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Inhibit ion by Food Restr ict ion of the Renal  
D a m a g e  Due to C o r t i c o i d - O v e r d o s a g e  

The  s y n d r o m e  of nephrosc le ros i s  w i t h  h y p e r t e n s i v e  
c a r d i o v a s c u l a r  disease,  p r o d u c e d  b y  m i n e r a l o c o r t i e o i d -  
ove rdosage  in t he  r a t ,  is f r e q u e n t l y  used  to  t e s t  d rugs  
( s o d i u m - e x c h a n g e  resins ,  a n t i h i s t a m i n i c s ,  c h l o r p r o m a -  
zine, rauwolf ia) ,  s u s p e c t e d  of h a v i n g  a benef i c i a l  e f fec t  
upon  c o m p a r a b l e  d i s e a s e - m a n i f e s t a t i o n s  in  m a n  (for 
lit. seeX). I t  m u s t  be  k e p t  in m i n d ,  however ,  t h a t  t r e a t -  
m e n t  w i th  some  of t he se  d r u g s  se r ious ly  in t e r f e re s  w i t h  
t he  a p p e t i t e  of e x p e r i m e n t a l  an ima l s .  W e  h a v e  o f t e n  
no t i ced  t h a t  in  r a t s  w h i c h  re fuse  t h e i r  food (e.g., b e c a u s e  
of some  i n c i d e n t a l  disease) ,  i t  is p a r t i c u l a r l y  d i f f icu l t  t o  
p r o d u c e  r ena l  a n d  c a r d i o v a s c u l a r  les ions  w i t h  desoxy-  
c o r t i c o s t e r o n e ;  h e n c e  i t  s e e m e d  of i n t e r e s t  to  e s t a b l i s h  
the  ef fec t  of p a r t i a l  food r e s t r i c t i o n  u p o n  t h e  e v o l u t i o n  
of t h i s  e x p e r i m e n t a l  s y n d r o m e .  

T r e a t m e n t  w i t h  g lucocor t i co ids  t e n d s  to  a n t a g o n i z e  
m a n y  of t h e  p a t h o l o g i c  les ions  n o r m a l l y  e l ic i ted  b y  
o v e r d o s a g e  w i t h  m i n e r a t o c o r t i c o i d s  2, b u t  in  t h i s  r e s p e c t  
t he  k i d n e y  r e p r e s e n t s  a n o t a b l e  e x c e p t i o n L  I n  r a t s  in 
wh ich  neph rosc l e ro s i s  is p r o d u c e d  b y  d e s o x y c o r t i -  
cos te rone ,  t h e  r e n a l  d a m a g e  is f u r t h e r  a g g r a v a t e d  b y  
co r t i sone  or  cor t isol ,  e v e n  if t h e  a n i m a l s  lose b o d y -  
w e i g h t  as  a r e s u l t  of g l u c o c o r t i c o i d - t r e a t m e n t L  

I n  v iew of t he se  facts ,  we dec ided  to  u n d e r t a k e  ex-  
p e r i m e n t s  on r a t s  o v e r d o s e d  e i t h e r  w i t h  d e s o x y c o r t i -  
c o s t e r o n e  a lone  or  w i t h  d e s o x y c o r t i c o s t e r o n e  plus  
cor t isol ,  a n d  to  d e t e r m i n e  t h e  ef fec t  of food r e s t r i c t i o n  
u p o n  t h e  r e s u l t i n g  s y n d r o m e s .  

E x p e r i m e n t a l  31aterials and Techniques .  F i f t y  f emale  
S p r a g u e - D a w l e y  ra ts ,  h a v i n g  a n  in i t i a l  b o d y - w e i g h t  of 
94 104 g, were  sens i t i zed  to  t h e  p r o d u c t i o n  of n e p h r o -  
sclerosis  b y  r e m o v a l  of t h e i r  r i g h t  k i d n e y  a n d  s u b s e q u e n t  
a d m i n i s t r a t i o n  of 1}o NaC1 as a d r i n k i n g  fluid.  A t  t h e  
s ame  t ime ,  t h e  a n i m a l s  were  s u b d i v i d e d  i n to  f ive g roups ,  
e ach  cons i s t i ng  of t e n  r a t s  w i t h  a n  a v e r a g e  b o d y - w e i g h t  
of 99 g. 

