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E r y t h r o p o i e t i c  R e s p o n s e  to  I s o m e r e s  o f  T r i i o d o t h y r o n i n e  

A l t e r a t i o n  in  t h y r o i d  f u n c t i o n  in f luences  t h e  s y n t h e s i s  
a n d  life s p a n  of t h e  r ed  b lood  cell. A n e m i a  is a consequence  
of t h y r o i d a l  h y p o f u n c t i o n  in  m a n  a n d  e x p e r i m e n t a l  ani-  
mals ,  whe reas  t h y r o i d  h o r m o n e  a d m i n i s t r a t i o n  is cha rac -  
t e r i zed  b y  e r y t h r o p o i e t i c  acce le ra t ion  x, 2. T h e  a u g m e n t a -  
t i on  in  e ry th ropo ies i s  r e su l t i ng  f rom t h e  a d m i n i s t r a t i o n  of 
t h y r o i d  h o r m o n e s  h a s  b e e n  a t t r i b u t e d  to  t h e  ca lor igenic  
p r o p e r t i e s  of t h e  h o r m o n e s  a n d  a r e s u l t a n t  i m b a l a n c e  be-  
t w e e n  t h e  t i ssue  o x y g e n  need  a n d  oxygen  supply .  T h i s  
r eg iona l  h y p o x e m i a  would  r e s u l t  in  e n h a n c e m e n t  of e r y t h -  
ropoiesis .  Howeve r ,  i t  is n o w  genera l ly  a c c e p t e d  t h a t  t h e  
h y p o x i c  s t i m u l u s  t o  e ry th ropo ie s i s  is m e d i a t e d  t h r o u g h  
t h e  a u g m e n t e d  p r o d u c t i o n  of t h e  e r y t h r o p o i e t i c  h o r m o n e ,  
e r y t h r o p o i e t i n ,  b y  t h e  k i d n e y  3. T h e r e  is n o  a g r e e m e n t  as  
to  t h e  role  w h i c h  e r y t h r o p o i e t i n  p l ays  in  t h y r o i d - i n d u c e d  
e r y t h r o p o i e t i e  s f i m u l a t i o n 4 - L  I n  t h e  p r e s e n t  s t u d y  t h e  
c a p a c i t y  of t h e  n e p h r e c t o m i z e d  ra t ,  w h i c h  es sen t i a l ly  is 
u n a b l e  to  e l a b o r a t e  e r y t h r o p o i e t i n ,  t o  r e s p o n d  e r y t h r o -  
po ie t i ca l ly  t o  t h e  a d m i n i s t r a t i o n  of t h y r o i d  h o r m o n e s  was 
assessed.  T h e  role w h i c h  ca lor igenes is  p lays  in  t h i s  s i tua -  
t i o n  was  assessed b y  d e t e r m i n i n g  t h e  e r y t h r o p o i e t i c  re-  
sponse  to  I . - t r i i odo thy ron ine  (LT 3) a n d  i t s  ca lor igenica l ty  
i n a c t i v e  isomere ,  D - t r i i o d o t h y r o n i n e  (DT3)  in  t h e  ne-  
p h r e c t o m i z e d  r a t ,  a n d  in  a n  in v i t r o  r e t i cu l ocy t e  i ncuba -  
t i o n  sys tem.  

F e m a l e  W i s t a r  r a t s  we igh ing  180-200 g were  m a i n t a i n e d  
o n  a r egu la r  l a b o r a t o r y  a n i m a l  d i e t  8 a n d  p r o v i d e d  w a t e r  
a d  l i b i t um.  R a t s  were g iven  in jec t ions  of  25/~g D T  3, L T  3 g 
o r  0.25 ml  of 0 .9% sal ine  so lu t ion  1 a n d  6 h a f t e r  b i l a t e r a l  
n e p h r e c t o m y .  E r y t h r o p o i e s i s  was  assessed b y :  d e t e r m i n a -  
t i o n  of m i c r o h e m a t o c r i t s ,  a n d  m e a s u r e m e n t  of t he  e r y t h r o -  
cy t e  i n c o r p o r a t i o n  of r ad io - i ron  18 h a f t e r  t h e  i.v. i n j ec t i on  
of 1 / , c  SgFe/1 #g  56Fe c i t r a t e  (48 h fol lowing n e p h r e c t o m y ) .  
R a d i o i r o n  p a r t i t i o n  in t h e  spleen,  l i ve r  a n d  b o n e  m a r r o w  
was  also d e t e r m i n e d  x0. 

