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To obtain a more profound understanding of polyamine 
changes, we planted wheat seeds in boxes and grew them 
in the greenhouse. In whole 1-month-old plants without 
roots, before earing, spermine increases, given as y/unit  
of seed, about 8 times and spermidine about  5 times. The 
increase of these polyamines, observed in plants before 
earing, suggest tha t  leaves are one site of biosynthesis. 
Besides, the data show that  the spermine and spermidine 
content is greater in organs of higher biosynthesis of the 
wheat plant. 

The relationship of spermine and spermidine to nucleic 
acid biosynthesis 6, amino acid rate of incorporation ~ and 
1 C unit metabolism *, shows the importance of their  
presence during wheat  plant development. 

Riassunto. Spermina e spermidina sono presenti in tu t te  
le parti  della plants  di frumento eccetto radici ed antere. 
Sono particolarmente abbondanti  negli ovuli dove aumen- 
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tano dopo la fecondazione. I risultati inoltre indicano che 
le foglie sono uno dei principali luoghi di biosintesi di 
queste sostanze. 
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T h e  I n f l u e n c e  of the  E x p e r i m e n t a l  C o n d i t i o n s  
on  the  Rena l  R e s p o n s e  to  A n g i o t e n s i n  in the  Rat  

Although there is increasing evidence that  the renin- 
angiotenstn system is important  in the control of sodium 
metabolism and arterial pressure, its exact role is far 
from clear. Studies on the effect of angiotensin on renal 
function have led to contradictory findings. Thus all pre- 
vious investigators 1-4 have found that  in the rat infusion 
of angtotensin increases urinary sodium excretion, and in 
this species angiotensin is thought to have the role of a 
sodium-excreting hormone. Since the rat  is the common 
model for the study of hypertension as well as for micro- 
puncture studies of sodium transport mechanisms, the 
action of angiotensin in this species is of cr i t ical impor-  
tance. We have found that  the effect of angiotensin on 
urinary sodium excretion in the rat is dependent on the 
experimental conditions. The same dose of angiotensin in 
the same animal is consistently natriuretic under one set 
of circumstances and antinatriuretic under another. This 
observation is of importance for the correct interpretation 
of the role of angiotensin, which in the rat appears to be 
tha t  of a sodium-retaining hormone. 

The experiments were performed on 7 young black- 
hooded rats weighing between 180 and 220 g. Under 
light ether anaesthesia catheters were inserted into a tail 
vein and, through a small suprapubic incision and cysto- 
tomy, into the bladder. The operative preparation took 
approximately 30 rain, and the animals were then allowed 
to recover in special restraining cages. 

The response to angiotensin was determined in the 
same animal at varying times after surgery, with and 
without anaesthesia, and in states of sodium loading and 
depletion. The protocol of each angiotensin infusion was 
identical under these different experimental conditions. 
For 1 h before and throughout each experiment the ani- 
mal was infused continuously by means of a constant 
infusion pump at a rate of 0.37 ml/min. The infusate was 
half-strength Har tmann ' s  solution, giving a sodium infu- 
sion rate of 24 #Eq/min  in all experiments except those 
performed during sodium depletion, when it was 2.5% 
dextrose. Urine was sampled at 10 min intervals and 

sodium concentration estimated by flame photometrY' 
Following 2 stable control periods, angiotensin I I  (Cib.~ 2 
dissolved in one of the above infusates was administered ll~ 
doses of 0.00005-0,005 #g/kg/min for 12-32 rain, the uriI~e 
passed during the initial 2 rain of the angiotensin infusiOn 
being discarded. In the following description, changes in 
urinary sodium excretion during angiotensin infusion less 
than 10% of control are considered insignificant. 

Infusion of angiotensin in doses of 0.00005-0.005 
l~g/kg/min 2-6 h after operation, when the animal was 
fully conscious, had no consistent effect on urinary s o d i ~  
excretion (Table). In separate experiments on 3 anima~ 
in whom anaesthesia after operation was maintained witl~ 
i.v. nembutal  15-25 mg/kg, angiotensin in these dose~ 
never reduced sodium excretion and sometimes increase 
it. 

