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Summary. An an t agon i sm be tween  pro lac t in  and 
thyroxine ,  s imilar  to  t h a t  found  in a m p h i b i a n  t issues a t  
a t  me tamorphos i s ,  has  been  recent ly  shown to occur a t  the  
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level of the  ra t  m a m m a r y  epi thel ium.  This  p h e n o m e n o n  
m a y  be impl ica ted  in the  pa thogenes i s  of h u m a n  b reas t  
cancer.  This expe r imen t  d e m o n s t r a t e s  t h a t  two analogues 
of thy ro id  hormone ,  t r i iodo thyroprop ion ic  acid and  tr i -  
iodo thyroace t ic  acid, which  are re la t ive ly  ve ry  weak in 
the i r  calorigenic action,  are as p o t e n t  as t h y r o x i n e  and  
t r i i odo thyron ine  in inhib i t ing  the  p ro lac t in -med ia t ed  
m a m m a r y  g ro w t h  in t hy ro idec tomized  rats.  The possible 
impl ica t ion  of th is  f inding in the  t r e a t m e n t  of m a m m a r y  
cancer  is discussed. 
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Preliminary P u r i f i c a t i o n  a n d  D o s a g e s  of  t h e  E r y t h r o p o i e t i c  F a c t o r  f r o m  O x - S p l e e n  

The exis tence of a splenic e ry thropoie t ic  s t imula t ing  
factor  is well known;  in fact, since 1926, KRUMBHAAR I 
emphas ized  the  indi rec t  influence of the  spleen on blood 
fo rmat ion  t h rough  a s t imula t ing  act ion on bone marrow.  
La te r  GLEY, ~)ELOR and LAUR and I~UHENSTROTH- 
BAUER 2 concluded t h a t  the  spleen m a y  represen t  one of 
the  sites p roduc ing  an e ry th ropo ie t i c - s t imula t ing  factor.  
More recent ly  DE FRANCISCIS 3,4 repor ted  the  results  of 

his inves t iga t ions :  Acellular ox spleen homogena te ,  when  
in jec ted  i.p. in rats,  caused a grea t  increase of reticul-  
ocytes  in per ipher ic  blood. In  mice there  was no increase 
of re t iculocyte  concen t ra t ion  af ter  t r e a t m e n t  wi th  
homogena t e s  of kidney,  muscle or liver of sp lenec tomized  
animals  ; there was, on the  cont rary ,  a p ronounced  and  sig- 
n i f icant  re t iculocyte  increase in the  animals  t r ea t ed  wi th  
spleen ex t r ac t  or wi th  liver of normal  rats.  

Table t. Acellular ox-spteen homogenate 
1 

50%(NH4)2SO4 sat. 

Centrifuged 
(19,600 x9) 

~ ' ~  Proteins A 
~ (active) 

Supernatant [ 

up to100% 
(NH4)2SO 4 sat. 

~ ' ~  Pr0teins B 
(inactive) 

Supernatant ]]" 
discarded 

50%(NH4) ,SO4 sat. 

Centrifuged 
(19.600• 

~ 
" ~  Supernatant I 

discarded 
Proteins A 

disse]ved in phosphate 
buffer pH 7.4+35%(NH4)2SO 4 sat. 

Centrifuged 
(t9,600xg) 

Supernatant It 
(discarded) . 

Proteins C 
(active) ~ pH 5.0 

Precipitate 
(discarded) 

Filtrate D 
(active) 

In  th is  work we proposed  to s t u d y  a pur i f icat ion m e t h o d  
for th is  act ive factor  and to assay its e ry thropoie t i c  
ac t iv i ty  wi th  d i f ferent  methods .  

Materials and methods. An acellular ox-spleen homo-  
gena te  was p repa red  by  homogeniza t ion  of the  organ, 
immed ia t e ly  r emoved  af ter  the  animals  death ,  w i th  2 
vo lumes  of dist i l led wa te r  in a b lender  a t  15,000 r p m  for 
2 min  and a t  0~ The coarse homogena t e  was then  
cent r i fuged for 90 min at  54 ,000•  and at  0~ The 
acellular s u p e r n a t a n t  was p rec ip i ta ted  by  d i t ferent  

percentages  of a m m o n i u m  su lpha te  following the  r epor ted  
outl ine (Table I). 
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Fig. 1. Elution of protein A on 
Sephadex G-200. Eluant: 0.1 M 
Tris-HC1 buffer, pH 8.0 and 1 M 
NaC1; Flow rate: 10 ml/h, Tempe- 
rature 4 ~169 -- �9 UV-absorption; 
|  proteic concentration. 

