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The Role of S u b m a n d i b u l a r  Glands  on Extrarenal  Erythropoiet in  Product ion  

T h e  k i d n e y  is t h e  m a i n  o r g a n  con t ro l l i ng  e r y t h r o -  
po i e t i n  (EP)  p r o d u c t i o n .  Th i s  s u b j e c t  h a s  r e c e n t l y  been  
rev iewed  1 

MIRAND and PRENTICE ~ first demonstrated the produc- 
tion of erythropoietic factor in hypoxic anephric rats, It 
has been observed that serum EP produced in hypoxic 
anephric rats was immunologically indistinguishable from 
renal EP a,a. Nevertheless, no conclusive evidence on the 
si te  of p r o d u c t i o n  h a s  been  r epo r t ed .  

O the rwi se ,  d i f f e ren t  f ac t s  r e l a t ed  to  s a l i v a r y  g lands ,  
such  as:  I s o l a t i o n  of severM h u m o r a l  factorsS-S inc lud ing  
ren ing ;  h o r m o n a t  con t ro l  on  s u b m a x i l l a r y  g l ands  l~  
r e s e m b l a n c e  of  u l t r a s t r u c t n r e  of d u c t  cells of  s u b m a x i l l a r y  
g l ands  w i t h  t u b u l e  cells of t h e  k i d n e y  ~,  a m o n g  o the r s ,  
led us to  t h i n k  of t h e  pos s ib i l i t y  of t h o s e  g l ands  as a s i te  
of e x t r a r e n a l  E P  p r o d u c t i o n .  

Mater ia l  and methods. Male W i s t a r  r a t s  we re  used.  
Y o u n g  r a t s  we re  30-33 d a y s  old a n d  a d u l t  r a t s  21/2 m o n t h s  
old. R e m o v a l  of k i d n e y s  a n d  s u b m a n d i b u l a r  g l ands  were  
p e r f o r m e d  u n d e r  e t h e r  anes thes i a .  T h e  a d r e n a l s  were  
left  in t ac t .  

T h e  p r o d u c t i o n  of E P  w a s  s t i m u l a t e d  e i the r  b y  h y p o x i a  
ill an  a l t i t ude  c h a m b e r  a t  22,000 f t  or  b y  h y p o x i a  a n d  
anemia .  T h e  l a t t e r  w a s  o b t a i n e d  b y  card iac  p u n c t u r e  
w i t h d r a w i n g  2 m l  of b lood  p e r  100 g of b o d y  we igh t ,  

r ep l ac ing  the  s a m e  v o l u m e  w i t h  n o r m a l  r a t  s e r u m  in jec ted  
in  t h e  f e m o r a l  vein.  

T h e  e r y t h r o p o e i t i c  a c t i v i t y  of t h e  r a t  p l a s m a  w a s  
m e a s u r e d  as t h e  p e r c e n t  of 59Fe i n c o r p o r a t i o n  in t o t a l  
c i r cu la t ing  red  b lood  cells, in  C F W / e p  e x - h y p o x i c  mice, 
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Table I. Erytbropoietic activity of ex-hypoxic mice injected with 1 ml ol plasma from young rats after different treatments 

Group Treatment 48 h SSFe incorporation P 

A Normal 0.48 =L 0.06~ (7) 
B 5 h hypoxia 20.81 i 1.92 (7) 
C Nephrectomy+5 h hypoxia 9.02 • 1.38 (6) 
D Nephrectomy+submandibularectonty+5 h hypoxia 1.66 =L 0.18 (7) 
E Saline controls 0.40 i 0.08 (6) 

A Normal 0.45 i 0.06 (7) 
B 5 h hypoxia 21.92 • 2.14 (8) 
C Nephreetomy+5 h hypoxia 9.87 i 1.38 (7) 
D Nephreetomyq-st~bmandibulareetomy+5 h hypoxia 2.69 ! 0.15 (7) 
E Saline controls 0.36 :tz 0.05 (6) 

NS 
versus C < 0,001 
versus D < 0.001 
versus E <0.001 

NS 
versus C < 0.001 
versus D < 0.001 
versus E < 0.001 

Standard error of the mean. P, statistical significance. NS, not significant. Number of mice in parenthesis. 

