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l 'exp@rimentat ion in vi t ro  a 6t6 effectu6e sur des coupes 
de cceur. Sur celles-ci, l ' ang io tens ine  ne p rovoque  pas  la 
l ibera t ion de la noradr@naline ~ e t  les var ia t ions  h6mo- 
dynamiques  sont  6vit6es. I1 est  c ependan t  possible  de 
difi6rencier les r6duct ions  d ' accumula t ion  t issulaire de 
noradr@naline provoqu6es  par  les var ia t ions  h6modyna-  
miques  de celles qui sont  secondaires  ~ une inh ib i t ion  du 
captage  axonal  membrana i re .  L ' i nh ib i t i on  du captage  
accroit  la quan t i t6  de m6dia teur  sur les r6cepteurs  adr6ner-  
giques ; il en r@sulte une augmen ta t i on  t issulaire des m~ta-  
boli tes  de la noradr@naline et, en part icul ier ,  des d6riv6s 
m@thoxyl6s (IVERSEN et a1~45), simultan@e ~ la r6duct ion  
de l ' incorpora t ion  de noradr6nal ine,  comme nous  l ' avons  
consta t6  avec la d6sipramine.  Aucun des auteurs  pr6c6- 
den t s  n ' a  dos6 les d6riv@s de la noradr@naline 46, 47 

E n  outre,  nos exp@riences m o n t r e n t  l ' absence  d ' inhib i -  
t ion pa r  l ' angio tens ine  des mono-amino-oxydases .  

Ainsi, nos r@sultats m o n t r e n t  que l ' angio tens ine  ne per-  
t u rbe  pas l ' accumula t ion  de noradr6nal ine  au niveau du 
cceur, ce qui  est  en accord avec les r6sul tats  pha rmaco lo -  
giques ne m o n t r a n t  pas  d ' a u g m e n t a t i o n  des effets pres-  
seurs de la noradr6nal ine  exog6ne par  le pept ide .  

Summary .  The act ion of angiotens in  I I  on cardiac  up take  
of norep inephr ine  was inves t iga ted  in the  ra t  in vivo and  
in vitro.  In  con t ras t  to  des ipramine,  ne i ther  infusion of 
subpress ive  (10 ng/kg/min)  or pressive (50-150 ng/kg/min)  
a m o u n t s  of angiotens in  on in t ac t  and /or  b inephrec tomized  
rats,  nor  incuba t ion  of cardiac slices wi th  angiotens in  I I  
(10-~; 10-9M) impai r  the  accumula t ion  of t r i t i a t ed  nor- 
ep inephr ine  and the  level of metabol i tes .  I t  is thus  con- 
c luded t h a t  there  is no inhib i t ing  act ion of angiotens in  I I  
on the  cardiac up take  of norepinephr ine .  
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T h e  Effect of Oestradio l -17 /3  on  Uter ine  A d e n o s i n e  T r i p h o s p h a t a s e  in the  Rat  

SKou 1 has suggested t h a t  Mg 2+, N a +  K+ s t imula ted  
adenosine  t r i phospha ta se  (ATPase;  E.C. 3.6.1.4 A T P  
phosphohydro lase)  could be an essent ial  m e c h a n i s m  by  
which ceils ma in t a in  a low concen t ra t ion  of sodium. 
HALL 2 has  d e m o n s t r a t e d  a decrease in u ter ine  ATPase  in 
mice dur ing ovum implan ta t ion ,  and  it has  been suggested 
t h a t  a l te ra t ions  in ac t iv i ty  of this  enzyme could be re la ted  
to the  influx of wa te r  and  sodium into  the  oestrous 
uterus  3. The following is an extens ion  of th is  work by  
examining  the  h is tochemica l  localization of ATPase  in 
the  uter i  of oes t rogen t r ea t ed  ovar iec tomized  rats,  and 
by  measur ing  the  levels of th is  enzyme in the  microsomal  
and  mi tochondr ia l  f ract ions  of u ter ine  homogena tes .  

Methods. W h i t e  Wis t a r  female adul t  ra t s  weighing 
220 ~ 20 g were used. Ovar i ec tomy was performed,  and 
af ter  7 days  oestradiol-17fi  (5 vg in 0.1 ml  arachis  oil/rat) 
or 0.1 ml  oil was admin i s t e red  by  s.c. inject ion to t e s t  
and control  animals  respect ively.  Af ter  23-24 h the  ra t s  
were  killed by  cervical  dislocation.  

The uter i  were t h e n  examined  for ATPase  ac t iv i ty  
using his tochelnical  and quan t i t a t i ve  chemical  methods .  
For  the  h is tochemica l  s tudy  sect ions of u terus  10 am th ick  
were cut  a t  - -  20 ~ and t h e n  s ta ined  for ATPase  4, ~. 

