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Response to Erythropoiet in in Germfree Mice 

T h e  ge rmfree  a n i m M  possesses  h e m a t o l o g i c a l  p rope r t i e s  
t h a t  dif fer  f rom no rma l .  Thus ,  a m o n g  o t h e r  fea tures ,  i ts  
l eukocy t e  c o u n t s  are  lower  1 a n d  i ts  l y m p h  nodes,  spleen,  
l iver,  a n d  o t h e r  o rgans  compr i s ing  t h e  r e t i cu loendo the l i a l  
s y s t e m  are  smal le r  1, % T he  p r e s e n t  s t u d y  r epo r t s  a n  aug-  
m e n t e d  e r y t h r o p o i e t i c  r e sponse  to  e r y t h r o p o i e t i n  (ESF)  in 
ge rmf ree  mice.  S imi l a r  r e su l t s  h a v e  b e e n  o b s e r v e d  b y  
K]~mHLE'Z 3 in t h e  I a s t e d  specif ic  p a t h o g e n - f r e e  r a t .  

A d u l t  rome ge rmfree  mice  (HAUSCHKA-MIRAND/ICR 
Swiss s t ra in)  were o b t a i n e d  f rom t h e  Char les  R i v e r  Breed-  
ing Labora to r i e s ,  Bos ton ,  Massachuse t t s .  T h e y  were  k e p t  
in  f lexible  p las t i c  i so la tors  of t h e  Trex le r  t y p e  4 to  m a i n -  
t a i n  t h e  axen ic  e n v i r o n m e n t .  T h e  c o n v e n t i o n a l  mice  were  
of t h e  s ame  s t r a i n  b u t  ra i sed  u n d e r  o r d i n a r y  l a b o r a t o r y  
cond i t ions .  These  were  a lso p laced  in  T rex le r  i so la tors  t o  
p r ec lude  t h e  poss ib i l i ty  t h a t  a n y  effects  occur r ing  in  t h e  
germfree  a n i m a l s  were  d ue  t o  c o n f i n e m e n t  in  t h e  isola tors .  
T h e  axen ic  mice  were  g iven  s ter i l ized food a n d  w a t e r  6 
whi le  t h e  c o n v e n t i o n a l  mice  h a d  access to  o r d i n a r y  non -  
s ter i le  food a n d  wate r .  F o r  t h e  ge rmfree  an imals ,  s amples  
of food, w a t e r  a n d  s tools  were  c u l t u r e d  da i ly  as a check  on  
t h e  axen ic  e n v i r o n m e n t  of t h e  isola tors .  R o u t i n e  micro-  
b iological  t e s t s  were  m a d e  for  bac te r i a ,  fungus ,  P P L O  a n d  
o t h e r  pa ras i t e s .  A t  t h e  t e r m i n a t i o n  of  t h e  e x p e r i m e n t s ,  t h e  
b lood,  fecal  c o n t e n t s ,  lung,  l iver  a n d  sp leen  f rom t h e  
ge rmfree  mice  were c u l t u r e d  as a f inal  check  on  t h e  m a i n -  
t e n a n c e  of t h e  ge rmfree  s ta te .  

Ha l f  of t he  ge rmfree  a n i m a l s  were  t r a n s f u s e d  i.p. on  2 
successive days  w i t h  1 m l  of homologous  ge rmfree  p a c k e d  
r ed  ceils 6. These  cells h a d  b e e n  w a s h e d  in  s ter i le  sa l ine  un -  
de r  asep t ic  c o n d i t i o n s  p r io r  to  in jec t ion .  H a l f  of t h e  con-  
v e n t i o n a l  mice  were  s imi l a r ly  t r a n s f u s e d  b u t  w i t h  w a s h e d  
r ed  cells f rom n o n - a x e n i c  mice.  E x p e r i m e n t a l  t r e a t m e n t  
was  b e g u n  3 d a y s  a f t e r  t h e  l a s t  i n j e c t i o n  of r ed  cells. I n  
t he se  p l e tho r i zed  groups,  mice  w i t h  h e m a t o c r i t  va lues  less 
t h a n  60% a t  t h e  t e r m i n a t i o n  of t h e  e x p e r i m e n t s  were  n o t  
i nc luded  in  t h e  da t a .  

