  in t h e  h e a r t s  of t he  res ted ,  n o n - f a s t e d  
a n i m a l s  a n d  impl ies  a p re fe rence  for t h e  TCA glycogen  
if i t  is p r e s e n t  in  suf f ic ien t  q u a n t i t y .  

I t  is p r o b a b l e  t h a t  t h e  di f ference in g lycogenolys is  in  
t he  ven t r i c les  is r e l a t ed  to  a g r e a t e r  i m b a l a n c e  b e t w e e n  
oxygen  supp ly  a n d  m e t a b o l i c  needs  in  t h e  lef t  v e n t r i c l e  
t h a n  in  t he  r i g h t  ven t r ic le .  E v e n  t h o u g h  SZEKERES a n d  
LICHNER 2 were u n a b l e  to  show d i f f e ren t  g lycogenoly t i c  
r a t e s  b e t w e e n  lef t  a n d  r i g h t  v e n t r i c u l a r  t i s sue  samples  
i n c u b a t e d  for  1 h t h e y  d id  d e m o n s t r a t e  t h a t  lef t  v e n t r i c u -  
la r  QO~ was s ign i f i can t ly  g r e a t e r  t h a n  t h a t  found  in r i g h t  
v e n t r i c u l a r  t issue.  Th i s  g r e a t e r  o x i d a t i v e  d e m a n d  b y  t he  
lef t  ven t r i c l e  would  p l ay  a s ign i f i can t  role in  p r o d u c i n g  
g r e a t e r  g lycogenolys is  in  t h e  lef t  ven t r i c l e  d u r i n g  exercise.  

T h e  d i f ference  b e t w e e n  t he  g lycogen  c o n c e n t r a t i o n s  of 
f rozen  t i ssue  a n d  n o n - f r o z e n  t i ssue  is c o n s i s t e n t  w i t h  t he  
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Fig. 2. Three-way interaction based Oil least squares analysis of 
variance. Residual and TCA glycogen fractions in fasted and non- 

fasted, exercised and rested animals, F = 40.65, P < 0.001. 

G. A. ADROUNY and J. A. RUSSELL, Endocrinology 59, 241 (1956). 
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QO, d a t a  p r e s e n t e d  b y  SZEXERES a n d  LICHNER. I f  t he  
lef t  ven t r i c l e  h a s  a g r ea t e r  r a t e  of ae rob ic  m e t a b o l i s m  
t h a n  t h e  r i g h t  ven t r i c l e  one  would  e x p e c t  t h e  lef t  ven -  
t r ic le  to  be  more  sens i t ive  to  t h e  i so la t ion  procedures .  
T h e  i n a b i l i t y  of SZEKERES a n d  LICHNER to  show differ-  
ences  in  r a t e s  of g lycogenolys i s  in  t h e i r  i n c u b a t i o n  
s tud ies  is p r o b a b l y  due  to  t h e  p r o l o n g e d  t i m e  i n t e r v a l  
used  to  s t u d y  t h i s  process  s& 

b r a u c h t e n .  Die G l y k o g e n a b n a h m e  war  im l i nken  Ven-  
t r i ke l  n a c h  B e w e g u n g  gr6sser  als im r ech ten .  

D. H.  BLOUNT 

Department o/Physiology, West Virginia University 
Medical Center, Morgantown (West Virginia 
26506, USA), 2rid January 7967. 

Zusammenfassung. Vergle ich  v o n  G l y k o g e n f r a k t i o n e n  
aus  V e n t r i k e l n  m~innl ieher  A l b i n o r a t t e n ,  die 24 h ge- 
f i i t t e r t  wurden ,  m i t  N ich tge f i i t t e r t en .  L e t z t e r e  v e r b r a u c h -  
t en  m e i s t e n s  TCA ( u n g e b u n d e n e s  Glykogen)  n a c h  Be-  
wegung,  wi~hrend gef f i t t e r te  R a t t e n  sowohl  Res t -  
G l y k o g e n  (gebundenes )  wie a u c h  TCA G l y k o g e n  ve t -  

8 This investigation was supported by Public Health Service 
Research Grant No. HE 06747. 
The author wishes to express appreciation to Dr. A. E. DRAKE for 
the assistance given in the statistical treatment of this paper. The 
data was processed for the interactions by the West Virginia 
University Computer Center. 

t~ber die amtndepletierende Wtrkung verschle- 
dener DigitaliskSrper, ein Beitrag zur 

Aufkl{irung des Wirkungsmechanismus 
der Herzglykoside 

Der  H a u p t a n g r i f f s p u n k t  de r  D ig i t a l i sk6 rpe r  w i rd  y o n  
v ie len  A u t o r e n  i m  Ka lz iums to f fwehhse l  de r  H e r z m u s k e l -  
zelle v e r m u t e t  ( l~bers icht  be i  KLAusl ) .  D u t c h  e ine  Be-  
e i n t r g c h t i g u n g  d e r  R f i c k b i n d u n g  des  w/ ih rend  de r  E r r e -  
g u n g  in t raze l lu l / i r  f r e igese tz ten  K a l z i u m s  ode r  f iber  e inen  
Angr i f f  a n  de r  T r a n s p o r t - A T P a s e  2 soil d ie  Z u n a h m e  de r  
b io logisch  a k t i v e n  K a l z i u m f r a k t i o n  zu e iner  s t i i rkeren  
H e m m u n g  des  E r s c h l a f f u n g s f a k t o r s  u n d  d a m i t  zu d e m  
pos i t i v  i n o t r o p e n  E f f e k t  f i ihren.  

