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Glycogen Storage during Last Part of Pregnancy 

The h ighes t  con t en t  of glycogen in the  n o n - p r e g n a n t  
ra t  u te rus  is found  at  p roes t rus  1. At  diestrus,  u ter ine  
glycogen is a t  its lowest  value 1. Recen t  inves t iga t ions  
have  d e m o n s t r a t e d  t h a t  glycogen is localized p r imar i ly  in 
the  m y o m e t r i u m  2, a. The ca rbohydra t e  me tabo l i sm  in the  
ra t  u te rus  dur ing  late  p regnancy  appear s  to  be ve ry  
s l ight ly  inves t iga ted ,  and  l i t t le  is known  regard ing  the  
b iochemica l  even ts  in t he  u terus  dur ing  pa r tu r i t i on  and  
pos tpa r tu r i t ion .  The regula t ion of glycolysis,  glycogen 
synthes is  and  i ts  degrada t ion  dur ing  ear ly  p r egnancy  was 
e labora te ly  s tudied  by  GREENSTREET and FOTHERBY 4. 
Most  of the  recen t  papers  have  shown the  modi fy ing  
effects of r epea t ed  in jec t ions  of es t radiol  and  proges te rone  
on u ter ine  glycogen b u t  no sys t emat i c  s t u d y  has  been  
per fo rmed  to  de t e rmine  the  dai ly var ia t ions  in glycogen 
con ten t  dur ing  the  last  pa r t  of p r egnancy  ~, 6. This paper  
describes an inves t iga t ion  of the  glycogen s torage in the  
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Fig. 1. The evolution of glycogen storage in the uterus of non- 
pregnant (C) and pregnant rats. 18d, 20d, 21d, days of pregnancy; 
0 h P and 24 h P, 0 h and 24 h after birth; n, number of rats utilized 
in each group. StatistieaIly: C differs from 18d, 20d, 21d, 0 h P 
24 h P (P < 0.001). 18d dilfers from 0 h P (P < 0,005). 21 d differs 
from 0 h P (P < 0,005). 24 h P differs from 0 h P (P < 0.001). 
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Fig. 2. Gestational changes in the concentration of hepatic glycogen 
in rats. C, non-pregnant rats; 18d, 20d, 21 d, days of pregnancy; 
0 h P and 24 h P, 0 and 24 h after parturition; n, number of animals 
used. Statistical differences between different groups are given 
below: C and 18d (P < 0.02). C and 21d (P < 0.001). 21d and 20d 
(P < 0.05). 18d and 21d (P < 0.001). 

in Uterus ,  Liver and Heart  of Rats  

ra t  u terus  f rom the  18th day  of p r egnancy  to 24 h post-  
par tu r i t ion .  The glycogen concen t ra t ion  of the  liver and 
hea r t  dur ing  the  ent i re  observa t ion  per iod was also 
de t e rmined  to  f i n d  out  any  possible re la t ionship  or t rans-  
por t  to the  uterus.  

Materials and methods. Albino female ra t s  of Sherman  
s t ra in ,  weighing 250 4- 50 g, were used t h r o u g h o u t  the  
de t e rmina t i on  period. The age of the  ra ts  ranged f rom 12 
to 14 weeks. They  were housed a t  a cons t an t  t e m p e r a t u r e  
of 22~ wi th  exposures  to  na tura l  l ight  and  darkness  
dur ing  the  m o n t h s  of J a n u a r y  to April. The  animals  were 
ma in t a ined  on commercia l  l abora to ry  food ad l ib i tum.  
The ra ts  were made  p r eg n an t  by  keeping one male  w i th  
seven females in a cage f rom 19.00 h to 09.00 h once only. 
The fer t i l izat ion was  supposed  to occur a t  02.00 h. This 
was t aken  to be an app rox ima t ion  of the  beginning  of 
pregnancy .  The females  were pa lped  14 days  later,  and  
if pos i t ive  a t  02.00 h, t h e y  were considered 141/2 days  
pregnant .  Unde r  normal  condi t ions  pa r tu r i t i on  occurred 
dur ing 21st and 22nd day  of p regnancy .  On each specified 
day  of pregnancy ,  the  animals  were killed by  neck f rac ture  
and the i r  liver, h e a r t  and u terus  were excised immedi -  
ately.  The organs were r insed in ice-cold 0.9 % KC1, b lo t t ed  
d ry  on fil tre paper  and  cut  in small  pieces in a watchglass  
placed on crushed ice. About  one g ram of each organ was 
t rans fe r red  to a p y r e x  assay tube  conta in ing  1 ml  of 60% 
KOH.  