A d d i t i o n a l  e x p e r i m e n t s  t e s t e d  t h e  effect  of L T 3  a n d  
D T  3 on  t h e  in  v i t r o  i ron  i n c o r p o r a t i o n  b y  re t icu locytes .  
Re t i cu locy tos i s  was  p r o d u c e d  in d o n o r  r a t s  b y  t h e  a d m i n -  
i s t r a t i o n  of a 2 .5% so lu t ion  of ace ty l  p h e n y l h y d r a z i n e  in 
t h e  d r i n k i n g  w a t e r  on  4 cons ecu t i ve  d a y s  fol lowed b y  a 2 
d a y  h i a t u s  a n d  a d m i n i s t r a t i o n  for  a n  a d d i t i o n a l  4 days .  A t  
t h e  end  of t h i s  t i m e  t h e  r a t s  were  e x s a n g u i n a t e d .  A 50% 
red  b lood  cell su spens ion  was  p r e p a r e d  b y  a d d i n g  one  
v o l u m e  of p a c k e d  w a s h e d  e r y t h r o c y t e s  of k n o w n  re t iculo-  
cy t e  c o n c e n t r a t i o n  to  a n  equa l  v o l u m e  of Krebs- lRinger  
P h o s p h a t e  buf fe r  c o n t a i n i n g  glucose a n d  s t r e p t o m y c i n .  
2 ml  of cell suspens ion  were i n c u b a t e d  w i t h  n o r m a l  p l a s m a  
Of k n o w n  i ron  c o n t e n t .  L T  3, D T  3, sa l ine  or  a n  e r y t h r o -  
po ie t i ca l ly  ac t ive  e x t r a c t  of a n e m i c  r a t  p l a s m a  ( ra t  e r y t h -  
ropoie t in )  was  a d d e d  to  r e p r e s e n t a t i v e  i n c u b a t e s .  A pre-  
v ious  r e p o r t  p r e sen t s  t h e  in  v i t r o  p r o c e d u r e  in  d e t a i P  °. 
1Radioiron u p t a k e  of w a s h e d  e r y t h r o c y t e s  was m e a s u r e d  in 
a wel l  c o u n t e r ;  t h e  c o n c e n t r a t i o n  of i ron  was  also de te r -  
mined ,  a n d  t h e  t o t a l  i ron  i n c o r p o r a t i o n  p e r  0.1 ml  of re t ic-  
u locy tes  was  ca lcu la ted .  

I n  v i v o  e x p e r i m e n t s :  T h e  re su l t s  of t h e  18 h R B C  SaFe 
i n c o r p o r a t i o n  are  p r e s e n t e d  in  T a b l e  I .  N e p h r e c t o m y  pro-  
d u c e d  a s l igh t  r e d u c t i o n  in  t h e  R B C  5~Fe i n c o r p o r a t i o n  
d e t e r m i n e d  48 h fo l lowing n e p h r e c t o m y .  T h e  a d m i n i s t r a -  
t i o n  of e i t h e r  L T  3 or  D T  3 p r o d u c e d  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  to  t h e  s a m e  degree  (TaMe I). T h e s e  r e su l t s  sugges t  
t h a t  t h e  n e p h r e c t o m i z e d  r a t  w h i c h  is u n a b l e  to  p r o d u c e  
e r y t h r o p o i e t i n  is c a p a b l e  of r e s p o n d i n g  e r y t h r o p o i e t i c a l l y  
t o  b o t h  t h e  ca lor igen ica l ly  a c t i v e  a n d  t h e  ca lor igen ica l ly  
i n a c t i v e  i someres  of t r i i o d o t h y r o n i n e .  T h e  degree  of re-  
sponse,  however ,  is  n o t  as  g r ea t  as  t h a t  p r o d u c e d  in  a n  in-  
t a c t  r a t .  Th i s  d i f fe rence  m a y  i n d i c a t e  t h a t  t h e  e r y t h r o -  

po ie t ic  r e sponse  to t r i i o d o t h y r o n i n e  is med ia t ed ,  in  p a r t ,  
b y  e r y t h r o p o i e t i n ,  or t h a t  t h e  tox ic  p r o d u c t s  of u r e m i a  
p roduce  a nonspec i f ic  decrease  in e r y t h r o p o i e t i c  response .  
S u p p o r t  for t he  l a t t e r  h y p o t h e s i s  is p r o v i d e d  b y  t h e  d imin -  
i shed  e r y t h r o p o i e t i c  r e sponse  of t h e  n e p h r e c t o m i z e d  r a t  to  
exogenous  e r y t h r o p o i e t i n  ~0. 