E ine  A n z a h l  yon  B e f u n d e n  de r  l e t z t e n  J a h r e  s-18 u n t e r -  
s t f i t z t  die zue r s t  y o n  TA~z 4 geAusserte V e r m u t u n g ,  dass  
e in  Tei l  de r  H e r z g l y k o s i d w i r k u n g  f iber  e ine K a t e c h o l -  
a m i n f r e i s e t z u n g  aus  d e m  H e r z m u s k e l  zu erkl i i ren  sei, d a  
e ine d u r c h  R e s e r p i n  oder  G u a n e t h i d i n  b e d i n g t e  A m i n -  
dep l e t i on  bzw. eine V o r b e h a n d l u n g  m i t  f l -Rezeptoren-  
b l o c k e r n  den  pos i t iv  i n o t r o p e n  Dig i t a l i se f fek t  abschwfi-  
chen.  I n  e igenen  U n t e r s u c h u n g e n  1~ k o n n t e n  wi t  n a c h  
i.p. Gabe  h o h e r  D o s e n  y o n  g - S t r o p h a n t h i n ,  D i g i t o x i n  
u n d  Dig i tox igen in  i n n e r h a l b  de r  F e h l e r b r e i t e  de r  Metho-  
d ik  i m  H e r z m u s k e l  ke ine  s t a t i s t i s c h  zu s i che rnde  Nor-  
a d r e n a l i n v e r m i n d e r u n g  fes ts te l len .  CESSlON-FosSlON ~4 da-  
gegen,  dessen  A r b e i t  u n s  e rs t  n a c h  Absch luss  unse re r  
Ve r suche  b e k a n n t  wurde ,  u n d  LOUBATIt~RES e t  al. ~5 
f a n d e n  n a c h  i.v. G a b e  n i ed r ige r  g - S t r o p h a n t h i n d o s e n  a n  
R a t t e n  ode r  n a c h  i.p. G a b e  a n  M e e r s c h w e i n c h e n  eine 
s t a t i s t i s c h  zu s i che rnde  V e r m i n d e r u n g  des  N o r a d r e n a l -  
i ngeha l t e s  des  Herzens .  Z u r  K1/irung de r  D i s k r e p a n z e n  
zwischen  d e n  v e r s c h i e d e n e n  B e f u n d e n  f i i h r t en  wir  m i t  
m e h r e r e n  G l y k o s i d e n  N a c h u n t e r s u c h u n g e n  durch .  

Die  Dig i t a l i skSrpe r  w u r d e n  R a t t e n  i.v. in  D o s e n  ve r -  
a b r e i c h t ,  die ke ine  d e u t l i c h e n  e x t r a k a r d i a l e n  Ersche i -  
n u n g e n  he rvor r i e fen .  Die  A m i n v e r / i n d e r u n g e n  i m  H e r z e n  
bezogen  wir  a u f  die t~iglich m i t  d e n  e n t s p r e c h e n d e n  
D o s e n  v o n  h t h a n o l  als L S s u n g s m i t t e l  i n j i z i e r t en  Kon-  
t rol l t iere .  U m  die R e p r o d u z i e r b a r k e i t  de r  E r g e b n i s s e  zu 
kon t ro l l i e ren ,  w u r d e n  einige Glykos ide  a n  m e h r e r e n  T a g e n  
in de r  g le ichen Dosis  appl iz ier t .  Die A m i n b e s t i m m u n g e n  
e r fo lg ten  s p e k t r o f l u o r o m e t r i s c h  modi f i z i e r t  n a c h  ANTON 
u n d  SAYRE ~6 u n d  COHEN u n d  GOLDENBERG 17, die 
s t a t i s t i s che  A u s w e r t u n g  wurde  v a r i a n z a n a l y t i s c h  oder  
n a c h  WINNEXS durchgef f ih r t .  Die E r g e b n i s s e  s ind in  de r  

Tabe l l e  gegeni iberges te l l t ,  Aus  de r  Tabel le  e rg ib t  sich, 
dass  a n  de r  R a t t e  in  d e m  gepr f i f t en  D o s e n b e r e i c h  age  
u n t e r s u c h t e n  h e r z w i r k s a m e n  S te ro ide  eine s t a t i s t i s c h  zu 
s i che rnde  A m i n v e r a r m u n g  i m  H e r z m u s k e l  h e r v o r r u f e n .  
Die St l t rke  de r  A m i n v e r a r m u n g  va r i i e r t  m i t  de r  Z e i t d a u e r  
de r  E i n w i r k u n g  u n d  der  Dosis,  s c h e i n t  j e d o c h  a u c h  n a c h  
h o h e n  Dosen  50% n i c h t  zu f ibers te igen.  Ats  E r g / i n z u u g  
zu u n s e r e n  f r f iheren  V e r s u c h e n  w u r d e  R a t t e n  50 m g / k g  
g - S t r o p h a n t h i n  i.p. i n j i z i e r t  u n d  die E i n w i r k u n g s z e i t  au f  
60 M i n u t e n  ver lAnger t .  T r o t z  der  h o h e n  Dosis  k a m  es n u r  
zu e iner  a n g e d e u t e t e n  A m i n v e r a r m u n g  ( P  < 0,05). 

U n s e r e  B e f u n d e  b e s t ~ t i g e n  die E r g e b n i s s e  y o n  
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