1 j .  C. SKOU, Physiol. Rev. 45, 596 (1965). 
2 K. HALL, J. Endocr. dT, 53 (1968a). 
a p. K. KARMAKAR, Experientia 25, 319 (1969). 
4 D. NAIDOO and O. E. PRATT, J. Neurol. Neurosurg. Psychiat. 75, 

164 (1952). 
50. E. PRATT, Biochem. biophys. Aeta 7d, 380 (1954}. 

Fig. 1. Section of uterus of ovarieetomized adult rat stained for 
ATPase activity. Black colouration indicates the presence of the 
enzyme. ATPase present in greater amounts in outer muscle layers, 
blood vessels and stromal connective tissue cells. • 86. 

Fig. 2. Section of uterus from a rat treated with 5 ~g of oestradiol- 
17/~ 24 h previously. Compared with Figures 1 and 3 there is much 
loss of ATPase in the outer muscle layers and persistanee of activity 
in blood vessels. • 84. 
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Preparation Control Test 
Mean Significance 

Mean N o . ~  Standard Mean N o . ~  Standard difference of difference 
error error (control-test) (t-test) 

Mitochondria 3.52 7 0.256 2.28 7 0.325 1.24 P < 0.001 
Mierosomes 6.74 7 0.892 3.73 7 0.350 3.01 P < 0.001 

Expressed as ~moles inorganic phosphate released (rag protein/5 rain). Final concentrations in incubation mixture: tris, 50 mM, pH 7.3 
MgC12 3 mM; NaC1 90 mM; KC1 10 mM about 0.04 mg mitochondrial or microsomal protein in 0.1 ml of 0.25M sucrose per ml. ~ Number of 
observations. Each observation based on a pooled specimen of 3 uteri. 

Quan t i t a t i ve  assays of ATPase  were carried out  by  
measur ing  the  ra te  of release of inorganic  p h o s p h a t e  f rom 
subs t r a t e  (adenosine 5"-triphosphate-tris salt) a t  37~ 6. 
The m e a s u r e m e n t s  were made  on subcel lular  f rac t ions  
p repa red  as follows: following b lo t t ing  and  weighing the  
uteri ,  t h e y  were homogen ized  in ice cold 0 .25M sucrose, 
0 .001M tris, p i t  7.3 (1 g/10 ml). The suspension was 
cent r i fuged at  900 • g for 12 rain a t  4~ and the  pel le t  
re -ex t rac ted .  The combined  s u p e r n a t a n t s  were cent r i fuged 
at  12,000 • g for 20 min  at  4~ Tile tan-coloured  mi to-  
chondr ia l  pel le t  was resuspended  in the  sucrose-tris solu- 
t ion  in t he  p ropor t ion  1 g original  t issue/10 ml  solution. 
The mi tochondr i a  were cent r i fuged at  10,000 • g for 
20 rain. The s u p e r n a t a n t s  were pooled and  cent r i fuged 
at  36,000 • g for 2 h. The microsomal  pellet  was washed  
in t he  same medium.  

Results. Widesp read  ATPase  ac t iv i ty  was d e m o n s t r a t e d  
in the  contro l  ra t  uteri .  The mos t  in tensely  s ta in ing  regions 
were the  walls of t he  blood vessels in the  m y o m e t r i u m  
and  in the  endomet r i a l  s t roma.  Tile m y o m e t r i u m  also 
exh ib i t ed  marked  ac t iv i ty  - par t i cu la r ly  in the  outer  
p r e d o m i n a n t l y  longi tudina l  muscle  layer  (Figure 1). 
Much ATPase  ac t iv i ty  was de t ec t ed  in the  connect ive  
t issue cells of ti le endomet r ia l  s t r oma  and  th is  was usual ly 
increased in the  region benea th  the  basal  aspects  of the  
co lumnar  endomet r i a l  ep i the l ium-l ined  diver t iculae  away  
f rom the  main  u ter ine  lumen  (Figures I a n d  3). There  was 
only  m ode ra t e  enzymic  reac t ion  in t he  endomet r i a l  epi the-  
lium. Fol lowing oestradiol  t r e a t m e n t ,  the  uter i  showed an 

overall  loss of ATPase  reac t ion-par t icu la r ly  in the  outer  
muscle  layer  (Figure 2). The in tense  s ta in ing  ot t he  blood 
vessels pers is ted  however  (Figures 2 and  4). A n o the r  
charac ter i s t ic  change  was loss of the  connect ive  t issue 
ac t iv i ty  in the  region of the  endomet r i a l  ep i the l ium lining 
diver t iculae  of the  cent ra l  lumen (Figures 2 and  4). The 
endomet r i a l  ep i the l ium itselI was essent ial ly  unchanged  
in its s ta in ing  react ion.  