After the acute post-operative infusion of angiotensin' 
the animal was placed on a high sodium intake by in" 
fusing approximately 0.5 m E q  of sodium daily as quarter" 
strength Har tmann 's  solution and fed standard rat chore. 
In 3 animals the response to angiotensin was studied a{ter 
only i or 2 days of post-operative sodium loading. Inf07 
sion of angiotensin at  this t ime again had no consistent 
effect on sodium excretion. After 3-8 days of chronic 
sodium loading the response to angiotensin was ag Rio 
investigated. Doses of 0.0005-0.005 #g/kg/min now con" 
sistently reduced urinary sodium excretion in all 7 animals, 
and in 5 out of the 7 doses of 0.00005 f,g/kg/min also re~ 
dueed it (Table). Immediately after this study, the anirO~ 
was anaesthetized with i.v. nembutal,  15-25 mg/kg, and tl~e 
angiotensin infusion repeated in identical fashion. Doses 
of angiotensin which had been antinatriuretic in conscio# 
animals immediately before anaesthesia, failed to affec~ 
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Animal Angiotensin Without previous After sodium During After sodium 
dose sodium loading loading and anaesthesia depletion 
~ug/kg/min and 2 h after 3-8 days after % % 

operation operation 
% % 

After 
sodium 
repletion 

% 

0.00005 102 81 84 91 98 
0.0005 101 85 90 114 73 
0.005 86 75 91 117 67 

2 
0.00005 100 82 
0.0005 100 88 
0.005 97 76 

3 
0.00005 103 88 104 97 
0.0005 103 84 90 91 
0.005 94 75 97 148 

¢ 
0.00005 92 93 
0.0005 90 75 66 
0.005 94 62 59 

5 
0.00005 90 77 83 
0.0005 107 85 81 92 
0,005 115 63 105 66 

6 
0.00005 89 95 98 95 
0.0005 102 70 104 108 76 
0.005 78 79 103 91 70 

7 
0.00005 102 73 103 77 
0.0005 101 63 102 76 
0.005 78 61 117 72 

SOdium excretion during the infusion of angiotensin is expressed as a °/o of mean sodium excretion in the control periods immediately 
before and after angiotensin. 

~Odium exc re t ion  in 7 o u t  of 14 e x p e r i m e n t s  u n d e r  anaes -  0oys aftsr 800ium 

u .ollow.~ng~heeSiafT~t,,~, above  s t u d y  t he  a n i m a l s  were dep le t ed  
oOOration s ~ s  

~f.1:3 m E q  of s o d i u m  over  a pe r iod  of 2 days,  b y  t he  ad-  
uunls t ra t ion  of t he  d iu re t i c  f rusemide  (1 mg/kg)  a n d  a 
sMt-free diet .  I n  sod ium - dep l e t ed  an imals ,  a n g i o t e n s i n  in 
doses of 0 .00005-0.0005 t~g/kg/min h a d  no effect  on  so- 10 replotoO 
diunl excre t ion .  Doses of 0 .005 /~g /kg /min  reduced  sod ium ;~ eretion in  1 a n i m a l  b u t  increased  i t  in  3 of 4 o the r s  
t able). F ina l ly ,  t he  a n i m a l  was  r ep le ted  w i t h  s o d i u m  
t~er 2 days  b y  in fus ing  t h e  a m o u n t  of sod ium lost  d u r i n g  
a e  per iod  of deo le t ion .  I n f u s i o n  of ang io t ens in  now 
~gain r educed  u r i n a r y  s o d i u m  exc re t i on  (Table) .  1 a n i m a l  8 flepl~tl]Ci 
Was SUccessfully dep le t ed  a n d  rep le ted  of s o d i u m  on 3 
Ceasions. In  each  i n s t a n c e  a n g i o t e n s i n  in  doses of 0.00005 

• 005 a g / k g / m i n  was e i t h e r  w i t h o u t  ef fec t  or  n a t r i u r e t i c  
- en  t he  a n i m a l  was  s o d i u m  dep le t ed  b u t  a n t i n a t r i u r e t i c  

after sod ium reple t ion .  
i . A  typ ica l  series of e x p e r i m e n t s  in  t he  s a m e  an ima l ,  
~ s t r a t i n g  t h e  in f luence  of d i f f e ren t  e x p e r i m e n t a l  con-  4 l~cleO 

lt~ons on  t h e  r e sponse  of s o d i u m  exc re t ion  to  ang io t en -  
sin, is s h o w n  in  F i g u r e  1. T h e  effect  of ang io t ens ion  o n  
~Ctiura exc re t i on  in al l  e x p e r i m e n t s  is s h o w n  in  t h e  Table ,  
~ad the  in f luence  of sod ium s t a t u s  on  t h e  r ena l  r e sponse  
to ang io tens in  in F igu re  2. 

1 normal 

0-ig. 1. The effect of different experimental conditions on the response 
I~. tlrinary sodium excretion to angiotensin in the same animal. 
f,l~Periment performed (A) 2 h after surgery (B) 4 days after surgery 
~uo W . . . . . de l ng sodmm loading; (C) 8 days after surgery follownlg sodium 

Pletlon; and {D) 10 days after surgery following sodium repletion. 
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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' 


