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Results. N A D P H - D C P I P  r e d u c t a s e  : 3 d i f fe ren t  exper i -  
m e n t s  i n v o l v i n g  g o n a d o t r o p h i n  t r e a t m e n t  were  per -  
fo rmed  on  p r e p u b e r a l  ra t s ,  a n d  t h e  r e su l t s  a re  expressed  
in T a b l e  I .  I n  T a b l e  I I ,  t h e  r e su l t s  o b t a i n e d  w i t h  t h e  
a d u l t  a n i m a l s  are  l is ted,  

These  r e su l t s  show t h a t  t h e  a c t i v i t y  of  t h e  so-cal led  
N A D P H '  d i a p h o r a s e  of t h e  p o s t m i t o c h o n d r i a l  f r a c t i o n  

of r a t  tes t i s  c a n  be  modi f ied  b y  in v i v o  a d m i n i s t r a t i o n  of 
chor ionic  g o n a d o t r o p h i n .  D i c h l o r o p h e n o l i n d o p h e n o l ,  t h e  
accep to r  used  in  t h i s  s tudy ,  c an  be  r educed  b y  t h e  N A D P H  
d iaphora se  as b y  t he  N A D P H  c y t o c h r o m e  C r e d u c t a s e  s. 
B o t h  e n z y m e s  are f l avopro te ins ,  a n d  b o t h  are  loca ted  in  
microsomes.  As we h a v e  n o t  pur i f i ed  our  sYstem, we 
m u s t  say  t h a t  we h a v e  a N A D P H - D C P I P  o x i d o r e d u c t a s e  
s y s t e m  w h i c h  is u n d e r  h o r m o n a l  con t ro l  local ized in  t he  
p o s t m i t o c h o n d r i a l  f rac t ion ,  The  subce l lu la r  loca l iza t ion  
of th i s  s y s t e m  rende r s  a r e l a t i o n s h i p  b e t w e e n  i t  a n d  t he  
m i t o c h o n d r i a l  e l ec t ron  t r a n s p o r t  s y s t e m  unl ike ly .  I t  is 
k n o w n  t h a t  a n d r o g e n - h y d r o x y l a t i n g  e n z y m e s  are  loca ted  
in  mic rosomes  in  r a t  t e s t i s  I; t he r e fo re  we m a y  p r e s u m e  
t h a t  t h e  inc reased  a c t i v i t y  o b s e r v e d  is r e l a t e d  to  a n d r o g e n  
syn thes i s .  A f i a v o p r o t e i n  c o m p o n e n t  w i t h  t h e  p r o p e r t y  of 
r educ ing  D C P I P  h a s  b e e n  desc r ibed  in  t h e  e l ec t ron  t r a n s -  
po r t  s y s t e m  of a d r e n a l  mic rosomes  b y  OMURA e t  al. e. 
This  e lec t ron  t r a n s p o r t  s y s t e m  ac t s  on  t h e  h y d r o x y l a t i o n  
of s t e ro ids  in  t h e  adrena l ,  Such  a s y s t e m  has  no t  b e e n  
descr ibed  in tes t is ,  b u t  we c a n  p r e s u m e  t h a t  t h e  a c t i v i t y  
we are  concerned w i t h  is r e l a t ed  to  it.  

H i s t o c h e m i c a l  o b s e r v a t i o n s  ~ a re  aga in s t  t he  poss ib i l i ty  
of t h e  a c t i v a t i o n  of t h e  d i a p h o r a s e  s y s t e m  b y  chor ion ic  
g o n a d o t r o p h i n  in r a t  tes t is ,  b u t  q u a l i t a t i v e  o b s e r v a t i o n s  
pe r  se c a n n o t  give a m e a s u r e  of a c t i v i t y  8. 