The Table  shows a decrease in ATPase  ac t iv i ty  in b o t h  
the  microsomal  and  mi tochondr ia l  f rac t ions  in the  uter i  
of oestrogen t r ea t ed  animals.  The grea tes t  drop  in ac t iv i ty  
occurred in t he  microsomal  fraction,  bu t  in b o t h  f ract ions  
the  decrease was highly  s ignif icant  s ta t i s t ica l ly  ( P <  
o.ool). 

Discussion. This decrease in ATPase  ac t iv i ty  is d i f fe rent  
f rom the  overall  s t imu lan t  effect  of oest rogens on pro te in  
syn thes i s  in the  uterus  v-IS. The delay  in the  onset  .of 
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Fig. 3. Similar to Figure 1, showing a region of epithelial diverticulae 
from the main uterine lumen. Surrounding the diverticulae is marked 
stromal enzyme activity. • 85. 

Fig. 4. Similar to Figure 2 showing no accentuation of connective 
tissue enzyme activity surrounding epithelial diverticula of the 
central uterine lumen. • 96. 
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A T P a s e  loss suggests  a decrease  in syn thes i s  in e n z y m e  
p ro t e in  r a t h e r  t h a n  a d i rec t  d r u g - e n z y m e  in te rac t ion .  

The  h i s tochemica l  d e m o n s t r a t i o n  of loss of A T P a s e  in 
b lood  vessels, s m o o t h  muscle  and  s t r o m a l  cells is more  
ex tens ive  t h a n  t he  changes  obse rved  b y  HALL 2'~3 in  
p r e g n a n t  mice, who  obse rved  comple t e  loss of e n z y m e  
a c t i v i t y  in t he  b lood  vessels of t h e  dec idua  a t  t h e  ~mplanta-  
t ion  site. HALL suggests  t h a t  such  loss is no t  due to  pro- 
ges te rone  a lone  b u t  requi res  t he  presence  of oestrogens.  
The  resu l t s  of t he  p r e s en t  e x p e r i m e n t s  p rov ide  s u p p o r t  
for t he  poss ib i l i ty  t h a t  oes t rogens  a lone  can  p roduce  th i s  
effect. 

Zusammen/assung. A T P a s e - A k t i v i t ~ t s m e s s u n g e n  im 
U t e r u s  der  R a t t e  n a c h  17fi-Oestradiol  e rgeben  ein r e l a t iv  
d i f fe renz ier tes  W i r k m u s t e r  fiir dieses Steroid.  

P. K. KARMAKAR a n d  R. G. SPZCTOR 

Pharmacology Department, 
Guy's Hospital Medical School, 
London S.E.I (England), 29 June 1970. 

la K. HALL, J. Endocr. 4,1, 91 (1969). 

A Linear Correlation Between the Amount  of ~H-Ouabain Administered Orally and that Absorbed 
by the Gastrointestinal Tract in Guinea-Pigs  

I n  r ecen t  years ,  m e t h o d s  us ing  r ad ioac t ive  isotopes  
h a v e  enab l ed  more  accu ra t e  a n d  comple t e  resu l t s  to  be  
o b t a i n e d  in  s t u d y i n g  t h e  p h a ' r m a c o d y n a m i c s  of card iac  
glycosides t h a n  those  p rev ious ly  ach ieved  b y  ind i rec t  
b iological  t e chn iques  z. However ,  t he  i n t e s t i n a l  a b s o r p t i o n  
of  o u a b a i n  ha s  n o t  ye t  been  t h o r o u g h l y  s tudied .  I n  effect, 
t h e  l imi t ed  d a t a  r epo r t ed  in t h e  l i t e r a tu re  on t h i s  sub jec t  
are  n o t  in  ag reemen t ,  pa r t i cu l a r l y  as far  as r egu la r i t y  
of a b s o r p t i o n  is conce rned  ~-5. Th i s  i nves t i ga t i on  was 
a imed  a t  d e t e r m i n i n g  t h e  a m o u n t  of o u a b a i n  a b s o r b e d  
b y  t he  i n t e s t i na l  r ou t e  a n d  in pa r t i cu l a r  a t  a s c e r t a i n i n g  
w h e t h e r  t he re  is a n y  l inea r  cor re la t ion  b e t w e e n  t h e  dose 
a d m i n i s t e r e d  ora l ly  and  t h e  a m o u n t  of t he  d rug  absorbed .  
For  t h i s  purpose ,  i nves t iga t ions  were u n d e r t a k e n  on  con- 
scions guinea-pigs .  