Table II. Effects of acellular homogenate, proteins A, B, C and filtrate 
D on % RBC 59Fe incorporation in polycythemic rat 

Group No. Treatment Injected protein % 
RBC 5~Fe incorporated 

mg mean =E SEM 

1" 1.0 mI • 2 saline 3.98 =L 0.90 
2 1.0 mI • 2 saline 0.97 • 0.11 
3 0.5 ml • 2 acell, homogenate 30 1.18 i 0.12 
4 1.0 ml • 2 aeell, homogenate 60 1.97 • 0.22 b 
5 1.0 ml • 2 proteins A 60 2.36 =t- 0.25 b 
6 1.0 ml • 2 proteins B 44 1.02 ~_ 18 
7 1.0 ml x 2 proteins C 28 2.83 4- 0.27 b 
8 0.5 ml • 2 filtrate D 2 3.13 -E 0.72 b 

aNormal rats. ~p < 0.01 when compared to control values. 
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Fig. 2. Elution of proteins C on Sephadex G-200. Eluant: 0.1 M 
Tris-HC1 buffer, pH 8.0 and 1 M NaC1; Flow rate: 10 ml/h, Tempera- 
ture 4~ �9 �9 UV-absorption. 
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P ro te ins  A, B and C were dissolved in phospha t e  buffer  
p H  7.4, 0.05 M following dialysis a t  4 ~ against  phospha t e  
buffer  p H  7.4, 0.05 M unt i l  the  e l iminat ion  of the  am- 
m o n i u m  su lpha te  (Nessler test) .  F i l t r a te  D, ob ta ined  by  
acidif icat ion wi th  HC1 0.2 N and  eboll i t ion of pro te ins  C, 
was dialyzed agains t  t ap  wa te r  in a cold room unt i l  the  
el iminatiol t  of C1-; it  was t h e n  freeze-dried and dissolved 
in p h o s p h a t e  buffer  p H  7.4, 0.05 M (proteic concen t ra t ion  
2 mg/ml) .  The f i l t ra te  D exh ib i t ed  a posi t ive  sialic acid 
and hexoses  reaction.  

P ro te ins  A and C were analyzed by  elut ion on Sephadex  
G-200 (40-120 ix) using 0.1 M Tr i s -HC1  buffer, p H  8.0 
and NaC1 1 M. After  3 days  of swelling in Tr i s -H C1  
buffer,  gel was packed  in co lumn of 2.6 •  cm a t  4~ 
and under  an opera t ing  pressure  of ca. 8.0 cm. Homo-  
gene i ty  of the  bed was control led  eluing b lue -dex t ran  
(M.W. 2 • 10e; concen t ra t ion  3.0 mg/ml).  P ro te in  dosages 
were made  e i ther  by  spec t ropho tomet r i ca l ly  a t  279 n m  
or according to  LowRY'S method .  (Figures 1 and  2). 

In  Figure  1 the  prote ins  A show subs tan t ia l ly  2 peaks  
whose  Ve /Vt  were 0.326 (LowRY) or 0.31 (spectroph.) 
and 0.65 respec t ive ly ;  t he  last  peak  was r e a d a t  420 n m  
owing to  t he  presence  of haemoglobin .  In  Figure 2 t he  
spec t ropho tome t r i c  graph  of pro te ins  C shows an un- 
changed  peak wi th  Ve /Vt  = 0.32 and the  d isappearance  
of the  peak  wi th  Ye /Vt  = 0.65. 

E lec t rophores i s  on agarose wi th  veronal  p H  8.4 buffer  
of p ro te ins  C revealed the  presence  of y-globulins and  
some o the r  subs tances  moving  among  e-fl globulins. 