B e g i n n i n g  on t h e  d a y  of t he  o p e r a t i o n ,  all  t h e  an ima l s ,  
e x c e p t  t he  con t ro l s  ( G r o u p  I), were  g iven  da i ly  sub-  
c u t a n e o u s  i n j e c t i o n s  of 1 m g  of d e s o x y c o r t i c o s t e r o n e  

a H. SELYE, Stress. l'he Physiology and Pathology o[ Exposure 
to Systemic Stress (Acta Inc. Med. Publ., Montreal, 1950); First 
Annual Report on Stress (Acta Irtc. Med. Publ., Montreal, 195l). - 
H. SELYE and A. HORAVA, Second (195'2) and Third (1953) Annual 
Reports on Stress (Acta Inc. Med, Publ., Montreal). H. SELVE and 
G. HEUSER, Fourth Annual Report on Stress (Acta lilt. Med. l'ubl., 
Montreal, 1954); Filth Annual Report on Stress (M D Publ. Inc., 
New York, 1955). 

2 H. SELYE, Exper. 11, 35 (1955). 

a c e t a t e  (DOCA) in t h e  f o r m  of m i c ro c ry s t a l s ,  su spended  
in 0.2 ml  of w a t e r  c o n t a i n i n g  a t r a c e  of " T w e e n  80". 
G r o u p s  I I  a n d  I V  rece ived  no  o t h e r  h o r m o n e - t r e a t m e n t ,  
whi le  G r o u p s  I I l  a n d  V were  g iven  s i m u l t a n e o u s  in- 
j ec t ions  of 1 m g  of cor t i so l  a c e t a t e  (COLA) in  t h e  same 
form.  G r o u p s  I, I I  a n d  I l I  h a d  u n r e s t r i c t e d  access  to 
food ( " P u r i n a  F o x  Chow") ,  wh i l e  in G r o u p s  I V  a n d  V 
f o o d - i n t a k e  was  so r e s t r i c t e d  t h a t  t h e  a n i m a l s  los t  a b o u t  
1/s to  li4 of t h e i r  i n i t i a l  b o d y - w e i g h t  in  t h e  course  of the  
e x p e r i m e n t .  T h e  N a C l - s o l u t i o n  was  a v a i l a b l e  to  all 
a n i m a l s  w i t h o u t  r e s t r i c t i o n  t h r o u g h o u t  t h e  e x p e r i m e n t ,  
a n d  t h e i r  v o l u n t a r y  f l u i d - i n t a k e  was  m e a s u r e d  dai ly .  

A f t e r  20 d a y s  of t r e a t m e n t  all t h e  a n i m a l s  were  killed, 
t h e i r  o r g a n s  f ixed in S u s a - m i x t u r e ,  w e i g h ed  a n d  his to-  
log ica l ly  e x a m i n e d .  

Resul ts .  I t  will  be  seen  f rom t h e  T a b l e  t h a t  in  t h e  con- 
t ro l s  ( G r o u p  I) a n d  in t h e  a n i m a l s  r e c e i v i n g  DOCA 
a lone  ( G r o u p  I I )  t h e r e  was  a c o n s i d e r a b l e  g a i n  in  body-  
w e i g h t  d u r i n g  t h e  20 d a y s  of o b s e r v a t i o n .  I n  t h e  l a t t e r  
g r o u p  t h e  k i d n e y  was  m u c h  e n l a r g e d  a n d  t h e r e  was  also 
m a r k e d  nephrosc l e ros i s  w i t h  a n  inc rease  in  f l u id - in t ake  
a n d  some  m y o c a r d i t i s .  S i m u l t a n e o u s  t r e a t m e n t  wi th  
COI,A ( G r o u p  I l I}  r e s u l t e d  in a m o d e r a t e  loss of body-  
w e i g h t  a n d  a s l i g h t  d i m i n u t i o n  of t h e  r ena l  h y p e r t r o p h y ,  
as j u d g e d  b y  t h e  a b s o l u t e  w e i g h t  of t h e  k idney ,  b u t  the  
r e l a t i v e  r e n a l  w e i g h t  was  n o t  d i m i n i s h e d  a n d  t h e  ne- 
ph rosc l e ros i s  was  a c t u a l l y  a g g r a v a t e d  as a r e s u l t  of the  
a d d i t i o n a l  g l u c o c o r t i c o i d - t r e a t m e n t .  T h e  f lu id - in take  
a n d  t h e  m y o c a r d i t i s  were  n o t  m a r k e d l y  a l t e r ed  in 
G r o u p  I I I ,  as c o m p a r e d  w i t h  G r o u p  I I .  