Resumen. La a c t i v i d a d  de u n  s i s t ema  e n z i m a t i c o  que  
o x i d a  el N A D P H  n s a n d o  D C P I P  c o m e  acep to r ,  e n  h o m o -  
genados  t e  s t i cu l a re s  de  r a t a s  p r e p u b e r a l e s  y a d u l t a s  
t r a t a d a s  con  g o n a d o t r o f i n a  cor ion ica  h a  s ide  e s tud i ado .  
Los  c a m b i o s  e n c o n t r a d o s  se dis c u t e n  en  re lac i6n  con  la  
s in tes is  de  androgenos .  
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Renal and Pressor Actions of Angiotensin i n  S a l t  

L o a d e d  a n d  D e p l e t e d  R a b b i t s  

A n g i o t e n s i n  is so n a m e d  because  i t  ra ises  a r t e r i a l  
p ressure  a n d  i ts  m e t h o d  of biological  a s say  d e p e n d s  u p o n  
th i s  ac t ion .  I n  a d d i t i o n  i t  h a s  a m a r k e d  effect  on  r ena l  
sod ium exc re t i on  a n d  m a y  be  i m p o r t a n t  in t h e  con t ro l  of 
sod ium homeos tas i s .  T he  ef fec t  of in fused  a n g i o t e n s i n  on  
rena l  sod ium exc re t i on  is complex .  T h u s  i t  m a y  e i t h e r  
increase  or d i m i n i s h  s o d i u m  exc re t i on  d e p e n d i n g  on  t h e  
a m o u n t  in fused  1-3. Moreover ,  doses of a n g i o t e n s i n  wh ich  
are a n t i n a t r i u r e t i c  w h e n  infused  in to  n o r m o t e n s i v e  
sub j ec t s  on  a n o r m a l  sod ium i n t a k e  m a y  be  n a t r i u r e t i c  
w h e n  g iven  to  sa l t  dep l e t ed  s u b j e c t s  4 or  to  p a t i e n t s  w i t h  
c i r rhosis  a n d  asc i tes  s. I n  o rde r  to  c la r i fy  i t s  role in  s o d i u m  
homeos t a s i s  we h a v e  in fused  a n g i o t e n s i n  in g r a d e d  doses  
b e t w e e n  0.00005 a n d  0.5 # g / k g / m i n  i n to  consc ious  
t r a i n e d  r a b b i t s  a n d  d e t e r m i n e d  t h e  r e l a t i ve  s e n s i t i v i t y  of 
i ts  p ressor  a n d  r ena l  ac t ions  a n d  t h e  dose r a n g e  ove r  
wh ich  i t s  n a t r i u r e t i c  a n d  a n t i n a t r i u r e t i c  effects  occur.  I n  
addi t ion ,  we h a v e  infused  i t  i n to  t h e  s ame  a n i m a l s  w h e n  
sa l t  l oaded  a n d  dep le ted  to  see t he  ef fec t  of changes  in 
sod ium s t a t u s  on  t h e  r ena l  r e sponse  to  a d m i n i s t e r e d  
ho rmone .  

The  e x p e r i m e n t s  were p e r f o r m e d  on 6 r a b b i t s  we igh ing  
b e t w e e n  2 a n d  2.5 kg, t h a t  h a d  ch ron ica l ly  i m p l a n t e d  
b ladder ,  v e n o u s  a n d  a r t e r i a l  ca the t e r s .  Ove r  a pe r iod  of 
3-5  d a y s  t he  a n i m a l s  were e i t he r  s a l t  loaded  b y  in fus ing  
6 m E q  s o d i u m  a d a y  as 1/4 s t r e n g t h  H a r t m a n n ' s  so lut ion,  
or  dep le t ed  of 6 -10  m E q  of s o d i u m  b y  m e a n s  of t h e  
d iu re t i c  f ru semide  a n d  a sa l t  free die t .  Some  a n i m a l s  
were  in i t i a l ly  sa l t  l oaded  a n d  o t h e r s  dep le ted .  D u r i n g  t he  
e x p e r i m e n t  e i t h e r  1/~ s t r e n g t h  H a r t m a n n ' s  so lu t ion  in  t h e  

case  of sa l t  l oaded  an imals ,  or  2 .5% dex t ro se  in dep l e t ed  
ones  was  de l ive red  a t  0.75 m l / m i n  b y  a c o n s t a n t  in fus ion  
p u m p .  W h e n  u r ine  f low a n d  s o d i u m  e x c r e t i o n  were  con-  
s t a n t ,  s y n t h e t i c  a n g i o t e n s i n  I I  (CIBA) was a d m i n i s t e r e d ,  
d isso lved  in t h e  a p p r o p r i a t e  in fusa te .  

