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I n  p rev ious  s tud ies  ang io t ens in  has  been  infused in 
acu te  e x p e r i m e n t s  w i t h o u t  p r io r  sod ium load ing  in to  
e i the r  un t r a ined2 ,  4 or a n a e s t h e t i z e d  r a t s  1,3, cond i t ions  
u n d e r  wh ich  we h a v e  also fai led to  el ici t  a n  a n t i n a t r i u r e t i c  
effect.  I n  h a b i t u a t e d  chron icMly  s o d i u m - l o a d e d  ra ts ,  on  
t he  o t h e r  h a n d ,  a c o n s i s t e n t  a n t i n a t r i u r e t i c  effect  is 
read i ly  d e m o n s t r a t e d ,  b u t  on ly  w i t h  smal l  doses (0.005 
# g / k g / m i n  and  below).  Large  doses (0.05 ~ g / k g / m i n  a n d  
above)  increase  s o d i u m  excre t ion .  Thus ,  in  t he  r a t  angio-  
t ens in  ha s  the  d o s e - d e p e n d e n t  oppos i te  effects  on  sod ium 
excre t ion  obse rved  in dog  5, r a b b i t  ~, a n d  m a u l  The  
phys io logica l  role of ang i o t ens i n  in t he  ra t ,  as in these  
o the r  species, is more  l ikely to  r e semble  t he  effect  of smal l  
r a t h e r  t h a n  large  doses  a n d  to  be  t h a t  of a sod ium-  
r e t a i n i n g  h o r m o n e .  

The  inf luence  of the  e x p e r i m e n t a l  cond i t ions  on  the  
r ena l  response  to in fused  a n g i o t e n s i n  m a y  be m e d i a t e d  b y  
t h e i r  effect  on  local  r ena l  a n g i o t e n s i n  c o n c e n t r a t i o n .  Thus ,  
w i t h  s o d i u m  dep le t ion ,  e n d o g e n o u s  a n g i o t e n s i n  p r oduc -  
t i on  is increased  a n d  m a y  tead to a local rena l  c o n c e n t r a -  
t ion  of the  h o r m o n e  wh ich  exer t s  i ts  m a x i m a l  an t i -  
n a t r i u r e t i c  effect. I n fus ion  of a d d i t i o n a l  h o r m o n e  will 
t h e n  e i t he r  h a v e  no  effect  or, b y  s u m m a t i n g  w i t h  endoge-  
nous  h o r m o n e ,  lead to excess ively  h i g h  levels wh ich  in-  
crease sod ium excre t ion .  S imi lar ly ,  in acu t e  e x p e r i m e n t s  
i nvo lv ing  t r a u m a t i c  p rocedures  on  u n t r a i n e d  an imals ,  
g r ea t e r  a c t i v i t y  of t he  s y m p a t h e t i c  n e r v o u s  s y s t e m  m a y  
increase  e n d o g e n o u s  ang i o t ens i n  p r o d u c t i o n  ~, so t h a t  in- 
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Fig. 2. The effect (A) of sodium loading; (B) sodimn depletion; and 
(C} sodium repletion on the response of urinary sodium excretion to 

the same doses of augiotensim 

Mean urinary sodium excretion during angiotensin infusion is ex- 
pressed as a % of the mean of the control periods immediately before 
and after its infusion. 1"he average of all experiments is shown. 

fus ion of exogenous  h o r m o n e  can  on ly  elici t  a natriuretiC 
response.  

The  oppos i te  effect  t h a t  ang io t ens in  ha s  on  sodium 
excre t ion  f rom t h e  2 k i d n e y s  in r a t s  w i t h  un i l a t e ra l  redS! 
i schaemia ,  f u r t h e r  sugges ts  t h a t  t h e  c o n c e n t r a t i o n  ot 
e n d o g e n o u s  ang io t ens in  in t he  k i d n e y  m a y  be  crucial in 
d e t e r m i n i n g  t he  rena l  response  to infused ho rmone .  ThuS, 
ang io t ens in  reduces  s o d i u m  exc re t i on  f rom t h e  unclaraP ed 
k idney ,  which  ha s  a s u b n o r m a l  r en in  c o n t e n t ,  bu t  in" 
creases  i t  f rom the  c l a m p e d  k idney ,  w i t h  a ra i sed  re nin 
contenta.o.  