Assay of glycogen. Glycogen was ex t r ac t ed  according to  
the  pr inciple  of SLOSSE by  dissolving the  t issues in 60% 
K O H  and its fu r ther  convers ion to  glucose 7. For  cacti 
assay abou t  1 g of t he  liver, hea r t  or u terus  was taken,  
cut  in to  small  pieces and  t rans fe r red  to a screw cap assay 
tube  conta in ing  1 ml of 60% KOH.  The tubes  were 
incuba ted  in a w a t e r - b a t h  a t  100~ for 3 hours.  At  the  
end of the  incubat ion,  4 ml  dist i l led wa te r  was added  to  
each sample  and the  tubes  were cooled. To accelerate  
precipi ta t ion,  10% in vo lume of 20% sodium ace ta te  
and 10 ml  of e thy l  alcohol 95 ~ was added  to each 
tube.  The tubes  were p laced  in a freezer a t  - -30~  for 1 
h. At  the  end of prec ip i ta t ion ,  the  tubes  were shaken 
mechanica l ly  for 10 min, cent r i fuged at  a modera t e  speed 
for 5 min  and  the  s u p e r n a t a n t  was discarded.  The pre- 
c ip i ta te  was washed  wi th  10 ml  of 60% e thyl  alcohol and  
s u p e r n a t a n t  was d iscarded  af ter  cent r i fugat ion .  The 
washing  wi th  60% alcohol was pe r fo rmed  3 t imes.  Final  
washing  was made  wi th  10 ml  of 95% alcohol. The pre-  
c ip i ta te  was dried in a w a t e r - b a t h  a t  100~ W h e n  dry,  
10 ml  of ho t  dist i l led wa te r  and  0.67 ml  of concen t ra t ed  
HC1 (d: 1.175) were added.  The tubes  were closed f i rmly  
and  incuba ted  for 1 h a t  100~ for convers ion  of glyc 0- 
gen to glucose. Af te r  incubat ion,  the  con ten t s  of t he  tubes  
were neut ra l ized  wi th  60% K O H  and  p H  was ad jus ted  to  
7 w i th  the  help  of a glass electrode.  The volume of each 
tube  was ad jus ted  to  15 ml  and  the  con ten t s  of t he  t ube  
were assayed for glucose by  the  me t h o d  of glucose 
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oxidaseS,% The detai ls  of calculat ions are given else- 
where s. The results  are exi~ressed in mg glycogen/g 
organ weight .  S ta t i s t ica l  differences are calculated wi th  
F isher ' s  S tuden t  t-test .  Tile mean  values  are expressed 
wi th  s t anda rd  errors. 

Results.  Figure 1 shows the  glycogen con ten t  of the  
uterus  in n o n - p r e g n a n t  and  p r egnan t  rats.  The mean  
value for uter ine  glycogen in n o n - p r e g n a n t  ra ts  was very  
low. On the  18th day  of p regnancy  an i m p o r t a n t  increase 
of 358% of the  cntrol  value was observed.  This  increase 
remained  near ly  s table  dur ing  20th and 21st day  of 
pregnancy.  At  0 h of par tu r i t ion ,  the  u ter ine  glycogen 
d e m o n s t r a t e d  fu r ther  increase and reached its m a x i m u m  
value (544% higher  t h a n  the  controls).  Af te rwards  gly- 
cogen con t en t  of u terus  s ta r ted  to decline. At  24 h pos t -  
pa r tu r i t i on  the  mean  value was 48.1% lower t h a n  the  
value of 0 h par tur i t ion ,  bu t  it  was still 266% higher  t h a n  
the  controls .  

The changes  in hepa t ic  glycogen dur ing  pregnancy,  
pa r tu r i t i on  and  pos t -pa r tu r i t i on  are i l lus t ra ted  in Figure 
2. The n o n - p r e g n a n t  ra t s  show the  h ighes t  con ten t  of 
glycogen in the  liver. On 18th, 20th and 21st days  of 
pregnancy,  respect ive  declines of 18.5%, 28% and 41% 
as compared  wi th  n o n - p r e g n a n t  l iver glycogen were 
observed.  On the  21st day  of p regnancy ,  hepa t ic  glycogen 
was a t  its lowest  value. At  pa r tu r i t i on  and  24 h post-  
pa r tu r i t i on  progressive increases in l iver glycogen occured. 