I n fu s ion  of a n g i o t e n s i n  in sma l l  doses b e t w e e n  0.005 
a n d  0.00005 /~g/kg/min in to  sa l t  l oaded  a n i m a l s  for  
per iods  r a n g i n g  f rom 10-90 m i n  c o n s i s t e n t l y  r educed  u r ine  
f low a n d  s o d i u m  exc re t ion  for  t h e  d u r a t i o n  of t he  infus ion.  
I n  c o n t r a s t  w h e n  g iven  to  sa l t  dep le t ed  r a b b i t s  in  doses  
of 0 .0005-0.00005 # g / k g / m i n  a n g i o t e n s i n  h a d  no  effect  
on  ur ine  flow or sod ium excre t ion ,  whi le  doses of 0.005 
/~g/kg/min caused  on ly  a n  i n c o n s t a n t  sma l l  r e d u c t i o n  in 
these  p a r a m e t e r s .  T a b l e  I c o m p a r e s  t h e  effects  of iden t i ca l  
10 ra in  in fus ions  of ang io t cns in  in  6 r a b b i t s  w h e n  s a l t  
l oaded  a n d  dep le ted .  I t  c an  b e  seen t h a t  s o d i u m  dep l e t i on  
g r ea t l y  depresses  b o t h  t h e  a n t i d i u r e t i c  a n d  a n t i n a t r i u r e t i c  
r e sponse  to  sma l l  doses  of ang io tens in .  

L a r g e r  doses  of a n g i o t e n s i n  caused  a m a r k e d  in i t i a l  
r e d u c t i o n  in  u r ine  flow a n d  s o d i u m  e x c r e t i o n  in sa l t  
loaded  an imal s .  Af te r  a n  i n t e r v a l  of 20 m i n  however ,  
p a r t i c u l a r l y  w i t h  v e r y  large  doses, u r ine  f lnw a n d  especi-  
a l ly  s o d i u m  exc re t ion  were  increased .  I n  3 an ima l s  t he  
effects  of doses  of 0.05 # g / k g / m i n  a n d  a b o v e  were  corn- 
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p a r e d  d u r i n g  iden t i ca l  30 ra in  i n f u s i o n s  in t h e  sa l t  l oaded  
a n d  dep l e t ed  s t a t e  (Tab le  I I ) .  L a r g e  dose s  c a u s e d  a less 
m a r k e d  in i t ia l  fall  a n d  a m o r e  m a r k e d  s e c o n d a r y  r ise in 
u r ine  f low a n d  s o d i u m  exc re t i on ,  w h e n  t h e  a n i m a l s  were  
sa l t  dep le ted .  S o m e  doses  w h i c h  w e r e  st i l l  a n t i n a t r i u r e t i c  
d u r i n g  t h e  f inal  10 ra in  of  i n f u s i o n  in t h e  sa l t  l oaded  s t a t e  
w e r e  m a r k e d l y  n a t r i u r e t i c  w h e n  t h e  a n i m a l  w a s  s a l t  de-  
p le t ed .  M e a n  s o d i u m  e x c r e t i o n  o v e r  t h e  30 m i n  of  angio-  
t e n s i n  i n fu s ion  w a s  in all cases  r e d u c e d  be low c o n t r o l  
levels  w h e n  t h e  a n i m a l s  w e r e  sa l t  loaded ,  b u t  rose  a b o v e  
c o n t r o l  w h e n  sa l t  dep le t ed .  T h u s  s o d i u m  d e p l e t i o n  a p -  
p e a r e d  to  l o w e r  t h e  t h r e s h o l d  to  t h e  n a t r i u r e t i c  ef fec t  of  
la rge  doses  of a n g i o t e n s i n .  

T h e  ef fec t  of  c h a n g e s  in  sa l t  s t a t u s  on  t h e  r e n a l  
r e s p o n s e  to  a n g i o t e n s i n  in t h e  s a m e  a n i m a l  is i l l u s t r a t e d  
in  F i g u r e  1. L o w  doses  w h i c h  w e r e  a n t i n a t r i u r e t i c  w h e n  
t h e  a n i m a l  w a s  sa l t  l oaded  w e r e  w i t h o u t  ef fec t  in  t h e  
d e p l e t e d  s t a t e  a n d  a l a rge  dose  of 0.5 /~g /kg /min  w h i c h  
w a s  a n t i n a t r i u r e t i c  in t h e  s a l t  l oaded  a n i m a l  w a s  n a t r i -  
u r e t i c  in t h e  dep l e t ed  s t a te .  