F o u r  g roups  of mice  were  e s t a b l i s h e d :  (A) axen ic  h y p e r -  
t r ans fused ,  (B) a x e n i c  n o n - t r a n s f u s e d ,  (C) c o n v e n t i o n a l  
h y p e r t r a n s f u s e d ,  a n d  (D) c o n v e n t i o n a l  n o n - t r a n s f u s e d .  
Ha l f  of t h e  a n i m a l s  in  each  of t h e s e  4 g roups  were  i n j ec t ed  
s.c. w i t h  S tep  I I I  sheep  E S F  (lot No. K 147 137 suppl ied  
b y  t h e  N a t i o n a l  H e a r t  I n s t i t u t e ,  N I H )  a t  a dose level  of 1 
U / d a y  in 0.2 ml  s ter i le  sal ine for  3 days.  P r io r  to  use, t he  

E S F  was  passed  t h r o u g h  a Mil l ipore  f i l ter  (HA - .45 /~)  to  
ensure  s ter i l i ty .  T h e  r e m a i n i n g  50% of mice  in each  of t h e  
4 g roups  rece ived  s.c. i n j ec t ions  of 0.2 m l  s ter i le  saline,  t he  
vehic le  for t he  ho rmone ,  da i ly  for 3 days.  All  mice were in- 
j ec t ed  i .m. w i t h  2 m g  i ron  d e x t r a n  ( Imferon ,  Lakes ide  
l a b o r a t o r y ,  Wiscons in )  o n  t h e  d a y  t h a t  E S F  or  vehic le  in- 
j ec t ions  were  b e g u n  to  p r ec lude  changes  in c i r cu la t ing  i ron  
pool  t h a t  cou ld  fals i fy i n t e r p r e t a t i o n  of t h e  R B C  Fe  59 in- 
c o r p o r a t i o n  values .  A t  24 h a f t e r  t h e  l a s t  i n j ec t ion  of :ESF 
or t h e  vehicle,  t h e  mice  rece ived  i.v. i n j ec t ions  of 0.5 #c 
Fe  59 in 0.2 ml  s ter i le  sa l ine ;  48 h l a t e r  b lood  was  d r a w n  
f rom the  dorsa l  a o r t a  a n d  h e m a t o c r i t  a n d  % R B C  Fe  59 in- 
c o r p o r a t i o n  va lues  d e t e r m i n e d  e. P e r i p h e r a l  red,  re t iculo-  
cy t e  a n d  w h i t e  cell  coun t s ,  a n d  h e m o g l o b i n  c o n c e n t r a t i o n s  
were  also r ecorded  a t  t h i s  t ime .  

T h e  T a b l e  i nd i ca t e s  t h a t  E S F  s t i m u l a t e d  pe r  c e n t  R B C  
Fe  ~ i n c o r p o r a t i o n  to  a c o n s i d e r a b l y  g r ea t e r  e x t e n t  in  t h e  
germfree  t h a n  in t h e  c o n v e n t i o n a l  mice.  The  pe r iphe rM 
re t i cu locy te  levels  in  these  2 g roups  of mice  pa ra l l e led  
closely t he  r ad io i ron  i n c o r p o r a t i o n  values .  A l t h o u g h  th i s  
a u g m e n t e d  re sponse  was n o t e d  in b o t h  t h e  p l e tho r i zed  a n d  
n o n - p l e t h o r i c  ge rmfree  mice,  i t  occu r red  m u c h  m o r e  s t r ik -  
ingly  in  t h e  fo rmer  group.  No s ign i f i can t  effects  were  pro-  
duced  in  t h e  4 g roups  o l  E S F  on  h e m o g l o b i n  levels  a n d  red  
cell c o u n t s  in  t he se  s h o r t - t e r m  e x p e r i m e n t s .  W h i t e  cell 
c o u n t s  were  s ign i f i can t ly  lower  in  t h e  axen ic  t h a n  in t h e  
c o n v e n t i o n a l  mice  b u t  these  va lues  were  n o t  s ign i f i can t ly  
a l t e red  b y  E S F .  

The  e x p l a n a t i o n  for t h e  inc reased  e r y t h r o p o i e t i c  re- 
sponse  to  E S F  in t h e  ge rmfree  as  c o m p a r e d  to  t h e  con-  
v e n t i o n a l  a n i m M  r e m a i n s  obscure .  One  poss ib i l i ty  is t h a t  
g r e a t e r  n u m b e r s  of r e spons ive  s t e m  cells a re  p r e s e n t  or  
t h a t  a n  inc reased  s ens i t i v i t y  of these  e l e m e n t s  to  E S F  
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Response to erythropoietin (ESF) of axenic and conventional hypertransfused and non-hypertransfused mice (means 4- S.E.m.) 