Figure 3 provides  the  evolut ion  of glycogen in the  ra t  
hea r t  f rom the  18th day  of p regnancy  to  24 h pos t -  
par tu r i t ion .  On the  18th and 20th day  of pregnancy,  
only sl ight  var ia t ions  in cardiac glycogen were observed 
as compared  to the  control  group. There  was an i m p o r t a n t  
decline on the  21st day  of ges ta t ion  (36.4% lower t h a n  the  
n o n - p r e g n a n t  rats).  At  0 h pa r tu r i t i on  glycogen in the  
hea r t  d imin ished  to the  lowest level (70.3% lower t h a n  
the  control  group) bu t  th is  decline did no t  last  very  long, 
as 24 h af ter  pa r tu r i t i on  cardiac glycogen again s ta r ted  to 
increase (205% of 0 h par tur i t ion) .  

Discussion.  The resul ts  of the  p resen t  inves t iga t ion  
d e m o n s t r a t e  progressive increases in the  con ten t  of 
u ter ine  glycogen on the  18th, 20th and 21st day  of 
pregnancy .  At  the  same t ime hepa t ic  glycogen stores 
decl ined signif icantly.  These var ia t ions  suggest  an act ive  
t r anspo r t  of hepa t ic  glycogen to the  uterus  which  is mos t  
ac t ive  dur ing  last  pa r t  of p regnancy  and par tur i t ion .  Our 
p resen t  resul ts  could be compared  wi th  previous s tudies  
on the  me tabo l i sm of glucose and  changes in enzymes  of 
glycogen synthes is  and me tabo l i sm in the  ra t  u terus  
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dur ing  early p regnancy  10-12. The la t t e r  au thors  found 
sys temat ic  increases in glycogen concen t ra t ion  of the  
uterus  dur ing 2 to 7 days  of pregnancy,  bu t  the  m a x i m u m  
increase in u ter ine  glucose occurred on the  3rd day  of 
pregnancy.  The ac t iv i ty  of g lucose-6-phosphatase  and 
glycogen syn the ta se -D also showed marked ly  i m p o r t a n t  
increases dur ing  the  first  12 days  of ges ta t ion  12. The 
e levated glycogen con ten t  of the  uterus,  as well as t he  
liver, a t  0 h pa r tu r i t i on  also suggests  concomi tan t  rise 
in the  act ivi t ies  of all the  forms of glycogen syn the t a se  
dur ing th is  period.  Af ter  par tur i t ion ,  the  a m o u n t  of 
glycogen in the  uterus  and  the  liver s ta r ted  to  re turn  to 
the  n o n - p r e g n a n t  values. 

Ano the r  exp lana t ion  for the  modif ica t ions  in glycogen 
stores can be ga thered  f rom our previous  f indings on the  
excret ion,  release and s torage of adrenaline,  noradrenal ine  
and the i r  metabol i tes  dur ing  late p regnancy  13-~a. We 
observed highly  s ignif icant  increases in plasma,  urine and  
t issue ca techolamines  f rom 18th day  of p regnancy  to 
24 h pos t -par tu r i t ion .  Therefore  any  modif ica t ions  in 
s y m p a t h e t i c  nervous  ac t iv i ty  could be supposed d i rec t ly  
to affect  glycogen storage. Cardiac glycogen ac ted  like 
liver glycogen, which also decl ined marked ly  dur ing 21st 
day  of p regnancy  and 0 h pa r tu r i t i on  suggest ing t h a t  
glycogen f rom this  organ also served as the  source of 
energy for uterus.  I t  could also be considered t h a t  the  
decrease in glycogen con ten t  of the  hea r t  f rom 21st day  
of p regnancy  to 0 h pa r tu r i t i on  is a consequence  of an 
increase in the  mechanica l  ac t iv i ty  of the  hea r t  which  
supplies more  blood to the  con t rac t ing  uterus  dur ing this  
in terva l  of p regnancy  and  par tur i t ion .  Al though  it is still 
ha rd  to specify the  exact  i n t e rp re t a t i on  for modif ied 
glycogen s torage of d i f ferent  organs, a possible explana-  
t ion  is t h a t  the  act ivi t ies  of the  enzymes  for glycogen 
synthes is  and degrada t ion  (glycogen syn the t a se  and phos-  
phorylase)  are changed in re la t ion to  each other.  Recen t ly  