O n  t h e  o t h e r  h a n d ,  t h e  a n i m a l s  in  G r o u p  1%', which 
los t  20°/% of t h e i r  b o d y - w e i g h t  as  a r e su l t  of t h e  par t ia l  
s t a r v a t i o n ,  s h o w e d  no  t r a c e  of r ena l  or  ca rd i ac  lesions, 
no  m a r k e d  r ena l  h y p e r t r o p h y  a n d  no  inc rease  in fluid- 
i n t a k e .  

A l t h o u g h  t h e  a n i m a l s  in G r o u p  V lost  even  more 
b o d y - w e i g h t  t h a n  t h o s e  in G r o u p  IV, t h e y  did  exh ib i t  
n o t  o n l y  a p e r c e n t u a l  b u t  e v e n  a n  a b s o l u t e  increase  in 
r ena l  w e i g h t  a n d  ca rd i ac  weigh t .  A t  t h e  s a m e  t ime ,  there  
was  m a r k e d  nephrosc l e ros i s  a n d  some  m y o c a r d i t i s ,  as 
well  as a m o d e r a t e  i nc rease  in f l u id - in t ake .  

Discuss ion .  F r o m  t h e s e  e x p e r i m e n t s  i t  is o b v i o u s  tha t ,  
in r a t s  r ece iv ing  a n  u n r e s t r i c t e d  food - in t ake ,  t h e  renal  
d a m a g e  p r o d u c e d  b y  I )OCA is f u r t h e r  a g g r a v a t e d  by 
COLA.  P a r t i a l  s t a r v a t i o n  c o m p l e t e l y  i n h i b i t e d  the 
nephrosc le ros i s  a n d  m y o c a r d i t i s  caused  b y  DOCA- 
o v e r d o s a g e  u n d e r  our  e x p e r i m e n t a l  cond i t i ons .  On the 
o t h e r  h a n d ,  in  r a t s  s i m u l t a n e o u s l y  o v e r d o s e d  w i t h  DOCA 
a n d  COLA,  r e s t r i c t i o n  of f o o d - i n t a k e  e x e r t e d  a m u c h  less 
p r o n o u n c e d  i n h i b i t o r y  ef fec t  u p o n  t h e  r e s u l t i n g  renal 
d a m a g e  a n d  v i r t u a l l y  none  u p o n  t h e  m y o c a r d i t i s .  

Inhibition by food restriction of the rerial damage clue to corticoid+overdosage 

Group 

I 
I I  
I f I  
IV 
V 

DOCA 
(rag) 

COLA 
(rag) Food-Intake 

Unrestr ic ted 
Unrest r ic ted 
Unrest r ic ted 
t iestr ieted 
Restricted 

Final VVe 1 gh t 
Body- I Gain 
weight t <v 

l l/,°/ 
166 + 66 
131 + 32 
90 09 
79 --2 
72 - 27 

Kidney 

Weight 
(rag) 

1186~k32-0 
1 7 0 6 i 6 0 - 5  
1 3 1 0 ~ 7 2 - 0  

699 :~22-7  
9 5 5 ~ 3 7 " 5  

(%)* 

717 
1300 
1475 

878 
1376 

Nephro- 
Sclero- 

sis 

+0+ 

+ +  

Heart 

Weight 
(mg) 

636 ~u 15.9 
622 ~ 5-8 
472 ~ 14-8 
360 I 7-5 
392 =~ 7.3 

(%)* 

384 
474 
537 
454 
543 

.'~Iyo- 
~'arditis 

0 
+ 
+ 
0 
+ 

Fluid- 
Intake 

(ml) 