These  resu l t s  i nd i ca t e  t he  i m p o r t a n c e  of t he  experi" 
m e n t a l  c o n d i t i o n s  in assess ing t h e  effect  of angiotensin 
on  r ena l  f unc t i on  a n d  h a v e  o t h e r  i m p o r t a n t  implicationS." 
Thus ,  m i c r o p u n c t u r e  s tud ies  of s o d i u m  t r a n s p o r t  and 
g l o m e r u l o - t u b u l a r  ba l ance  shou ld  be i n t e r p r e t e d  in the 
u n d e r s t a n d i n g  t h a t  in  such  acu te  e x o e r i m e n t s  on  an  aes7 
t h e t i z e d  a n i m a l s  t he  ren in-ang io tens~n  s y s t e m  m a y  well 
be  o p e r a t i n g  ak m a x i m a l  ac t i v i t y ,  since, a t  l eas t  in the 

r a t  u n d e r  these  cond i t ions ,  infused ang io t ens in  is l~" 
capab le  of exe r t i ng  a n y  f u r t h e r  a n t i n a t r i u r e t i c  effect. 
Th i s  p o i n t  is especia l ly  i m p o r t a n t  in  view of the  likelihood 
t h a t  ang io t ens in  p lays  a crucia l  role in  t he  con t ro l  of gl0" 
m e r u l a r  a n d  t u b u l a r  func t ion .  

Rdsumd. Les cond i t ions  exp6 r imen ta l e s  d 6 t e r m i n e n t  la 
r6ponse  r6nale  5. l ' ang io t ens ine  chez le ra t .  Ant6rieure" 
m e n t ,  on  a s e u l e m e n t  d e m o n t r 6  une  r6ponse  na t r iu r&ique  

c e t t e  ho rmone .  Cependan t ,  chez  les r a t s  charg6s  chrO" 
n i q u e m e n t  de sodium,  on  a d e m o n t r 6  que  l ' angiotensine  
en doses de 0,00005-0,005 p g / k g / m i n  es t  t o u j o u r s  anW 
na t r i u r6 t i que .  Aprbs  une  op6 ra t i on  r6cente ,  ou soUS 
anes th6s ie  ou en  pr6sence d ' u n e  d6pl6 t ion  de sodit~ro, 
i ' ang io t ens ine  ~ ces doses, ehez  Ies m6mes  a n i m a u x ,  est 
soit  sans  effet  ou mbme  n a t r i u r & i q u e .  
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T h e  P r o t e c t i v e  Effect  of  S m a l l  A m o u n t s  of  
S e l e n i t e  in S u b l i m a t e  I n t o x i c a t i o n  

T h e  nec ro t i z ing  effect  of p a r e n t e r a l  i n j ec t i on  of smal l  
doses of c a d m i u m  ca t ions  on  t he  tes t i s  t4 c an  be  p r e v e n t e d  
b y  s i m u l t a n e o u s  in j ec t ion  of a smal l  dose of se l en ium 
saltsa'4; in  our  l a b o r a t o r y  we were able  to  show a s imi la r  
p r o t e c t i v e  effect  of sa l ts  of se l en ium 5'~ aga i n s t  t he  toxic  
effects  of c a d m i u m  in o t h e r  r e p r o d u c t i v e  organs ,  i.e. in 
t h e  n o n - o v u l a t i n g  ovar ies  of r a t s  in p e r m a n e n t  oes t rus  5a 
and  in t he  p l a c e n t a e  ~'9. I n  o rder  to  u n d e r s t a n d  t he  
m e c h a n i s m  of th i s  p r o t e c t i v e  effect  of se leni te  a n d  t he  

n a t u r e  of i n t e r a c t i o n  b e t w e e n  c a d m i u m  a n d  selenium 
c o m p o u n d s ,  i t  was necessa ry  to  show how far  t he  proteC" 
f ive  effect  of se leni te  is specific for t h e  effect  of cadmiUr~ 
a n d  i t s  effect  in  r e p r o d u c t i v e  o rgans  only ,  or  hoW far 
s e l en ium c o m p o u n d s  can  ac t  as a h i g h l y  eff ic ient  proteC" 
t i r e  a g e n t  in  i n t o x i c a t i o n  b y  toxic  m e t a l s  in general .  

To t e s t  th i s  possibi l i ty ,  we decided f i rs t  to  s t u d y  ti~e 
effect  of s i m u l t a n e o u s  in jec t ion  of se leni te  on  the  de" 
v e l o p m e n t  of rena l  necrosis  p r o d u c e d  b y  s u b l i m a t e  ir~" 
tox ica t ion .  Male (50 ra ts )  a n d  female  (24 ra ts)  a d u l t  white 
r a t s  (Wis t a r  s u b s t r a i n  KonArovice) ,  k e p t  on a s t andard  
l a b o r a t o r y  d ie t  a n d  in s t a n d a r d  l a b o r a t o r y  conditioNS' 
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iiu ere in jec ted  w i t h  0.02~6 r so lu t ion  of mercu r i c  ch lor ide  
blimate) in a dose of 0.02 m m o l e / k g  b o d y  weight ,  t-Ialf 