Table II. Erythropoietic activity of ex-hypoxie mice injected with plasma from adult rats after different treatments 

Group Treatment 48 h agFe incorporation P 

A 
B 

A 
B 
C 
D 

A 
13 
C 
D 

A 
B 
C 
D 

Normal 0,44 =E 0.14 (10) 
Saline Controls 0,40 =~ 0.07 (6) 

5 h bypoxia 12.87 ::}= 1.02 (7) 
Nephrectomyq-5 h hypoxia 0.41 :j_ 0.04 (10) 
Nephrectomy+submandibul-areetomy+5 h hypoxya 0.33 ~ 0.04 (11) 
Saline controls 0.33 :L 0.03 (6) 

Anemiaq-7 h hypoxia ~ 36.38 ~ 2.19 (8) 
Nephrecton~y+anemia-~7 h hypoxia 2.93 =L 0.51 (8) 
Nephrectomy+submandibulareetomy+anemia+7 h hypoxia 1.20 J- 0.17 (6) 
Saline controls 0.44 • 0.11 (6) 

Anemia-V7 h hypoxia ~ 36.20 =t= 3.75 (8) 
Nepbreetomy+anemia+7 h hypoxia 3.30 =t= 0.98 (9) 
Nepbrectomy+submandibularectomy+anemia-t-7 h hypoxia 1.00 :~ 0.17 (9) 
Saline controls 0.36 ~ 0.14 (6) 

N S  

versus B, C, D < 0.001 
NS 
NS 

v e r s u s  ]3 < 0.001 
versus C < 0.02 
versus D < 0.001 

versus B < 0.001 
versus C < 0.05 
versus D < 0.02 

Figures and symbols represent the same as ill Table I. ~ Only 0.5 ml of plasma per mouse was injeeted. All other groups received 1 ml of plasma. 
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as descr ibed elsewhere la. Pools  of p l a s m a  were m a d e  f rom 
r a t s  s imi la r ly  t rea ted .  The  t o t a l  dose was d iv ided  in to  2 
halves,  and  were in jec ted  s.c. 24 h apa r t .  F i r s t  in jec t ion  
was m a d e  on  7 th  d a y  of t he  pos t  h y p o x i a  period.  

Results and discussion. Tab le  I shows t he  resul t s  of t he  
e ry th ropo ie t i c  a c t i v i t y  of y o u n g  ra t s  and  Tab le  I I  of t he  
a d u l t  rats .  The  48 h 59Fe u p t a k e  of mice in jec ted  w i t h  
p l a s m a  of n o r m a l  ra t s  d id  no t  differ  f rom sal ine in jec ted  
controls .  The  h ighes t  e r y t h r o p o e t i c  a c t i v i t y  was, as 
expected ,  found  in t he  p l a s m a  of n o r m a l  s t i m u l a t e d  r a t s  
(k idney  present ) .  

The  m o s t  i m p o r t a n t  and  new f ind ing  is the  m a r k e d  
r educ t i on  in e x t r a r e n a l  E P  t i t e r s  w h e n  s u b m a n d i b u l a r  
g lands  were r e m o v e d :  The  ave rage  59Fe u p t a k e s  were 1/4 
in t he  case of y o u n g  r a t s  and  1/3 in t he  adul ts ,  c o m p a r e d  
to anephr i c  r a t s  b u t  w i t h  s u b m a n d i b u l a r  g lands  lef t  
in tac t .  Since t he  r e l a t ionsh ip  be tween  52Fe inco rpo ra t ion  
a n d  E P  t i t e r s  is logar i thmic ,  i t  m e a n s  t h a t  a severa l  t i m e  
r e d u c t i o n  on  E P  p r o d u c t i o n  a f te r  r e m o v a l  of those  
sa l iva ry  g lands  h a d  occurred.  

Therefore ,  a r easonab le  i n t e r p r e t a t i o n  would be  t h a t  
s u b m a n d i b u l a r  g lands  are a s i te  of e x t r a r e n a l  E P  produc-  
t ion,  e i the r  d i rec t ly  or t h r o u g h  a m e c h a n i s m  s imi la r  to  
t he  rena l  e ry th ropo i e t i c  fac to r  (REF)  descr ibed  b y  
GORDON et  al. ~. I n  t he  p r e s en t  s tudy ,  we are  no t  able  to  
d i f f e ren t i a t e  t he  m e c h a n i s m  of t he  h o r m o n e  p r o d u c t i o n  ~5. 