Group No. Body wt. Hb RBC Hot % RBC Fe 59 
mice (g) WBC/mm a (g) (mi l l /mm 3) % incorporation 

(A) Axenic hypertransfused 
1. ESF 18 29.0 4- 0.57 4,405 4- 320 18.7 ! 1.16 11.I :t= 0.71 63.6:1:1.24 61.6:1:2.42 
2. Saline 18 28.9 4- 0.32 3,759 i 287 20.2 4- 0.92 11.4 4- 0.62 65.3 :t: 1.46 0.78 :t: 0.041 

(B) Axenic non-transfused 
1. ESF 18 27.8 4-4- 0.29 3,299 -4- 184 14.3 4- 0.84 8.7 4- 0.54 48.2 4- 0.93 50.9 :E 1.85 
2. Saline 18 27.6 i 0.22 2,821 4- 112 14.1 4- 0.72 8.5 4- 0.66 44.8 4- 0.88 35.5 ::t: 2.23 

(C) Conventional hypertransfused 
1. ESF 17 29.2 ± 0.41 6,275 4- 330 22.9 4- 1.03 12.6 ~ 0.75 70.5 ± 2.32 30.3 ~: 0.824 
2. Satine i7 27.2 4- 0.39 5,288 :t: 294 20.8 4- 1.I7 12.2 4- 0.68 65.5 :t: 1.83 0.63 ~ 0.117 

(D) Conventional non-transfused 
1. ESF 18 27.0 4- 0.52 4,065 -I- 277 14.6 =1:0.96 8.7 4- 0.48 47.7 4- 1.19 34.0 :l: 1.54 
2. Saline 18 26.0 4- 0.43 3,582 -t- 117 14.1 :t: 0.78 8.6 ~: 0.53 43.5 q- 0.98 30.2 :t: 1.86 
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exis ts  in  t h e  germfree  an imal .  A n o t h e r  poss ib i l i ty  is t h a t  
t h e  axen ic  a n i m a l  p rov ides  a n  e n v i r o n m e n t  conduc ive  to  
a u g m e n t e d  a c t i v i t y  of t h e  E S F ,  Th i s  could  occur  if t h e  
level  of c i r cu la t ing  e ry t h r opo i e s i s - i nh i b i t i ng  fac to r  7, s was  
lower  in  t h e  ge rmfree  an imal .  F inMly,  i t  is conce ivab le  
t h a t  a dec reased  r a t e  of h o r m o n e  d e s t r u c t i o n  occurs  in  t h e  
axen ic  mouse .  I n  t h i s  regard ,  t h e  l ive r  h a s  been  i m p l i c a t e d  
as  a s i te  of i n a c t i v a t i o n  of t h e  E S F %  :0 T h e  f ind ing  t h a t  
t h e  l iver  is less deve loped ,  b o t h  morpho log ica l l y  a n d  
func t iona l ly ,  in  ge rmfree  t h a n  in  c o n v e n t i o n M  a n i m a l s  n ,  :2 
s u p p o r t s  t h e  poss ib i l i ty  t h a t  a d i m i n i s h e d  r a t e  of des t ruc -  
t i on  of E S F  occurs  in  t h e  axen ic  an imal .  Th i s  eou ld  be  
t e s t e d  b y  d e t e r m i n i n g  t h e  so jou rn  t i m e  of exogenous  a n d  
e n d o g e n o u s l y - p r o d u c e d  E S F  in t h e  c i rcu la t ion  of ge rmfree  
a n i m a l s  ~3. 

Zusammen[assung. Unse re  gegenwArt igen E r g e b n i s s e  
zeigen, dass  keimfre ie  M~use d e m  E r y t h r o p o i e t i n  (ESF)  
gegenf iber  e inen  v e r s t t t r k t e n  e r y t h r o c y t e n e r z e u g e n d e n  
F a k t o r  aufweisen  als n o r m a l e  MiSuse. 
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The  Act iv i ty  of Erythrocyte  G l u c o s e - 6 - p h o s p h a t e  D e h y d r o g e n a s e  as  an Indicator  of the Rate  of 
E r y t h r o p o i e s i s  

T h e  d i f ferences  of g l ucos e - 6 - phos pha t e  d e h y d r o g e n a s e  
a c t i v i t y  (G-6-PD)  in r ed  cells of d i f f e ren t  age  h a v e  b e e n  
used  for  t h e  e s t i m a t i o n  of red  cell m e a n  age ~-4 a n d  for  
t he  e v a l u a t i o n  of t he  r a t e  of e ry th ropo ie s i s  3-s. N e v e r t h e -  
less, d i r e c t  c o m p a r i s o n  b e t w e e n  e r y t h r o c y t e  G - 6 - P D  
a c t i v i t y  a n d  t h e  r a t e  of e ry thropoies i s ,  i n v e s t i g a t e d  b y  
one  of t h e  m o r e  a c c u r a t e  m e t h o d s  ha s  n o t  been  repor ted ,  
e x c e p t  a p r e l i m i n a r y  o b s e r v a t i o n  on  a smal l  n u m b e r  of 
p a t i e n t s  3. I n  t h i s  paper ,  t he  co r re l a t ion  b e t w e e n  e r y t h r o -  
cy te  G - 6 - P D  a c t i v i t y  a n d  b e t w e e n  t he  r a t e  of e ry th ro -  
poiesis, e s t i m a t e d  b y  t he  r ad io i ron  m e t h o d  is desc r ibed  
a n d  c o m p a r e d  to  t h a t  of G - 6 - P D  a n d  re t icu locytes .  

