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be t a k e n  in to  cons idera t ion  in the  analysis  of t he  possible 
mechan i sms  of the  pyrogenic  effect  of ricin. Dur ing  ricin 
in tox ica t ion  the re  is an endogenous  cor t icosteroid  mobil i -  
zation.  The e levated  b lood-cor t icos tero id  leveN 4 can 
influence t h e  r ic in- induced fever  in m a n y  ways :  1. Unde r  
cer ta in  c i rcumstances  i t  can inh ib i t  or re ta rd  the  release 
of endogenous  py rogen ;  moreover  i t  can  produce  an 
an t ipyre t i c  effect  by  ac t ing  di rec t ly  on the  h y p o t h a l a -  
mus  15. 2. Among  the  cor t icos tero ids  released by  the  
adrenals  are subs tances  w i th  a 5-/%hydrogen of 3-e- 
h y d r o x y l  group.  Steroid  c o m p o u n d s  wi th  such a s t ruc tu re  
have  a pyrogenic  effect  on humansS,  t6. This  is a possi-  
bi l i ty  which  has  n o t  been  inves t iga ted  in th is  work.  

BALINT 17 has shown tha t ,  unde r  the  influence of 
ricin, t he  Mg 2+ c o n t e n t  of blood s ignif icant ly  decreases,  
while the  Ca 2+ con t en t  increases. The physiological  
Ca2+:Mg ~+ rat io  of t he  blood is t h u s  charac ter i s t ica l ly  
changed.  

~/[YtgRS e t  alfi  ,18, FE, LDBILRG e t  al .  19 showed a lmos t  
conclusively t h a t  in warm-b looded  animals  the  Na + : Ca 2+ 
balance  of the  h y p o t h a l a m u s  is responsible  for the  con- 
s t a n t  b o d y  t empera tu re .  According to  th is  s t a t emen t ,  the  
sh i f ted  Ca 2+ : Mg 2+ rat io,  as well as t he  the  e leva ted  Ca 2+ 
level, could have  an inh ib i to ry  effect  on the  ricin fever. 

This  hypo thes i s  is s t r eng thened  by  BALINT'S d a t a  (1965, 
unpubl ished)  t h a t  ricin has no pyrogenic  effect  on cold- 
b looded  animals ,  for example ,  on toads .  

L I N e t  al. 20 22 showed convincing  resul ts  to  the  effect  
t h a t  riein an tagon ized  the  process  of p ro te in - syn thes i s  in 
cells. Since it is also t rue  t h a t  dur ing  the  ear ly  p roduc t ion  
of endogenous  pyrogen,  p ro te in  syn thes i s  also takes  
place 9, it  seems very  likely t h a t  the  direct  inh ib i to ry  
effect  of ricin also prevai ls  in th is  s i tuat ion.  
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Summary. We measured  the  carot id  b o d y  volume of ra ts  t r ea t ed  wi th  chronic hypox ia  alone and  chronic hypox ia  
t oge the r  wi th  a single neona ta l  inject ion of N-e thy l -N-n i t rosourea  (10 mg/kg).  All the  animals  so t r ea t ed  showed 
en la rgemen t  of the i r  carot id  bodies,  b u t  no carot id  b o d y  chemodec tomas  occurred.  

The carot id  b o d y  enlarges in man  2 and  animals  a 
exposed  to chronic  alveolar  hypoxia .  In  t he  ra t  th is  is 
often due to  a hyperp las ia  of the  t y p e  1 (chief) cells 4. 
Neoplasms  (chemodectomas)  of the  carot id  b o d y  are rare 
in people l iving a t  sea-level, bu t  the i r  incidence is grea t ly  
increased in individuals  born  and p e r m a n e n t l y  res iding 
at  h igh  a l t i tude  in the  Pe ruv ian  Andes  a. Such chemo-  
dec tomas  m a y  represen t  an ex t r eme  degree of hyperp las t i c  
response  of chemorecep to r  t issue to prolonged hypoxia .  
We inves t iga ted  th is  p rob lem by  s tudy ing  the  effects of 
chronic  hypox ia  combined  wi th  the  neuro t rop ic  carcino- 
gen N-e thy l -N-n i t rosourea  (ENU) on the  carot id  b o d y  
of the  rat .  The caro t id  b o d y  is of neural  cres t  embryonic  
der iva t ion  G. We wondered  if the  admin i s t r a t i on  of E N U  
would conver t  the  hypox ic  hyperp las ia  of the  carot id  
b o d y  type  1 ceils in to  neoplasia.  Accordingly,  we div ided 
110 newborn  Wis t a r  albino ra ts  of e i ther  sex into 4 
groups  (Table). Group I ra t s  were control  animals  and  
were no t  exposed  to  chronic  hypox ia  or given E N U .  
Animals  in groups  I I  and  IV  were given a single s.c. 
in ject ion of E N U  dissolved in acidified e thanol  a t  a dose 
of 10 mg/kg  wi th in  24 h of b i r th .  Af ter  weaning  a t  
a p p r o x i m a t e l y  21 days  of age, ra t s  in group IV were 
t r ans fe r red  to a hypoba r i c  chambe r  a t  a pressure  of 
460 m m  Hg  (equivalent  to  an a l t i tude  of 4300 m above 
sea-level) for the  r ema inde r  of the i r  lives. Ra t s  in Group 
I I I  were no t  given E N U ,  b u t  af ter  weaning  were t rans -  
ferred to  a hypobar i c  c h a m b e r  under  the  same condi t ions  
as ra t s  in Group IV. W h e n  a ra t  died the  carot id  bodies  
were examined  his tological ly and the i r  volume measured  
by  a po in t - coun t ing  m e t h o d  ~. 