54 ± 4-3 
112 ~ 4-5 
130 ~ 8.4 

42 + 3-3 
87 ~ 5-2 

* Organ-weight in rag/100 g body-weight. 
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Effect of food res t r ic t ion  upon renal  damage  duc to cor t icoid-overdosage. .4  l,~idney of ra t  receiving I)OCA ,m an unres t r ic ted  
diet (Gronp II).  The glomerulus  is g rea t ly  enlarged and pa r t ly  hyalinized.  The tubute~ are d i la ted  and several  of them conta in  
hyalin-casts.  /'3 Kidney  of r a t  receiving bo th  DOCA and COLA on an unres t r ic ted  diet  {Group l l I ) .  Changes essent ia l ly  ~imilar to  those 
in previous picture.  C T r e a t m e n t  same as in " A "  b u t  the an imal  is kept  on a res t r ic ted  d ie t  (Group IV). Renal  s t ruc ture  essm~tially 
normal. D T r e a t m e n t  same as in " B "  b u t  the r a t  is kep t  on at res t r ic ted diet  (Group V). Hya l in iza t ion  is dimini.~hed, bu t  there is s t i l l  

considerable  accumula t ion  of prote inaceous  mate r ia l  in Bowman ' s  capsuie  and  there are hya lh>cas t s  i~ the tubule , .  

We m a y  conclude that - -qui te  apart from their 
specific ac t i on s -d ru gs  and other experimentM condi- 
tions, which damage animals and thereby diminish their 

v o l u n t a r y  f o o d - i n t a k e ,  m a y  a l s o  i n h i b i t  t h e  p r o d u c t i o n  
of nephrosclerosis by corticoids through the partial 
starvation thus induced. As judged by the experiments  

Exper. 10 
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r e p o r t e d  here ,  s u c h  a nonspee i f i c  a n t i n e p h r o s c l e r o t i c  
e f fec t  is less l ike ly  to  occur ,  h o w e v e r ,  in  a n i m a l s  rece iv-  
ing  c o n j o i n t  t r e a t m e n t  wi th  D O C A  a n d  C O L A  ~. 

The authors wish to thank the Sehering Corporation for supplying 
desoxycorticosterone acetate ("Cortate"), the Pfizer Laboratories 
for eortisol acetate ("Cortril"), and Mr. K. NIELSEN for the prepara- 
tion of the photomicrographs. 

P .  BOlS a n d  H.  SELYE 

In s l i t u t  de Mddec ine  et de Chirurgie  expdrimentales ,  
Universi td de Montrdal ,  Canada,  November  14, t955.  

Z u s a m m e n [ a s s u n g  

Bei R a t t e n ,  die d u r c h  e inse i t ige  N i e r e n e x s t i r p a t i o n  
u n d  1% NaCt  als  T r in k f l f i s s i gke i t  s ens ib i l i s i e r t  w u r d e n ,  
w a r  die N e p h r o s k l e r o s e ,  die n o r m a l e r w e i s e  d u r c h  d a s  
D e s o x y c o r t i c o s t e r o n a c e t a t  (DOCA) h e r v o r g e r u f e n  wird,  
d u r c h  g le ichze i t ige  Z u f u h r  v o n  C o r t i s o l a c e t a t  (COLA/ 
noch  ve r s t / i r k t .  E i n s c h r g n k u n g  der  N a h r u n g s z u f u h r  
k a n n  die P r o d u k t i o n  y o n  N e p h r o s k l e r o s e  d u r c h  10OCA 
v o l l k o m m e n  v e r h i n d e r u ,  U n t e r e r n / i h r u n g  h a t  j e d o c h  
viel  w e n i g e r  E i n f l u s s  a u f  d a s  E n t s t e h e n  d e r a r t i g e r  
N i e r e n v e r X n d e r u n g e n  n a c h  g le ichze i t ige r  B e h a n d l u n g  
m i t  D O C A  u n d  COLA.  

a This work was supported by a (;rant from the Gustavus and 
Louise Pfeiffer Research Foundation. 