. these (37 ra ts)  rece ived  in a d d i t i o n  to s u b l i m a t e  a n  
alectlon of 0 .02M so lu t ion  of s o d i u m  seleni te  in  a dose 

of 0.03 mmole /kg  b o d y  we igh t ;  t h e  second  hal f  se rved  as 
a control  g roup  rece iv ing  mercu r i c  ch lor ide  w i t h o u t  a n y  
additional t r e a t m e n t  (20 ra ts )  or  t o g e t h e r  w i t h  s o d i u m  
SUlphite (homologous  to se leni te  : 0 . 0 2 M  so lu t ion  in a dose 
of 0.03 m m o l e / k g  b o d y  we igh t ;  17 rats) .  The  so lu t ions  
USed were i so tonized  w i t h  s o d i u m  chlor ide  and  in j ec t ed  
s.c. In all e x p e r i m e n t s ,  t he  so lu t ions  used were i n j ec t ed  
into di f ferent  reg ions  s i m u l t a n e o u s l y  so t h a t  d i r ec t  con-  
tact  of so lu t ions  i n j ec t ed  was  avo ided .  T h e  r a t s  were  
killed 24 h a n d  5 days  a f t e r  in j ec t ion  a n d  t he  r ena l  
Changes were s t ud i ed  m o r p h o l o g i c a l l y .  I n  all  con t ro l  r a t s  
tnercuric chlor ide  p roduced  typ ica l  mac roscop ica l ly  
eaSily de t ec t ab le  c h a n g e s ;  h is to logica l  e x a m i n a t i o n  (for- 
mol, h a e m a t o x y l i n e  eosine s t a in ing)  r evea l ed  r e n a l  nec-  
~ll sis typical  for  i n t o x i c a t i o n  w i t h  s u b l i m a t e  in  all  cases. I n  

ra ts  rece iv ing  mercu r i c  ch lor ide  w i t h  s o d i u m  selenite,  
no macroscopic changes  were p r e s en t  in t he  k idneys  ; h i s to-  
logically no necro t ic  changes  on t he  r ena l  t ubu l e s  were 
detectable.  I n  c o n t r a s t  to  seleni te ,  s o d i u m  su lph i t e  h a d  
no p ro tec t ive  effect.  I n  a d d i t i o n  to  r ena l  necrosis  in all 
~aets receiving s u b l i m a t e ,  t yp i ca l  i n t e s t i n a l  necros is  was  

tected. I n  c o n t r a s t  to  this ,  no  macroscop ica l ly  d e t e c t a -  
ble changes were o b s e r v e d  in r a t s  t r e a t e d  w i t h  s u b l i m a t e  
together w i t h  seleni te .  

In the  second series of e x p e r i m e n t s ,  t he  effect  of se leni te  
injection on  t h e  m o r t a l i t y  of r a t s  i n t o x i c a t e d  w i t h  subl i -  
mate was t es ted .  I n  t h i s  second series  of e x p e r i m e n t s  90 
adult  male  r a t s  were used. 30 of t h e m  s e r v e d  as con t ro l s  
receiving 0.02 m m o l e  mercu r i c  ch lo r ide /kg  b o d y  we igh t  
Without a n y  a d d i t i o n a l  t r e a t m e n t .  A n o t h e r  20 r a t s  
Served as con t ro l s  i n t o x i c a t e d  w i t h  t he  s ame  dose of mer-  
Curic chloride w h i c h  was fol lowed,  a f t e r  a n  i n t e r v a l  of 1 h, 
hy an  in j ec t ion  of s o d i u m  su lph i t e  (0.03 m m o l e / k g  b o d y  
Weight). 40 r a t s  received,  1 h a f t e r  t h e  in j ec t ion  of t he  
Same dose of sub l ima te ,  s o d i u m  se leni te  (0.03 m m o l e / k g  
body weight) .  All in jec t ions  of s u b l i m a t e  were g iven  s.c. 
~nto the  i n t e r s c a p u l a r  region,  all in jec t ions  of se leni te  a n d  
Ulphite were g iven  s.c. a b o v e  the  tail .  As seen f rom t he  
able, in jec t ion  of se leni te  p r o v e d  to  be  a h i g h l y  p ro tec -  

We agen t  in  s u b l i m a t e  in tox ica t ion ,  even  w h e n  t h e  in-  
Jection of se leni te  was  g iven  I h a f t e r  i n j ec t ion  of subl i -  
mate. All r a t s  i n t o x i c a t e d  w i t h  s u b l i m a t e  h a d  typ ica l  
raacroscopical lesions on  k idneys  a n d  in tes t ines ,  The  on ly  
rat  which d id  n o t  su rv ive  a f t e r  s u b l i m a t e  and  gelenite 
injections h a d  no  morpho log ica l l y  d e t e c t a b l e  r ena l  or  in-  
test inal  changes  t yp i ca l  for  sub l ima te .  