E ry th ropo ie t i c  ac t iv i ty  of acellular homogenate ,  pro-  
teins A, ]3, C and  f i l t ra te  D were assayed.  Po lycy themic  
ra t  assay:  Sprague Dawley  rats ,  ma in t a ined  ad l ib i tum 
on normal  d ie t  enr iched in v i t amins  and minerals,  were 
employed.  Donors  300 g in weigh t  were bled by  cardiac  
p u n c t u r e  and  a vo lume of blood equal  to  2.5% of t he  
b o d y  weight  was wi thdrawn .  The packed  cell volume of 
pooled samples  was ad jus ted  to  70% and  app rox ima te ly  
5 ml  of th is  concen t r a t ed  e ry th rocy t e  p repara t ion  was 
t rans fused  in to  the  tai l  veins  of recipient  ra ts  weighing 
200 g. 

Packed  cell vo lume of no rma l  ra t s  ranged  f rom 47 to 
49%;  those  in t r ans fused  ra t s  were subs tan t ia l ly  50 4- 
3% one day  af ter  t r ans fus ion  and  58 • 4% four days  
later.  An i.v. in ject ion of t e s t  mater ia l s  was given for 
2 days  and  t h e  3rd day  0.5 tzCi 59Fe (ferrouscitrate - 
Rad iochemica l  Centre  England)  was  injected.  1 day  a f te r  
th is  inject ion,  r ad ioac t iv i ty  was  assayed in 2 mt  of whole  
blood w i t h d r a w n  f rom the  h e a r t  of rec ip ient  animals  and  
pe rcen t  RBC 59Fe incorpora t ion  was  calculated 5. 8 
groups  of animals  were t r e a t e d ;  the  1st and  the  2rid 
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Table III. Effect of acellular homogenate and filtrate D on % RBC 
5~ incorporation in polycythelnic mouse 

Group No. Treatment Injected proteins % 
RBC 59Fe incorporated 

mg mean =E SEM 

1 ~ 0.5 ml • 2 saline 0.76 =[z 0.09 
2 0.5 ml • 2 acell, homogenate 40 1.89 2t= 0.55 b 
3 0.25 ml • 2 filtrate D 1 2.39 -b 0,31 o 
4 0.05 IU erythropoietin 2.21 q- 0.18 
5 0.25 IU erythropoietin 21.90 • 4.99 
6 0.90 IU erythropoietin 30,20 • 3.25 

�9 Control mice. up % 0.05. op < 0.01. 

Table IV. Effects of aeellular homogenate and filtrate D obtained 
from washed spleen on % RBC 59Fe incorporation in polyeythemic 
IllOUSe 

Group No. Treatment Injected proteins % 
RBC 59Fe incorporated 

mg mean • SEM 

1 ~ 0.5 ml • 2 saline 0.76 ~= 0.09 
2 0.5 ml x 2 acell, homogenate 8 2.02 • 0.55 b 
3 0.25 ml • 2 filtrate D 1 3,20 =L 1.17 o 
4 0.05 IU erythropoietin 2,21 3= 0.18 

~Control mice. up < 0.05. cp < 0.01. 

g roup  (20 ra ts  each) were used as control ,  including the  
1st no rmal  ra ts  and  the  2nd po lycy themic  rats.  The 
values  3,96 ~ 0.90 for normal  ra ts  and 0.97 J_ 0,11 for 
po lycy themic  ra ts  were obta ined.  The o the r  groups of 
po lycy themic  ra ts  (10 rats  each) were used to  assay the  
act ion of acellular homogena t e  and of the  d i f ferent  
prote ic  p repara t ions  too. The resul ts  ob ta ined  were 
g rouped  in the  r epor ted  out l ine (Table II).  