No signif icant  difference was found be tween  the  mean  
combined  carot id  b o d y  volumes of the  2 groups of ra ts  
(I and I1) which  were no t  exposed  to  chronic hypoxia ,  so 
t h a t  it  is unl ikely t h a t  t r e a t m e n t  wi th  E N U  alone can 
induce carot id  b o d y  en largement .  Exposu re  to  chronic 
hypox ia  p roduced  s ignif icant  en la rgemen t  of the  carot id  
bodies.  Histological ly,  these  enlarged carot id  bodies 
showed the  capi l lary d i la ta t ion  and  increase in volume 
of t ype  I cells t h a t  have  been descr ibed before. None  of the  
carot id  bodies had  the  histological  appearance  of chemo- 
dectoma.  E N U  t r e a t m e n t  did no t  increase the  degree of 
carot id  b o d y  en la rgement  p roduced  by  chronic hypoxia .  
In  his s tudy  of h igh a l t i tude  hypox ia  and  ehemodectomas ,  
SALDANA 5 descr ibed 24 carot id  b o d y  neoplasms.  The 
smal les t  of these  was increased 10-fold as compared  wi th  
t he  mean  carot id  b o d y  weight  of people  born  and  living 
a t  high al t i tude.  None  of our chronical ly  hypoxic  ra ts  
showed such a degree of en l a rgemen t  of the i r  carot id  
bodies.  We  conclude t h a t  we were unable  to  s t imula te  
c h e m o d e c t o m a  fo rmat ion  in any  of our  rats.  Bo th  the  
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Number of neoplasms and carotid body volume in control rats and experimental rats treated with N-ethyI-N-nitrosourea (ENU) and chronic 
hypoxia, separately and in conlbination 

Group Treatment  No. of rats Survival No. of rats Number of neoplasms Mean combined 
in group (days) with neoplasms carotid body volume 

Brain Cranial Spinal PNS Others (p.in a • 106) 
nerves cord 

I --  31 63-648 2 1 1 --  --  --  98 (28) 

II ENU 22 113-692 18 13 3 2 2 3 181 (34} 
III Chronic hypoxia 29 50-414 . . . . . .  277 (29) 

IV Chronichypoxia and ENU 28 57 383 10 12 1 1 - -  - -  242 (29) 

Numbers appearing in brackets aIongside mean values indicate one s tandard error of the mean. PNS, Peripheral nervous system. 

c a r o t i d  b o d i e s  of  o n e  of  o u r  n o r m o x i c  r a t s  w h i c h  h a d  
r e c e i v e d  E N U  ( G r o u p  II )  w e r e  d i f f u s e l y  i n f i l t r a t e d  b y  a 
m a l i g n a n t  s p i n d l e  cel l  n e o p l a s m  (F igure )  a n d  we  w e r e  
u n a b l e  t o  m e a s u r e  t h e  c a r o t i d  b o d y  v o l u m e .  F u s i f o r m  
m a l i g n a n t  cel ls  i n f i l t r a t e d  b e t w e e n  t h e  t y p e  1 cei ls  w h i c h  
s h o w e d  no  n e o p l a s t i c  f e a t u r e s .  T h i s  n e o p l a s m  a p p e a r e d  
to  be  d e r i v e d  f r o m  a n  e x t r a c r a n i a l  e x t e n s i o n  o f  a m a -  
l i g n a n t  n e u r i n o m a  of  t h e  t r i g e m i n a l  n e r v e  also f o u n d  in  
t h i s  r a t .  T h e r e  w a s  n o  h i s t o l o g i c a l  r e s e m b l a n c e  t o  c h e m o -  
d e c t o m a .  

T h e  b r a i n s  o f  al l  o u r  r a t s  we re  d i v i d e d  i n t o  6 s e r i a l  
c o r o n a l  s l ices  a n d  e x a m i n e d  fo r  t h e  p r e s e n c e  of t u m o u r s .  
T h e  n u m b e r s  o f  n e o p l a s m s  a r e  s h o w n  in  t h e  T a b l e .  T h e  
34 n e u r a l  n e o p l a s m s  f o u n d  in  r a t s  t r e a t e d  w i t h  E N U  
c o m p r i z e d  11 a s t r o c y t o m a s ,  10 o l i g o d e n d r o - a s t r o c y t o m a s ,  
5 e p e n d y m o m a s ,  1 o l i g o d e n d r o c y t o m a ,  5 m a l i g n a n t  
n e u r i n o m a s ,  1 f i b r o b l a s t i c  m e n i n g i o m a  a n d  i n e u r o -  