Materials and methods. T h e  t e s t s  ca r r i ed  o u t  to  check  
t he  p u r i t y  of 3 t I -ouaba in  ~, t he  s t a b i l i t y  of r a d i o a c t i v i t y  
in  c o n t a c t  w i t h  biological  f luids a n d  t i ssue  homogena tes ,  
a n d  t he  s t a n d a r d i z a t i o n  of t he  a n a l y t i c a l  m e t h o d  used 
for 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  o5 t h e  d rug  are  descr ibed  
in de ta i l  in  o the r  paper s  ~,s. Tes ts  were p e r f o r m e d  on 63 
conscious  guinea-pigs  w h i c h  h a d  fas ted  for 24 h. The  
a n i m a l s  were d iv ided  in to  3 g roups  and  t r e a t e d  ora l ly  
w i t h  o u a b a i n  a t  doses of 250, 500 a n d  1000 ~g/kg. 21 of 
t h e m  were ki l led a f te r  1 h,  21 a f t e r  5 h a n d  21 a f te r  15 h, 
p r o v i d i n g  a t o t a l  ol  9 groups  of 7 guinea-pigs  each.  The  
glycoside so lu t ion  u t i l ized  h a d  a n  o u a b a i n  c o n c e n t r a t i o n  
of 50 ~g /ml  a n d  a labe l led  p r o d u c t  a c t i v i t y  of 2.84 • 10 ~ 
d p m / m l .  O u a b a i n  r a d i o a c t i v i t y  was  m e a s u r e d  in t h e  
hea r t ,  l iver,  k idneys ,  muscle,  carcass,  i n t e s t ine  and  
s tomach ,  i n t e s t ine  con ten t s ,  spleen,  bile,  b lood  a n d  urine.  
Sma l l  po r t i ons  of each  o rgan  were  d issolved in  P a c k a r d  
Soluene  TM 100. T he  so lu t ion  t h u s  o b t a i n e d  was added  
to  t h e  sc in t i l l a t ing  so lu t ion  a n d  coun t ed  in  a P a c k a r d  
T y p e  3320 L iqu id  Sc in t i l l a t ion  S p e c t r o m e t e r  for 50 rain.  

I n  o rder  to  ca lcu la te  t h e  p e r c e n t a g e  r a t e  of 3H-ouaba in  
i n t e s t i n a l  absorp t ion ,  al l  t h e  ac t iv i t i es  found  in  all  o rgans  
a n d  biological  f luids e x a m i n e d  were added  toge ther ,  excep t  
t he  i n t e s t i ne  con ten t s .  T he  a b s o r p t i o n  p e r c e n t a g e  r a t e  was  
ca lcu la ted  f rom th e  s um  t h u s  o b t a i n e d  and  t he  t o t a l  
a c t i v i t y  a d m i n i s t e r e d  orally.  Fo r  t h i s  ca lcula t ion ,  t h e  b lood  
mass  a n d  t h e  m u s c u l a r  mass  of t he  guinea-pigs  were  
a s s u m e d  to  a m o u n t  to  10% a n d  40% of b o d y  we igh t  
respec t ive ly .  The  carcass  we igh t  was  ca lcu la ted  f rom 
the  di f ference b e t w e e n  t he  t o t a l  we igh t  of t h e  gu inea-p ig  
a n d  t h e  s u m  of weigh ts  of al l  tt~e o rgans  a n d  biological  
f lu ids  examined .  

Results and discussion. 3t-I-ouabain i n t e s t i n a l  a b s o r p t i o n  
in gu inea-p igs  (Table) a m o u n t e d  to  a r o u n d  3.6%, 6 - 7 %  

a n d  9.5% af te r  1, 5 and  15 h respect ively .  I n  prac t ice ,  
these  va lues  were c o n s t a n t  a t  each  of t h e  doses admin i s -  
tered,  a m o u n t i n g  to  250, 500 and  1000 ~zg/kg respect ively .  
This  a l lowed t h e  l inear  equa t ions  wh ich  re la te  t h e  dose 
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Linear correlation between ~H-ouabain orally administered a n d  
3H-ouabain absorbed by the gastro-intestinal tract in guinea-pigs. 
The straight-line equations are calculated by the straight-line 
regression method. They are respectively: 
After 1 h: 3H-ouabain absorbed (dpm/kg) = - -  40,494 + 0.0373 • 
SH-ouabain administered (dpm/kg) r = 1.000. 
After 5 h: 3H-ouabain absorbed (dpm/kg) = 226,000 + 0.0574 x 
aH-ouahain admilfistered (dpm/kg) r = 0.9980. 
After 15 h: aH-ouabain absorbed (dpm/kg) = 27,000 + 0.0937 • 
3H-ouabain administered (dpm/kg) r = 1.0000. 