Table I. Effects of small doses of angiotcnsin in the same animals 
when salt loaded and depleted 

Angiotensin No. of Urine flow % of Urine sodium 
/~g/kg]min animals control excretion % of 

control 

Salt Salt Salt Salt 
loaded depleted loaded depleted 

0.00005 6 70.1 96.6 62.7 103.6 
(37-85) (86-116) (40-87) (80-133) 

0.0005 5 41.2 98 45.4 98.2 
(25-73) (65-128) (25-69) (74-131) 

0.005 5 27.1 80.3 27.6 87.8 
(16-40) (40-91) (14-41) (50-119) 

Mean values are given with the ranges in brackets. 
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Fig. 1. The effect of angiotensin (black areas) in doses of 0.00005-0.005 
/~g/kg/min for 10 min and 0.5 /~g/kg/min for 30 min on sodium 

excretion in the same animal when sodium loaded and depleted. 
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Fig. 2. The log dose response of sodium excretion . . . .  and arterial 
presure . . . .  to infusion of angiotensin in sodium loaded animals, 

Mean values are given with the standard error of the means. 

Table II. Urine flow and sodium excretion during infusion of large doses of angiotensin in the same animals when salt loaded (L) and depleted 
(D) in order of study 

Animal Angiotensin Sodium Urine flow ml]min Sodium excretion #Eq/min Change in 
Fg/kg/min status sodium 

C A a A s A a C A 1 A 2 A 3 excretion 
/~Eq/rnin 

G. 0,025 L 0.79 4--. 0.04 ~ 46.9 a--- 2,5 ~ -- 44.4 
0,025 D 1.52 0.56 0.74 0.87 0.46 0.38 0.70 0.46 + 0.05 

0.05 L 0.95 0.47 0.31 0.54 68.4 31.8 25.0 55.2 -- 31.1 
0.05 D 0.99 0.31 0.22 0.76 0.26 0.20 0.25 2.86 + 0.84 

0.5 L 1.29 0.10 0.46 1.35 91.3 9.5 59.5 154.2 -- 16.9 
0.5 D 1.17 0.11 0.40 0.98 0.16 0.02 7.91 33.5 + 13.65 

C. 0.125 D 0.72 0.27 0.13 1.5 0,76 0.17 0.12 50.0 + 16.0 
0.5 D 0.73 0.20 0.15 2.20 0.49 0.12 3.1 179.5 + 60.41 
0.5 L 0.87 0.12 0 0.14 56.8 6.9 0 8.45 -- 51.69 

D. 0.5 D 0.88 0.65 0.30 1.35 0.33 0.43 1,21 15.27 + 5.3 
0.5 L 1.37 0,03 0.515 1.53 81.1 0 48,1 158,8 -- 12.14 

C = mean of 2 control periods, a Change from control in urinary sodium excretion over 30 minutes of angiotensin infusion. Az~ 3 = Three 
10 minute periods of angiotensin infusion. 
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In salt loaded animals, antinatriuretic doses of 0.00005 
and 0.0005 /~g/kg/min had no effect on mean arterial 
pressure and doses of 0.005 /~g/kg/min caused slight in- 
creases of 3% and 6% in only 2 out  of 5 animals. The log 
dose response of arterial pressure and sodium excretion 
in salt loaded animals is compared in Figure 2, I t  will be 
seen tha t  the threshold of the antinatriuretic effect of 
angiotensin is less than 1% of the lowest pressor dose. 

The influence of sodium status on the renal response to 
infused angiotensin may well be mediated by the rate of 
endogenous production of the hormone. In salt depletion 
the local renal concentration of angiotensin may be at 
optimal antinatriuretic levels ; infusion of additional angio- 
tensin would then be either without  effect, or by summa- 
tion cause the natriuresis seen with large pressor doses. 
Most studies of the renal action of angiotensin have used 
such large doses and the physiological relevance of the 
resulting natriuresis :nay be questioned. Much smaller 
doses, less than 1% of tha t  required to raise arterial 
pressure, are shown here to reduce sodium excretion in the 
salt loaded animal. I t  is likely tha t  angiotensin acts nor- 
really as a sodium retaining hormone, an action mediated 
by small amounts which have no direct pressor action. 