I n  v i t r o  e x p e r i m e n t s :  T h e  re su l t s  of i ron  i n c o r p o r a t i o n  
i n to  i n c u b a t e d  re t i cu locy tes  a re  p r e s e n t e d  in  T a b l e  I I .  

Table I. In vivo experiments 

Intact No. % Radioiron incorporation in 18 h 
rats rats HCT RBC Marrow Liver 

Saline 6 44.2.-1=2.2 ~ 22.3=E 2.1 - 2 2 . 3 ~ I . 8  ~ 10.64- 2.3~ 
LT3 8 43.7 4- 3.1 32.1 4- 3.4 18.4-t- 3.0 12.1 -t- 1.9 
DT3 7 45 .1~  1.8 31 .6+  2.9 19 .4±  2.1 14.3 ± 4 . 4  

NX rats 
Saline 8 36.5 4- 1.3 18.7 4- 1.9 20.1 4- 3.6 9.8 4- 3.2 
LT3 8 38.0 ~ 3.4 26.5 4- 2,3 24.7 4- 4.8 12.3 -t- 3.5 
DT3 8 35.4 :h 2.8 23.8 4- 2.9 26.3 4- 3.7 11.3 4- 2.4 

'4- Standard deviation. 

Table II, In vitro rcticuloeyte iron incorporation 

Material added to ttg Fe/1 ml reticulocytes 
incubate 2 h 4 h 6 h 

Saline 0.56 0.79 0.98 
- 0.8i 1.01 
- 0.76 1.00 

0.46 0.70 0.89 
0.32 0.73 0.82 

1.08 1.99 2.01 
1.03 2.03 2.06 
0.99 2.07 2.11 

1.11 1.97 1.99 
1.10 2.10 2.16 
0.96 1.99 2.10 

Erythropoictin 
(1 unit) 

LT3 
(0.1/zglml) 

DT3 
(0,1~g/ml) 
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Re t i cu locy t e s  c o n t i n u e d  to  i n c o r p o r a t e  r ad io i ron  d u r i n g  
t h e  en t i r e  i n c u b a t i o n  period.  A d d i t i o n  of exogenous  r a t  
e r y t h r o p o i e t i n  to  t he  i n c u b a t i o n  m e d i a  d id  no t  p r oduce  
a n y  a l t e r a t i o n  in r e t i cu tocy te  i ron inco rpo ra t ion .  However ,  
t h e  a d d i t i o n  of L T  3 or  D T  3 in c o n c e n t r a t i o n s  of 0.1 # g / m t  
of i n c u b a t i o n  m e d i a  p r o d u c e d  a n  inc rease  in t h e  i ron  in- 
c o r p o r a t i o n  of t h e  re t icu locyte .  B o t h  L T  3 a n d  D T  3 pro-  
duced  s imi la r  increases  in  r e t i cu locy te  i ron inco rpo ra t ion .  
These  resu l t s  i nd i ca t e  t h a t  e r y t h r o p o i e t i n  a n d  t r i iodo-  
t h y r o n i n e  h a v e  d i f f e ren t  m e c h a n i s m s  b y  w h i c h  e r y t h r o -  
poiesis is s t i m u l a t e d .  I n  add i t ion ,  t h e  e r y t h r o p o i e t i c  s t im-  
u l a t i on  p r o d u c e d  b y  LT 3 a n d  i ts  ca lor igenica l ly  i n a c t i v e  
d e x t r o i s o m e r e  was  s imilar .  

ZusammenJassung. V e r a b r e i c h u n g  yon  I)-, wie a u c h  yon  
L-Tr i iodo thy ros in  e rzeug t  e ine ~ihntiche V e r m e h r u n g  de r  
E r y t h r o p o i e s i s  in n e p h r o e k t o m i e r t e n  R a t t e n ,  wie bei de r  

Messung  de r  R a d i o e i s e n i n k o r p o r a t i o n  d u r c h  E r y t h r o z y t e n  
(18 h n a c h  I n j e k t i o n  von  r a d i o a k t i v e m  E i senc i t r a t ) .  Es  er- 
gab  s ich wel ter ,  dass  D- u n d  L-Thyros in ,  im U n t e r s c h i e d  zu 
E r y t h r o p o i e t e n ,  die r e t i cu lozy tose  E i s e n a s s i m i l a t i o n  in 
v i t r o  v e r m e h r t e .  D a n a c h  s c h e i n e n  ve r s ch i edene  Mechan is -  
m e n  bei  de r  S t i m u l a t i o n  de r  E r y t h r o p o i e s i s  d u r c h  E r y t h r o -  
po ie t en  u n d  T r i i o d o t h y r o n i n  im Spiete zu sein. 