l[3ber P f l a n z e n w a c h s t u m s r e g u l a t o r e n *  

(2her weitere phyto tox ische  Tr iaz ine  

a l i p h a t i s c h e n  A m i n e n  l e ich t  in g u t e r  A u s b e u t e  e rha l t en .  
Sie s i nd  ats  C h e m i k a l i e n  m i t  A u s n a h m e  y o n  G 28510 
be r e i t s  b e s c h r i e b e n .  Led ig l i ch  G 28279 h a t  e ine  W a s s e r -  
16slichkeit ,  die bei  20°C 1 °/00 f ibers te ig t .  A b g e s e h e n  yon 
G 27901 s i nd  sie in de n  f ib l ichen  o r g a n i s c h e n  L 6 s u n g s -  
m i t t e l n  bei  Z i m m e r t e m p e r a t u r  s c h w e r  15slich. D a s  Chlor-  
a t o m  k a n n  d u t c h  m g s s i g  k o n z e n t r i e r t e  Minerals~ture  bei 
V C a s s e r b a d t e m p e r a t u r  h y d r o l y s i e r t  we rden .  

F u n g i z i d e  u n d  i n s e k t i z i d e  E i g e n s c h a f t e n  w u r d e n  bei 
d e n  g e n a n n t e n  V e r b i n d u n g e n  n i e h t  oder  in h 6 c h s t  ge- 
r i n g e m  Masse  a n g e t r o f f e n .  Die  Tox i z i t / i t e n  7 gegen t ibe r  
W a r m b l f i t e r n  s i nd  ats  ge r i ng  zu b e z e i c h n e n ,  wie a u s  der  
f o l g e n d e n  Ta be l l e  h e r v o r g e h t  : 

D L 5 0 M a u s  per os D L 5 0  Rat te  per os 

G 27692 2> 5 g/kg >- 5 g/kg 
G 27901 1,75 ,. 3,75 ,. 
G28279 0,48 ,, 0,48 ,, 
G 28509 2,5 ,. 2> 5 ,, 
G 28510 1 2,2 ,, 

Zu r  e r s t e n  b i o l o g i s c h e n  B e u r t e i l u n g  w u r d e n  d iese lben  
T e s t m e t h o d e n  be n i i t z t ,  wie wir  sic in u n s e r e r  e r s t e n  Mit- 
t e i l u n g  ~ b e s c h r i e b e n  h a b e n .  

E s  ze ig te  sich,  da s s  a u c h  diese  S u b s t a n z e n  se lbs t  
ke inen  Wuchssto[ fcharahter  i m  k l a s s i s e h e n  S inne  auf-  
w e i s e n  u n d  d e n  n a t t i r l i c h e n  ~ V u c h s s t o f f h a u s h a l t  n i ch t  
s t 6 r e n .  ~ ¥ a a g r e c h t  ge leg te  B o h n e n ,  d e r e n  E p i k o t y l -  
u n t e r s e i t e n  m i t  d e n  S u b s t a n z e n  b e h a n d e l t  w o r d e n  waren ,  
e n t w i c k e l t e n  v611ig n o r m a l e  n e g a t i v  g e o t r o p i s c h e  Re a k -  
t ionen .  

D a s s  a u c h  die S a m e n k e i m u n g  p r a k t i s e h  n i c h t  beein-  
f l u s s t  wi rd ,  g e h t  a u s  Ta be l l e  I h e r v o r :  

Tabelle I. Indexziffer: 10 ~ normale Keimung, 0 = keine Keimung, 
9 1 = Zwischenstufen, fiber 10 = erh6hte Keimung. 