Thus sod ium se leni te  is a h i g h l y  ef fec t ive  a g e n t  pre-  
venting se lec t ive  toxic  effects  of a n o t h e r  b i v a l e n t  ca t ion-  
~e reu ry  in a d d i t i o n  to those  of c a d m i u m .  T he  exper i -  

m ents in progress  are i n t e n d e d  to show h o w  far  the  pro-  
eCtlve effect  of s e l en ium could  be  a resu l t  of some c h a n g e  
in the  d i s t r i b u t i o n  of m e r c u r y  in organs ,  or  in  t h e  chemi -  
Cal form in  w h i c h  m e r c u r y  is p r e s e n t  here,  or  if s e l en ium 
¢°rapounds af fec t  t he  s ens i t i v i t y  of o rgans  to t he  tox ic  
effects of b i v a l e n t  ca t ions  (mercu ry  and  c a d m i u m )  b y  
SOrae o the r  means .  F r o m  th i s  s t a n d p o i n t ,  i t  seems to  be  
of in te res t  t h a t  t he  exc re t i on  of vo la t i l e  s e l en ium com- 
pOUnds b y  exl~ired a i r  is a f fec ted  n o t  on ly  b y  c a d m i u m  xu. 

t b y  mercu r i c  ch lor ide  a p p l i c a t i o n  as well  n .  

tsk t t  Would be  h i g h l y  des i rab le  to  learn,  of course,  w h e t h e r  
ne p ro tec t ive  effect  of se leni te  desc r ibed  could be  of 
0 . . . . . .  

me use m h u m a n  m t o x m a t m n  too. F r o m  t ins  p o i n t  of 

i~ ew, research  conce rned  w i th  t h e  ques t ions  of de layed  
Jection of se leni te  (or o t h e r  s e l en ium c o m p o u n d s )  on  t he  

eVelopment of tox ic  s y m p t o m s ,  a n d  t he  effect  of dif-  

f e r en t  levels  of i n t a k e  of s e l e n i u m  in  food o n  t h e  t ox i c i t y  
of sub l ima te ,  could  be  of some in te res t .  F u r t h e r  r e sea rch  
ha s  to  show how far  t h e  tox ic  effect  of o t h e r  m e t a l s  could  
be p r e v e n t e d  b y  se l en ium c o m p o u n d s  (selenite) in  a 
s imi la r  way.  These  resu l t s  m i g h t  also t h r o w  some  l i gh t  on  
t h e  role of se l en ium as a n  essent iM n u t r i e n t .  

The effect of successive injections of sodium selenite oil the survival 
of rats injected with sublimate 

Group No. Surviving rats 
of of 
rats rats 2nd day 7th day 

No. of % No. of 
rats rats 

% 

Hg 30 30 100 1 3.3 

Hg-S 20 20 100 1 5.0 

14g-Se 40 39 97.5 39 97.5 

Hg = group of rats injected with 0.02 lmnole mercuric chloride/kg 
body weight only; Hg-S = group of rats injected with the same 
dose of mercuric chloride but followed within 1 h by an injection 
of sodium sulphite in a dose of 0.03 mmole/kg body weight; 
Hg-Se = group of rats injected with the same dose of mercuric 
chloride followed within 1 h by an injection of sodium selenite in a 
dose of 0.03 mmoIe]kg body weight. In each group, adult male rats 
were used and injected s.c. Nuinber of rats in each group and number 
of rats surviving on the second and seventh day are given. 

l~'dsumd. L ' i n j e c t i o n  de tr~s pe t i t e s  q u a n t i t 6 s  de s6Mnite 
de sod ium,  admin i s t r 6e s  s i m u l t a n 6 m e n t  ou 1 h apr&s 
l ' i n t o x i c a t i o n  p a r  te sub l im6  corrosif,  en  aba isse  consid6-  
r a b l e m e n t  la tox ic i t6 :  les r a t s  b lancs  in tox iqu6s  p a r  une  
dose l~tale de sub l ime  corrosi f  s u r v i v e n t  sous l ' e f fe t  du  
s616nite d a n s  u n  % i m p o r t a n t  e t  les 16sions t y p i q u e s  des 
re ins  e t  d ' a u t r e s  o rganes  n ' a p p a r a i s s e n t  pas.  
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