b l a s t o m a .  T h e  3 o t h e r  n e o p l a s m s  f o u n d  w e r e  a p i t u i t a r y  
t u m o u r  a n d  2 c a r c i n o m a s  of  t h e  u t e r u s .  O n l y  4 of o u r  22 
r a t s  t r e a t e d  w i t h  E N U  a l o n e  fa i l ed  to  d e v e l o p  n e u r a l  
t u m o u r s ,  so t h a t  we  c o n c l u d e  t h a t  o u r  r a t s  t r e a t e d  w i t h  
E N U  r e c e i v e d  a n  e f f e c t i v e  dose  of  n e u r o t r o p i c  c a r c i n o g e n .  
T h e  low i n c i d e n c e  of  t u m o u r s  in  c h r o n i c a l l y  h y p o x i c  r a t s  
t r e a t e d  w i t h  E N U  ( G r o u p  IV) is  a t t r i b u t e d  to  t h e  s h o r t  
p e r i o d  of  s u r v i v a l  of  m a n y  of  t h e  r a t s  in  t h i s  g r o u p .  T w o  
of  t h e  60 r a t s  n o t  r e c e i v i n g  E N U  d e v e l o p e d  s p o n t a n e o u s  
c e r e b r a l  t u m o r s  w h e n  t h e y  w e r e  17 a n d  19 m o n t h s  o f  age ,  
r e s p e c t i v e l y .  A s u r v e y  s o f  s p o n t a n e o u s  n e o p l a s m s  in  6 
s o u r c e s  of  S p r a g u e - D a w l e y  r a t s  r e v e a l e d  t h a t  a p p r o x i -  
m a t e l y  1 %  d e v e l o p  s p o n t a n e o u s  n e u r a l  n e o p l a s m s .  O n e  
s o u r c e  of  r a t s  h a d  a n  i n c i d e n c e  of  4 n e u r a l  n e o p l a s m s  in  
a t o t a l  of  217 r a t s .  

O n l y  o n e  s p o n t a n e o u s  c h e m o d e c t o m a  h a s  b e e n  de -  
s c r i b e d  in  t h e  r a t ,  a n d  t h i s  o c c u r r e d  in  t h e  ao r t i c  b o d y  9. 
C a r o t i d  b o d y  c h e m o d e c t o m a s  in  r a t s  h a v e  n o t  b e e n  
d e s c r i b e d .  C h e m o d e c t o m a s  a r e  u n u s u a l  n e o p l a s m s  of  
d o g s  1~ a n d  a r e  r a r e l y  f o u n d  in  c a t s  11 a n d  cows  12. I n  a l l  
t h e s e  a n i m a l s ,  c h e m o d e c t o m a  of  t h e  a o r t i c  b o d y  is m o r e  
c o m m o n  t h a n  t h e  c a r o t i d  b o d y  n e o p l a s m ,  w h i l e  t h e  
r e v e r s e  is t r u e  in  m a n  13. T h e s e  s p e c i e s  d i f f e r e n c e s  m a y  
e x p l a i n  o u r  i n a b i l i t y  t o  s t i m u l a t e  t h e  f o r m a t i o n  o f  
c h e m o d e c t o m a s  o f  t h e  c a r o t i d  b o d y  in  r a t s .  SALDA~A 5 
c o n s i d e r e d  t h a t  c h e m o d e c t o m a s  a t  h i g h  a l t i t u d e  r e p r e s e n t  
t h e  e x t r e m e  d e g r e e  of  h y p e r p l a s t i c  r e s p o n s e  to  c h r o n i c  
h y p o x i a .  T h i s  c o n c e p t  w a s  s u p p o r t e d  b y  t h e  s low r a t e  of  
g r o w t h  a n d  b e n i g n  c l in i ca l  c o u r s e  of  t h e  c h e m o d e c t o m a s  
in  t h e  22 h i g h  a l t i t u d e  n a t i v e s  h e  d e s c r i b e d .  O u r  i n a b i l i t y  
to  p r o d u c e  c a r o t i d  b o d y  c h e m o d e c t o m a s  in  r a t s  e x p o s e d  
to  t h e  c o m b i n e d  s t i m u l i  of  c h r o n i c  h y p o x i a  a n d  a n e u r o -  
t r o p i c  c a r c i n o g e n  s u p p o r t s  t h e  v i e w  t h a t  s u c h  t u m o u r s  
a r i z i n g  in  h i g h  a l t i t u d e  n a t i v e s  a r e  h y p e r p l a s t i c  l e s i on s  
r a t h e r  t h a n  t r u e  n e o p l a s m s .  

Carotid body from a normoxic rat given a single neonatal injection 
of N-ethyl-N-nitrosourea. A cluster of type 1 cells (encircled) is 
Surrounded by small fusiform cells apparently derived from a mali- 
gant  neurinoma of the trigeminal nerve. Haematoxylin and Van 
Gieson stain. • 600. 
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