I n  e iner  e r s t e n  M i t t e i l u n g  1 h a b e n  wir  f iber die p h y t o -  
t o x i s c h e n  E i g e n s c h a f t e n  des  2 - C h l o r - 4 , 6 - b i s - ( d i g t h y l -  
a m i n o ) - s - t r i a z i n s  (G 25804) b e r i c h t e t .  Bei  de r  W e i t e r -  
b e a r b e i t u n g  d iese r  N 6 r p e r k l a s s e  f a n d e n  wir  n u n  e in ige  
V e r b i n d u n g e n  2, d ie  e ine  w e s e n t l i e h  s t g r k e r e  A k t i v i t ~ t  
a u f w e i s e n  : 

CI 
I 

N N 

X \N2 , -  Y 

F umkristall isiert  aus: 

224 225 ° Dimethyl formamid 3 
t01 t03 ° ~kthanol a 
177-178 ° l) ioxan ~ 
236 237 ° Dimethyl formamid 6 
203 205 ° ~_thylcellosolve 

X Y 

G27692 -NHCzH~ -NHC~H.~ 
(;27901 -N(C2H~) ~ -NHC,H~ 
G28279 - N H  2 -NHC2H ~ 
G28509 - N H C H  3 -NHC=H~ 
G28510 - N H C H  3 -NHC3H 7 

Die 2 - C h t o r - 4 , 6 - d i a m i n o - s - t r i a z i n e  lasselx s i ch  a u s  
C y a n u r c h l o r i d  d u r c h  U m s a t z  m i t  den  e n t s p r e c h e n d e n  

* 2. Mitteflung. 
1 A. GAST, E. KN'OSLI und H. GYsl~, Exper. 11, 107 (t955). 

Verwendung zum Patent angemeldet. 
z A. "W. HOFMANN, Ber. deutsch, chem. Ges. 18, 2755 (I885). - 

W. M. PEARLMAN und C. K. BASKS, Amer. Soe. 7o, 37~Z8 (1948). - 
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W. M. PEARLMAn und C. K. BA~Ks, Amer. Soe. 7o, 3728 (1948). 
5 0 ,  DmLS, Ber. deutsch, chem. Ges. 32, 700 (t899). - W. M. 

PnARLMAS und C. K. BANKS, Amer. Soe. 70, 3728 (I948). 
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Produkt 

G 27692 . . . . . . . . .  
G 27901 . . . . . . . . .  
G 28279 . . . . . . . . .  
G 28509 . . . . . . . . .  
G 28510 . . . . . . . . .  
G 25804 . . . . . . . . .  
2.4-D . . . . . . . . .  
CMU* . . . . . . . . .  
unbehandel t  . . . . . . .  

Testpflanzen 

Hafer 
(Avena 

sativa L.) 

10 
lO 
10 
lO 
10 
10 
10 
10 
10 

Senf Gurket~ 
(Sinapis (Cucumis 
alba L.) sativus L. I 

9 11 
8 12 

10 10 
10 11 
10 10 
I0 12 

1 5 
10 11 
10 10 

* = ,l-Chlorphenyl-dimethy}-harnstoff (Du Pont). 

Die  W i r k u n g  au[ das W a c h s t u m  der  K e i m p f l a n z e n  ist 
a u s  Ta be l l e  I I  e r s i ch t l i ch .  

Die  ] 3 e o b a c h t u n g e n  ] lessen e r k e n n e n ,  d a s s  die ffinf 
V e r b i n d u n g e n  e i n e / i h n l i c h e  W i r k u n g s w e i s e  wie G 258(}4 
au fwe i sen .  G r a m i n e e n  w e r d e n  z u e r s t  c h l o r o t i s c h  und 
s t e r b e n  h e r n a c h  ab.  A n  K e i m p f l a n z e n  y o n  Senf  werden  
ats  e r s t e  V e r g i f t u n g s s y m p t o m e  D i i r r e e r s c h e i n u n g e n  an 
d e n  R g n d e r n  de r  K o t y l e d o n e n  s i c h t b a r ;  sch l iess t i ch  ver- 
t r o c k n e t  die P f l anze ,  o h n e  da s s  e ine F a r b v e r g n d e r u n g  
s i e h t b a r  wird.  D a s  A b s t e r b e n  t r i t t  in  de r  Rege l  i nne rha lb  
drei  W o c h e n  ein. I m  Verg le i ch  zu CIV[U w i r k e n  die ge- 
n a n n t e n  T r i a z i n e  e t w a s  l a n g s a m e r .  

7 "Wir verdanken die Bestimnmungen Herrn Prof. Dr. DOMENJOZ, 