I{. M. DONATI, M.E .  JOHNSON, C.A. STANCER 
a n d  LW.  R. STROMBERG 

Department o/ Radiation Biology, 
Division o/ Nuclear Medicine, 
Walter Reed ,4 rmy Institute o] Research, 
Walter Reed Army Medical Center, 
Washington (D.C. 20012, USA), 8 December 1967. 

The  E f f e c t  of  N i c k e l  Chloride on the P e r m e a b i l i t y  

Accord ing  to  t he  o b s e r v a t i o n  of EttRLICH in 1885 t cer- 
t a i n  an i l ine  dyes  do n o t  p e n e t r a t e  in to  t h e  ne r vous  sys tem,  
a l t h o u g h  t h e y  s t a in  o t h e r  o rgans  of t h e  o rgan i sm.  Th i s  
o b s e r v a t i o n  was t h e  basis  of t he  b l o o d - b r a i n  b a r r i e r  the-  
ory.  A t  p resen t ,  t he  b l o o d - b r a i n  ba r r i e r  is cons ide red  to  be  
a m u l t i p l e x  m e c h a n i s m  r e g u l a t i n g  t h e  e x c h a n g e  of c e r t a i n  
m e t a b o l i t e s  b y  dec reas ing  or  e n h a n c i n g  t r a n s p o r t  be t w een  
b lood vessels  a n d  b r a i n  t i s sue  2-4. D i f f e ren t  e x p e r i m e n t a l  
or pa tho log ica l  effects  m a y  cause  a se lec t ive  d a m a g e  in 
some func t i ons  of t h e  ba r r i e r  5. 

E l e c t r o n  microscopic  i n v e s t i g a t i o n s  h a v e  s h o w n  6, 7 t h a t  
t he  c y t o p l a s m  of t h e  e n d o t h e l i a l  cells of t h e  capi l lar ies  in  
the  cen t r a l  ne rvous  s y s t e m  is c o n t i n u o u s  (not  f enes t r a t ed )  
a n d  s u r r o u n d e d  b y  a well  deve loped  b a s e m e n t  m e m b r a n e .  
B e t w e e n  t he  l ayers  of t h e  b a s e m e n t  m e m b r a n e ,  pe r i cy te s  
a n d  t h e i r  processes  a re  localized.  E x t e r n a l l y ,  glial  end  feet  
a d h e r e  to  t h e  capi l lar ies .  T h e  e lec t ron  h i s t o c h e m i c a l  in-  
v e s t i g a t i o n s  of TORACK a n d  BARRNETT 8 i n d i c a t e  t h a t  
t h e r e  is a 5-nucleoside  p h o s p h a t a s e  a c t i v i t y  in  t h e  glial  
e l e m e n t s  a n d  t h e  b a s e m e n t  m e m b r a n e .  I n  o t h e r  o rgans  
a n d  in capi l lar ies  of b r a i n  areas  no t  p r o t e c t e d  b y  t he  
b a r r i e r  (choroid plexus,  a rea  pos t r ema) ,  nucleos id  phos-  
p h a t a s e  a c t i v i t y  can  be  found  in t he  p i n o c y t o t i c  vesicles of 
t he  endo the l i a l  c y t o p l a s m  9. 

I n  th i s  p a p e r  t he  ques t i on  will be  dea l t  w i t h  w h e t h e r  
t h e r e  is a co r r e l a t i on  b e t w e e n  t he  u l t r a s t r u c t u r a l  localiza-  
t ions  of 5-nucleoside  p h o s p h a t a s e  in b r a i n  capi l la r ies  a n d  
t he  p e r m e a b i l i t y  of t h e  h a e m a t o e n c e p h a l i c  b a r r i e r . A l t e r a -  
t i ons  in t h e  p e r m e a b i l i t y  of t h e  b l o o d - b r a i n  b a r r i e r  were  
s t ud i ed  a f t e r  specific i n h i b i t i o n  of nuc leos id  p h o s p h a t a s e .  