I n  a g roup  of 29 sub j ec t s  w i t h  va r i ous  b lood  disorders ,  
d e t e r m i n a t i o n  of e r y t h r o c y t e  G - 6 - P D  a c t i v i t y  (pe r fo rmed  
b y  t h e  m e t h o d  of KORNBERG a n d  HORECKER 6, w i t h  some 
modi f i ca t ions ,  desc r ibed  in  a), fe r roc ine t ic  s tud ies  (carr ied 
o u t  as  g iven  in  7) a n d  c u r r e n t  b lood  e x a m i n a t i o n s  were  
m a d e  a t  t h e  s ame  t ime .  R e s u l t s  a n d  m a i n  c l inical  d a t a  
on  i n v e s t i g a t e d  i nd iv idua l s  a re  s u m m a r i z e d  in t h e  Table .  
W h e n  e r y t h r o c y t e  G - 6 - P D  a c t i v i t y  was  p l o t t e d  a g a i n s t  
r ed  b lood  cell  i ron  t u r n o v e r  r a t e  ( R B C I T R ) ,  good,  s taffs-  
t i ca l ly  s ign i f i can t  co r r e l a t i on  in  b o t h  p a r a m e t e r s  was  
found .  O n  t h e  o t h e r  h a n d ,  no  co r r e l a t i on  was  s t a t e d  be-  
t w e e n  R B C I T R  a n d  r e t i cu locy te s  b o t h  in  a b s o l u t e  or  in  
r e l a t i ve  va lues  (Figure) .  Thus ,  t he se  resu l t s  sugges t  t h a t  
t h e  d e t e r m i n a t i o n  of red  cell  G - 6 - P D  a c t i v i t y  cou ld  
p r o v i d e  more  a c c u r a t e  i n f o r m a t i o n  of  t he  r a t e  of e r y t h r o -  
poiesis t h a n  r e t i cu locy te  counts ,  t h o u g h  a p p r o x i m a t e  in- 
f o r m a t i o n  can  b e  o b t a i n e d  b y  t h e  l a t t e r  8. 

One  of t he  m o s t  l ike ly  e x p l a n a t i o n s  of th i s  d i f ference 
in G-6 -PD a n d  r e t i cu locy te  s ens i t i v i t y  for  a n  e v a l u a t i o n  
of e ry th ropo ies i s  is p r o b a b l y  a s h o r t  pe r iod  d u r i n g  w h i c h  
y o u n g  e r y t h r o c y t e s  of p e r i p h e r a l  b lood  are  p r e s e n t  as 
reticulocytes, b e i n g  on  t h e  a v e r a g e  39 h 9, whi le  G - 6 - P D  
a c t i v i t y  decreases  g r adua l l y  d u r i n g  t he  age ing  of red  cell*° 

a n d  t h u s  b e t t e r  ref lec ts  t h e  p resence  of inc reased  n u m b e r  
of y o u n g  red  cells in t h e  p e r i p h e r a l  blood.  Th i s  e x p l a n a t i o n  
is also s u p p o r t e d  b y  t h e  f ac t  t h a t ,  in  d e c o m p e n s a t e d  
pe rn ic ious  a n a e m i a ,  r e t i cu locy tos i s  a f t e r  B , ,  t r e a t m e n t  
d i s appea r s  essen t ia l ly  sooner  t h a n  t h e  e l e v a t i o n  of e r y t h r o -  
cy te  G - 6 - P D  ac t iv i ty ,  t h e  l a t t e r  c h a n g e  be ing  more  
sens i t ive  a n d  d e m o n s t r a b l e  even  a t  t h a t  t ime,  w h e n  
o t h e r  c u r r e n t  h e m a t o l o g i c a l  f ea tu re s  of e r y t h r o p o i e t i c  
s t i m u l a t i o n  d i s a p p e a r  am. 

Never the less ,  t h e  a b o v e  g iven  conclus ions  on  t h e  r a t e  
of e ry thropoies i s ,  ba sed  on  e r y t h r o c y t e  G - 6 - P D  d e t e r m i -  
na t ion ,  c a n  be  m a d e  on ly  in sub j ec t s  h a v i n g  n o r m a l  
p i t u i t a r y  a n d  t h y r o i d  func t ion ,  or n o t  be ing  t r e a t e d  b y  
la rger  doses of cort icoids,  s ince al l  t he se  cond i t ions  h a v e  
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