ResumeD. La  ex t i rpac idn  de las g l~ndnlas  s u b m a n d i -  
bu lares  en r a t a s  m a c h o s  ne f r ec tomizadas  p rodu jo  u n a  
m a r c a d a  d i sminuc idn  en la a c t i v idad  er i t ropoyGtica  del 
p lasma,  m e d i d a  por  la incorporac idn  de ~gFe en  r a tones  
policitGmicos. Es t e  hal lazgo es c o m p a t i b l e  con la forma-  
cidn de e r i t r opoye t i na  ex t r a  rena l  en esas g l~ndu la s  
sal ivares.  
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Enhancement of 'Memory Cell' Pool by Polyanions 

I t  has  been  shown t h a t  po lyanions ,  (PA) e n h a n c e  t he  
p r i m a r y  i m m u n e  response  to sheep red blood cells (SRBC) 
in mice l, 2. E x p e r i m e n t s  r e p o r t e d  p rev ious ly  a concern ing  
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Fig. 1. PFC response to SRBC in irradiated C 57 B1/6J mice injected 
with graded numbers of spleen cells derived either from dextran 
sulfate and SRBC primed (0) or from SRBC primed syngeneic 
mice (�9 PFC response assayed 7 days after cell transfer and antigen 
inoculation. Each point represents average values obtained in 6-8 
mice. The standard errors are shown by vertical bars. N.S. = 1?or 
significant. 

in Mice 

t he  effects of po lyan ions  on t he  seconda ry  response  to  
S R B C  in mice ind ica t ed  t h a t  P A  m a y  e n h a n c e  no t  on ly  
t he  n u m b e r  of a n t i b o d y  fo rming  ceils, b u t  poss ib ly  also 
the  pool  of m e m o r y  cells. Fo r  ins tance ,  mice  p r i m e d  w i t h  
an  o p t i m a l  dose of an t i gen  and  in jec ted  w i t h  d e x t r a n  
su l fa te  (DS) a t  t he  t i m e  of p r iming ,  give a s l igh t ly  b u t  
s ign i f ican t Iy  h ighe r  s econda ry  response  t h a n  an ima l s  
p r i m e d  w i t h  an t i gen  a lone 3. On t he  o the r  hand ,  i t  has  
also been  r epo r t ed  t h a t  b o t h  a n t i - S R B C  IgG and  an t i -  
S R B C  IgM in jec ted  t o g e t h e r  w i t h  S R B C  e n h a n c e  t he  
I m R  to S R B C L  and  t h a t  t he  m e c h a n i s m  of s t i m u l a t i o n  
of t he  I m R  b y  an t ibod ie s  m i g h t  be  based  on  specific 
a c c u m u l a t i o n  of the  an t i gen  in t he  spleen 4. Since mice 
p r i m e d  w i t h  S R B C  and  in jec ted  w i t h  D S  a t  t he  t i m e  of 
p r i m i n g  showed e n h a n c e d  a n t i - S R B C  t i t e r s  a t  t he  t i m e  of 
a n t i g e n  chal lenge in compar i son  to mice  p r i m e d  w i t h  
an t i gen  a lone a, i t  could no t  be  dec ided  w h e t h e r  enhance -  
m e n t  of t he  seconda ry  hnIR in t he  D S  p r e t r e a t e d  mice 
was due  to  a n  acce le ra t ion  of t he  an t i gen  u p t a k e  b y  an  
a n t i b o d y - m e d i a t e d  m e c h a n i s m  sugges ted  b y  DENN~RT 
et  al 4 or to  an  increase  in t he  n u m b e r  of ' m e m o r y  cells '  
in l y m p h o i d  tissues.  

The  p r e sen t  e x p e r i m e n t  was  des igned to  d e t e r m i n e  
w h e t e r  po lyan ions  rea l ly  inf luence  t he  m e m o r y  cell pool  
in mice p r imed  w i t h  SRt3C. 

Groups  of C57 B1/6J ,  mice, 6 an ima l s  pe r  group,  
8-10 weeks old, were in jec ted  e i t h e r  w i t h  p o l y a n i o n  
(dex t ran  sulfate,  molecu la r  we igh t  5 •  5, 1 m g / m o u s e  
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