Our  s tud ies  were  p e r f o r m e d  on a l b i n o  r a t s  we igh ing  
150-250 g. F o r  t h e  specific i n h i b i t i o n  of t he  5-nucleoside  
p h o s p h a t a s e ,  t h e  nickel  ch lor ide  i n h i b i t i o n  t e c h n i q u e  de-  
sc r ibed  b y  KAYE 1° was  used. 0.025 g /kg  a n d  0.5 g /kg  
nickel  ch lor ide  was a d m i n i s t e r e d  i.p. to  25 ra ts .  Subse-  
quen t ly ,  5 - 2 0 - 6 0  m i n  or 2 - 5 - 1 0  h, respec t ive ly ,  2-5  ml  of 
1% t r y p a n e  blue  (in phys io log ica l  saline) as ba r r i e r  t e s t  
m a t e r i a l  was  in j ec t ed  in to  t h e  ta i l  ve in  of t h e  an imals .  The  
a n i m a l s  were d e c a p i t a t e d  a f t e r  5 - 1 0 - 2 0  min,  a n d  20 # 
t h i c k  p a r a s a g i t t a l  sec t ions  were  o b t a i n e d  f rom t h e  v e r m i s  
of t h e  ce rebe l lum b y  m e a n s  of a k r y o s t a t e  ( type  Mirk6z) .  
T h e  d i s t r i b u t i o n  of t h e  dye  was  e x a m i n e d  b y  t h e  f luores-  
c en t  m e t h o d  of HAMBERGER a n d  HAMBERGER 11. T h e  sec- 
t ions  were  e m b e d d e d  in E n t e l l a n  a n d  e x a m i n e d  w i t h  a 
Zeiss f luorescence  microscope,  us ing  a h i g h  pressure  mer-  
cu ry  v a p o r  l a m p  a n d  BCr-12  a n d  OG1 fi l ters.  

of the B l o o d - B r a i n  Barr ier  

Fol lowing  a n  i.v. i n j ec t ion  of t r y p a n e  blue,  a wide r a n g e  
of capi l lar ies  can  be  seen u n d e r  t he  f luorescence micro-  
scope (F igure  1). I n  t he  course  of f luo rescen t  e x a m i n a t i o n s  
p e r f o r m e d  30 min  a f t e r  t he  a d m i n i s t r a t i o n  of 0.15 g /kg  
nickel  chlor ide ,  i t  was  s t r i k ing  t h a t  t h e  t r y p a n e  b lue  
showing  a c h a r a c t e r i s t i c  r ed  f luorescence  l eaked  o u t  of t h e  
capi l lar ies ,  r e s u l t i n g  in a n  i n t e n s i v e  r ed  p e r i v a s c n l a r  flu- 
orescence.  L a t e r  t h e  l eakage  of t h e  dye  inc reased  cons ider -  
abely ,  t h u s  20, 120 ra in  a f t e r  t h e  a d m i n i s t r a t i o n ,  t h e  fluo- 
r e s cen t  dye  e x u d e d  f rom m o s t  of t h e  capi l lar ies  a n d  dif- 
fused  p r o f o u n d l y  in to  t h e  ce rebra l  t i s sue  (Figures  2 a n d  3). 
However ,  i n sp i t e  of t h e  e n z y m e  inh ib i t i on ,  t h e  dye  d id  n o t  
leak o u t  of a few capi l lar ies  even  a t  t h i s  s tage.  T r y p a n e  
b lue  in j ec t ed  6 -10  h a f t e r  a d m i n i s t r a t i o n  of nickel  ch lor ide  
could  a lways  be  d e t e c t e d  w i t h i n  t he  v a s c u l a r  bed.  

Our  resu l t s  con f i rm  the  i nves t i ga t i ons  of TORACK a n d  
BARRNETT ~ acco rd ing  to  wh ich  5-nucleoside  p h o s p h a t a s e  
p lays  a n d  i m p o r t a n t  role in  t h e  r e g u l a t i o n  of t h e  p e r m e a -  
b i l i ty  c o n d i t i o n s  in  t h e  capi l lar ies  of t h e  cen t r a l  n e r v o u s  
sys t em.  Accord ing  to  t h e  a b o v e  au tho r s ,  in  t h e  capi l lar ies  
of t h e  b r a i n  a reas  p r o t e c t e d  b y  t h e  h e m a t o e n c e p h a l i c  
bar r ie r ,  5-nucleoside  p h o s p h a t a s e  is no t  local ized in t he  
c y t o p l a s m  of t h e  endo the l i a l  cells, b u t  in  t h e  b a s e m e n t  
m e m b r a n e  a n d  in glial e lements .  On t h e  bas is  of t h e  locali-  
za t ion  of t he  5-nucleoside p h o s p h a t a s e  in  t he  b a s e m e n t  
m e m b r a n e  a n d  in glial end  feet,  BARRNETT 12 assumes  t h a t  
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