]?dsumd. Chez les lapins auxquels on a administr6 du 
sel, l 'angiotensine en doses de 0.005-0.00005 /zg/kg]min a 
r6duit l 'excr6tion urinaire de sodium A une quanti t6 
correspondant au togarithme de la dose, tandis que des 
doses inf6rieures A 0.005 /zg/kg/min n 'ont  eu aucun effet 
sur Ia tension art6rielle. Chez les m~mes Iapins lors d 'une  
d6pl6tion de sel, de telles doses n 'ont  eu aucun effet sur 
t 'excr6tion de sodium. Des doses fortes ( > 0.05 #g/kg/min) 
qui 61evaient toujours la pression sanguine, provoqugrent  
souvent une augmentation lente de l 'excr6tion de sodium, 
beaucoup plus marqu6e quand l 'animal 6tait exempt  de 
sel que lors qu' i l  en 6fair pourvu. On sugg~re que l 'angio- 
tensine agit normalement  conlme une hormone qui 
ret ient  le sodium, action produite par de petites quantit6s 
sans effet sur la tension art6rielle, 
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The Participation of Kinins in the Pathogenesis  
of  Early Disturbances  in the Skin Capillary 

Permeabil i ty  in Local f l -Ray Irradiation 

JOLLES and HARRISON l#t showed that ,  in rabbits pre- 
treated with soya bean trypsin inhibitor or e-amino- 
caproic acid (EAC), the early increase of capillary 
permeabili ty of skin locally irradiated by X-rays was 
abolished. Antihistamines and antiserotonin proved to 
have no effect on the degree of leakage of the dye. The 
results indicated the participation of protease system 
liberating substances active on capillary endothelium in 
early phase of X-ray inflammation and did not prove 
that  histamine and serotonin are involved. 

The experiments to be reported here were designed to 
investigate this problem further. Albino and pigmented 
rabbits of either sex weighing 2.5-4.0 kg were used in all 
experiments. Inf lammation was evoked by fi-ray 
(Srg°-Y 9°) irradiation of 3 areas (diameter, 1 cm) of shaved 
abdominal skin in doses 1660, 4750 and 9500 rad (270 
rad/min). The increase in blood vessel permeabili ty was 
controlled with Evans blue (20 mg/kg) and Na-fluo- 
rescein 3 (5 mg/kg) given i.v. Evans blue was administered 
immediately after the irradiation for the revelation of 
early changes of capillary permeability. Na~fluorescein 
was used for the evaluation of capillary permeabili ty in 
various terms following the irradiation. The diffuse blue- 
ing of the skin resulting from the Evans blue administra- 
tion did not  prevent  the visualization of the injured skin 
fluorescence by 360 nm. 

Antihistamines. Dimedrol (Benadryl) and Dimebolin 
hydroehloride (the derivative of gammaearbolin series) 
were administered i.m. (10 mg/kg) 30 rain before the 
irradiation. EAC was given i.v. (200 mg/kg) and Trasylol 
(Bayer, Leverkusen) i.p. (2000 KIE/kg)  1 h before the 
irradiation, 

The results were evaluated according to the method of 
LITCHFIELD and WILCOXON modified by :RoTH 4 

The most pronounced inhibitory action was obtained 
with Trasylol and the least with Dimebolin. The results 
proved the significant role played by kinins in the 
development of early manifestations of the radiation- 
induced inflammation, in the pathogenesis of the derange- 
ment  of the skin vessel permeability, in particular. This 
can be concluded from the protective action of Trasylol 
and EAC. Trasylol (proteolytic inhibitor obtained from 
parathyroid glands) inactivates kallikrein and hence in- 
hibits formation of the kinins 5. EAC, as an antifibrino- 

Effect of antiproteolytic and antihistaminic preparations on the 
development of capillary permeability disturbances caused by fl-ray 

irradiation of rabbits' skin 

Preparation 1660 Doses (rad) 9500 
4750 

None '~/. ~]s :Is 
Dimedrol 1/s 21 s 4/s 
Dimebolin ~[s ~18 ~[s 
EAC 1]s :Is ~]8 
Trasylol °Is l [s :l [s 

The numerator: number of rabbits with increased skin vessel 
permeability, the denominator: total number of rabbits in group. 
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