Po lycy themic  mouse  assay:  the  ex-hipoxic  polycy-  
t hem ic  mouse  assay used in these  s tudies  was made  
according to FISHER'S 6. CF/1 s t ra in female mice 8-10 
weeks  of age and in a weight  range of 22-26 g a t  the  
beg inn ing  of t he  assay were employed.  The mice were 
placed in a hypobar i c  chambe r  a t  0.42 arm. (319 m m  Hg) 
for 2 weeks;  t he  mice r emained  in t he  t a n k  22 h per  day  
and  were r emoved  f rom the  t a n k  2 h each day. Food and 
wa te r  were p rov ided  ad l ib i tum while the  mice were in 
t he  tank .  We have  t r ea t ed  6 groups of po lycy themic  mice 
(6 mice each). The first  was the  contro l  group;  the  o ther  
5 groups  were t r ea t ed  wi th :  1 acellular homogena t e ;  2 
f i l t ra te  D; 3 0.05 I U  of e ry th ropo ie t in  (e ry thropoie t in  
Step 1, Arnold  R Horwell) ;  4 0.25 IU;  5 0.9 IU. These 
subs tances  were in jec ted  s.c. on the  4 th  and  5th d a y  
following the  t a n k  t r e a t m e n t  and 0.5 ~zCi 50Fe were inject-  
ed i.v. 24 h later. 48 h later  each mouse  was weighed and 
bled via cardiac punc ture .  Microhematocr i t s  were de ter -  
mined  (63 ~ 0.93) and 1.0 ml blood counted  for t he  
calculat ion of pe rcen t  RBC 59Fe incorpora t ion  in red  
cells. The results  ob ta ined  are g rouped  in t he  r epor t  
(Table III) .  

Results. As shown in Table  II ,  the  acellular h o m o g e n a t e  
assayed  in doses of 30 mg (p < 0.3) and p ro te ins  13 
(p < 0.4) have  no e ry thropoie t i c  effect. 

I n  the  o the r  groups,  every  in ject ion was followed b y  
an express ive  increase of pe rcen t  RBC 59Fe incorpora t ion .  
Still  i t  appears  t h a t  th is  increase is ev iden t  also if t he  
prote ic  concen t ra t ion  was  progress ively  lowered to  2 mg, 
as the  case of the  f i l t ra te  D. 

The values of Table I I I  show an express ive  increase 
of percen t  IRBC 59Fe incorpora t ion  when  po lycy themic  
mice were given acellular h o m o g e n a t e  and f i l t ra te  D. 
In  par t icu lar  the  admin i s t r a t ion  of 1.0 mg of the  f i l t ra te  
D elicited a s ignif icant  s t imula t ing  effect  on the  ra te  of 
erythropoies is  similar to  t h a t  observed  when  0.05 IU  
e ry th ropoe t in  was  given. We  know t h a t  th is  e ry th ro -  
poiet ic  ac t iv i ty  is jus t  p roduced  by  the  spleen. In  fact  
the  homogena te ,  ob ta ined  f rom spleen t r ea t ed  wi th  
isotonic buffer  p H  7.4 up to whole blood el iminat ion,  
keeps unchanged  its e ry thropoie t i c  act ivi ty .  Simul ta-  
neously  wi th  expe r imen t s  of Table I I I ,  2 groups of mice 
t r ea t ed  wi th  h o m o g e n a t e  f rom washed  spleen were 
t e s t ed  and  the  cor responding  f i l t ra te  D. The resul ts  
show t h a t  the  admin i s t r a t ion  of the  homogena te  (proteic 
concen t ra t ion  = 8.0 mg/ml) or t he  f i l t rate D (proteic 
concen t ra t ion  = 2.0 mg/ml) is followed b y  an express ive  
increase of pe rcen t  R]3C 59Fe incorpora t ion  (Table IV). 

We calcula ted  t h a t  whole ox-spleen,  set  free by  
aponeurosis  and  weighing abou t  600 g in 12-18-month-  
old animals  conta ins  a to ta l  concen t ra t ion  of e ry th -  
ropoiet ic  fac tor  equal  to 16 IU  ery thropoie t in .  This 
s t eady  ac t iv i ty  is normal ly  p roduced  f rom the  spleen and  
it is not  in corre la t ion wi th  any  hypoxic  s t imulus  or 
o the r  condi t ion  able to s t imula te  the  produc t ion  of the  
e ry th ropo ie t i c  factor,  

Summary. The admin i s t r a t ion  of ox-spleen homogena te ,  
w h e t h e r  in ra ts  made  po lycy themic  by  blood t ransfus ion  
or in mice po lycy themic  by  hypoxia ,  elicited a s ignif icant  
s t imula to ry  effect  on the  ra te  of erythropoiesis .  This  
ac t iv i ty  remained  unchanged  even if the  spleen, before 
being homogenized ,  was exhaus t ive ly  washed wi th  
isotonic buffer  p H  7.4 up to the  to ta l  blood el iminat ion.  
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