�9 ovar ian  hormones  have  been  shown to increase glycogen 
syn the t a se  16 -~8 and phosphory lase  19-21. The modif ica t ions  
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Fig. 3. The glycogen content of rat heart during late pregnancy, 
parturition and post-parturition. C, control rats; 18d, 20d, 21d, 
days of pregnancy; 0 h P and 24 b P, h after birth; n, number of cases 
for each group. Statistical differences between different groups: 
C and 21d (P < 0.02). C and 0 h P (P < 0.005). 20d and 21 d 
(P < 0.02). 20d and 0 h P (P < 0.001). 0 h P and 24 h P (P < 0.05). 
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in  h o r m o n a l  s t a t e  induced  b y  t he  p r e g n a n c y  could be  
cons idered  a n  i m p o r t a n t  fac to r  for v a r i a t i o n s  in  t i ssue  
glycogen.  The  obse rved  v a r i a t i o n s  in  g lycogen concen t ra -  
t i o n  of t h e  u t e rus  s u p p o r t  t he  sugges t ion  t h a t  a n  ac t ive  
t r a n s p o r t  of h e p a t i c  a n d  card iac  glycogen to  t he  u t e rus  
exis ts  d u r i n g  l a t e  p r egnancy .  

Rdsumd. Ce t r a v a i l  d6cr i t  l ' 6vo lu t ion  du  c o n t e n u  en  
glycog&ne de l 'u t6rus ,  du foie et  du  cceur chez des r a t t e s  
en  f in  de ges ta t ion ,  au m o m e n t  de la p a r t u r i t i o n  et  en  
p o s t - p a r t u m .  Le glycog~ne de l ' u t6 rus  a u g m e n t e  de 
fas  t rgs  s igni f ica t ive  du 18e jour  de ges t a t ion  j u s q u ' a u  
m o m e n t  de la p a r t u r i t i o n .  Au con t r a i r e  le glycog~ne 

h 6 p a t i q u e  d i m i n u e  du  18e au 21e jour  de ges ta t ion .  Le 
con t enu  en glycoggne du ccenr dgcroi t  b r u t a l e m e n t  du  
20e jour  de ges t a t ion  5. 0 h p o s t - p a r t u m .  Dgs 24 h pos t -  
p a r t u m  les r6serves en glycoggne de c h a c u n  des organes  
a m o r c e n t  u n  r e tou r  vers  les va leu r s  t~moins .  Les r6su l ta t s  
sugg~rent  qu ' i l  exis te  u n  d @ l a c e m e n t  du  glycog~ne 
h @ a t i q u e  vers  l ' u t6 rus  p e n d a n t  la derni~re pa r t i e  de la 
ges ta t ion .  

SIMONE PARVEZ and H. PARVEZ 

University o/ Baris X I ,  Center o/Orsay, 
Endocrinology Laboratory, F-91405 Orsay-91 (France), 
2 May 7974. 

A Radio immunoassay  of Vasopressin.  A Note on Pituitary Vasopressin Content in Brattleboro Rats 

A recen t ly  deve loped  r a d i o i m m u n o a s s a y  of vaso-  
press in  was t e s t ed  for i ts  s ens i t i v i ty  and  re l i ab i l i ty  b y  
d e t e r m i n i n g  t he  a m o u n t  of va sop re s s in  in pos te r io r  
p i t u i t a r i e s  of r a t s  w i t h  h y p o t h a l a m i c  h e r e d i t a r y  d iabe tes  
ins ip idus  (D. I.) (B r a t t l ebo r o  s t ra in) .  Pos te r io r  p i t u i t a r y  
vasopress in  c o n t e n t  of he te rozygous  D.I.  r a t s  ha s  b e e n  
r e p o r t e d i ,  b u t  l i t t le  d a t a  on  p i t u i t a r y  vasopres s in  con- 
t e n t  of h o m o z y g o u s  D.I .  r a t s  exist .  Therefore ,  t he  a m o u n t  
of vasopres s in  in  pos te r io r  p i t u i t a r i e s  of h o m o z y g o u s  a n d  
he te rozygous  r a t s  of t he  B r a t t l e b o r o  s t r a i n  was assessed 
b y  b o t h  r a d i o i m m u n o a s s a y  a n d  bioassay.  

A n t i b o d i e s  aga ins t  s y n t h e t i c  a rg in ine -8 -vasopress in  
(AVP;  300 I U / m g ,  Fer r ing)  were p roduced  as descr ibed  
b y  SKOWSKY and  FISHER 2. A V P  was coupled  to  t h y r o -  
g lobul in  b y  e t h y l c a r b o d i i m i d e  and  t he  p r o d u c t  was 
emuls i f ied  in F r e u n d ' s  comple t e  a d j u v a n t  a n d  in jec ted  
i .m. in to  y o u n g  adu l t  New Zea land  r a b b i t s  (1.5-3.0 kg). 
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Standard curve of arginine-8-vasopressin (AVP) showing inhibition 
of binding of 12SI-AVP by antibody at a final dilution of 1 : 60,000 in 
the presence of serial dilutions of unlabelled AVP. The bound/free 
ratio of i~SI-AVP is plotted against the concentration of standard 
AVP. 

An  in i t ia l  dose of an t igen ,  co r respond ing  to  0.4 m g  A V P  
was given,  followed b y  a boos te r  w i t h  ha l f  t h i s  a m o u n t  of 
an t i gen  eve ry  3 weeks. The  f i rs t  a n t i s e r u m  was col lected 
18 weeks a f t e r  t i le in i t ia l  in jec t ion .  

A V P  was label led  w i t h  Nai2SI (Amersham)  us ing  
c h l o r a m i n e  T as o x y d a n t .  The  r eac t ion  was s topped  b y  
a d d i t i o n  of h u m a n  serum.  S e p a r a t i o n  of i"SI-AVP; f rom 
label led  a l b u m i n  a n d  un labe l l ed  AVP,  was accompl i shed  
b y  passage  t h r o u g h  a S e p h a d e x  G 25 f ine co lumn  (1.0 • 
10.0 cm) equ i l i b r a t ed  w i t h  0.2 M acet ic  acid. Th i s  t r a c e r  
w i t h  a specific a c t i v i t y  of 200 ~Ci/~g was s tored  in smal l  
po r t i ons  a t  - -20~ A Verona l  buf fer  (pH 8.0) was used 
as d i l uen t  a. 

S t a n d a r d  a m o u n t s  of A V P  r a n g i n g  f rom 1 pg  to 128 pg  
were used for t he  ca l i b r a t i on  cu rve  (Figure),  wh ich  
inc luded  a n t i b o d y  b l a n k  a n d  d i l uen t  b lank .  The  f inal  
d i l u t ion  of t he  a n t i b o d y  was 1:60.000. The  t o t a l  v o l u m e  
was 110 F1/tube. The  i n c u b a t i o n  t i m e  was 48 h a t  4~ 
A m m o n i u m  su lpha te  was used for t he  s e p a r a t i o n  of 
b o u n d  a n d  free I~SI-AVP. The  de tec t ion  l imi t  in  buffer  
was  2 pg  AVP.  S imi la r  s t a n d a r d  curves  for A V P  were 
ob ta ined ,  r a n g i n g  f rom 2 to  128 pg  over  a n u m b e r  of 
assays,  a n d  also t he  same de tec t ion  t h r e s h o l d  of 1-3 pg 
was found,  i nd i ca t i ng  a h i g h  degree of reproduc ib i l i ty .  
Concern ing  cross r e a c t i v i t y  w i t h  r e l a t ed  pept ides ,  t he  
de t ec t i on  t h r e sho lds  oI oxy toc in  a n d  of lys ine-8-vaso-  
press in  (LVP) were ca. 60 pg. S t a n d a r d  curves  w i t h  these  
pep t ides  d id  no t  r u n  para l le l  to  t he  A V P  curve.  

The  pressor  a c t i v i t y  of t he  pos te r io r  p i t u i t a r y  ex t r ac t s  
was  e s t i m a t e d  b y  t he  b lood  pressure  b ioassay  in anes the-  
t i zed  r a t s  p r e t r e a t e d  w i t h  p h e n o x y b e n z a m i n e  (10 mg/kg)  
as descr ibed  b y  DEKANSKI ~. 

H o m o z y g o u s  and  he te rozygous  male  r a t s  of t he  B r a t t -  
leboro s t ra in ,  b r ed  u n d e r  S P F  cond i t ions  (TNO, Zeist) 
were ki l led b y  decap i t a t ion .  The  p i tu i t a r i e s  were r e m o v e d  
f rom the  sella, t he  pos t e r i o r  lobes sepa ra t ed  f rom the  
an t e r i o r  lobes, weighed,  homogen i zed  in 2.1 ml  d i luen t  
buf fer  a n d  s tored  a t  - -20~  un t i l  tes t ing .  Al iquo t s  of 
p i t u i t a r y  h o m o g e n a t e s  of h o m o z y g o u s  and  he te rozygous  
r a t s  were t e s t ed  for pressor  a c t i v i t y  in a 2 X 2 b ioassay .  
I n  3 pos te r io r  p i t u i t a r y  h o m o g e n a t e s  of h o m o z y g o u s  D.I .  
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