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STUDIE3 OF "FIE HW.IOLY 'IC 3FFPIZT OF itzuLITI.oN 
, w 

.* 'Samuel Schwertz, Elrrins J. iLats ,  L i l l i e  Mae Por t e r ,  
Leon E. Jecobaon, end C e o i l  James :Vatson* 

Evidence  is presented indicating thak b u t h  acute  and 
ch ron ic  r a d i a t i o n  anemia are due i n  part t o  a hemolytic re- 
a c t i o n ,  and n o t  solely t r z  an i n h i b i t i o n  of  a J r y t h r o p o i e t f c  
n c t i v i t y  a s  has been assmed by most investfgators, 

The hemodyft? concept f a  b;.i:md on the  fo l . l uwing  evidence 
%aken f r o m  a s u r v e y  of t:ie litez-uture as well ns f rom o u r  own 
cxper imenta l  s tud ies ;  (i) The zed c e l l  count  i n  human and 
rinimal s u b j e c t s  may f a l l  dt a r n t e  thrit is f a s t e r  than  con  
h e  a c c o u n t e d  for by assuining e v ~ n  100 oer  cent inhibitioo 
of erythropoiesis, ( 2 )  The red cell c m n t  may dacline a t  
a time when the reticulocyte c o u n t  is t ic tual ly  elevated., 
( 3 )  H i s t o l o g i c a l  e v i d e n 2 e  o f  iucrei lsed red cell destruction 
has been demonntrntad r e p e a t e d l y ,  ( 4 )  The  bone marrow of 
humans t h a t  have anemia due to chronic radium p o f s o n i n g  is 
t y p i c a l l y  hyporplast ic ,  n o t  a p l a s t i c ,  ( 5 )  Inc reased  b i l e  
pigment e x c r e t i o n  h a s  be2# shown t o  occur following a d m i n i s t r a -  
t i o n  of l a r g e  d o s e s  uf P or t o t a l  body X r ag ,  

l m a t u r e  c e l l s  I n  Increci:: 1?5 -:mounts. Hare s t u d i e s  of human 
a u b j e c t s  a r e  r o G u i r e d  to evtlluate the l m p o r t n n c e  Df, thti.8 
hemolytic f a c t o r ,  S p e C h l  n t t e r i t i o n  i n  these s t u d i e s  should 
he g iven  t o  bile pigment e x c r e t l o n  and ret i -cu3-ocyte  measurernehta, 

Excesslve irrudiatlon appears  t u  d e s t r c y  b o t h  rnriture and 

* This investigation w a s  aided by a grmt from the Rockefeller 
Foundation for madioal reseurch. 



Samuel :3chwartz, E l a i n e  J, Zatz, L i l l i e  Xae P o r t e r ,  
Leon ( I  Jacobson, and Cecll ,James *utsonf 

1,. l n t r o d c c t i o n  ---.-- 

D e s p i t e  c o n s i d e r a b l e  s t u d y  of  t h e  hamato logica l  effects 

of rud i i . t t i on  t he re  is s t i l l  l i t t l e  fundamental information 

s v a i l a b l e  3n the n a t u i e  of  rad ic i t ion  anemia, e s p e c i a l l y  a s  

regards t h e  r e l a t ive  importance of' h e m o l y t i c  and regenerat ive 

f a c t o r s , ,  'Chis has  been due c h i o f l g  t o  t h e  f a c t  that the  i n -  

vestigative t o o l s  used b e r e t o l o r e  have been limited l a r g e l y  

to r o u t i n e  s t ,udies  of the periFllere.1 b l o o d ,  This h a s  tended 

to yield c7 r e l a t i v e l y  s t a t i c  p l c t u r e  t h ~ t  is m r e l y  t h e  end 

result o f  u r r m b n r  of f nc to rb :  Y ~ I C ~  u s  t h e  ro t e  o f  p r o d u c t i o n , ,  

release f r o m  the bona murrow, cirid l i f e  s p u n  o f  the red b l o o d  

cells S t u d i e s  c o r r e l a t i n g  bona marrow uud p e r i p h e r a l  b l o o d  

finiings R r e  feVvD and b i o c h f i m i c n l  I n v e s t i p t i u n s  o f  r e d  call 

# 

d e s t r u c t i o n  h a v e ,  t o  our knowleflge, not. b-en d e s c r i b e d ,  Even 

r e t i c u l o c y t e  meaourement.s have been r e p o r t s d  in only rare 

i n s t ances , ,  

Xu a reyievv of the l i t e r a t u r e  up t o  1943, Cantril e t  a1 (1) 

poj.nted u u f  t h a t  m o s t  i n v e s t i g a t o r s  be.Lievt3d that the  anemias 

n p p s u f i n 6 :  b a t h  in himans tirid i n  u x p a r f m e n t R l  a n i m a l s  f o l l o w -  

i n g  a d r n i n i s t r n t j . c n  of either a x t o r m l  o r  i n t e r n a l  r a d i a t i o n  

n l -e  d u e  t,c, suppression of  *;!\e orythropoiekic 3ystam, 3r t o  

u b n o r a a l i t i e s  Df' regensration< a w i n g  the p r e c e d i n g  e ightken  

0 0 2 4 3 1 8  . 
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yea r s ,  Martland 1 2 - 7 )  r epea ted ly  spoke of exhaustion of the 

bone marrow due t o  chronio radium poisoning ( d e a p i t e  his own 

oons i s t en t  evidenoe t o  the cont ra ry ,  as  noted below) and more 

recently Reinhard e t  a1(8) l a  an exoellent study and review 

o r  the , t he rapeu t io  uses o r  F~~ i n '  d i s e a s e s  or t h e  hemopoietio 

system s t a t e d  tha t  "Radioactive phosphorus e x e r t s  i t 8  ther- 

, 

apeu t io  affeot, a6 does x-rad ia t ion ,  by slowing the  r a t e  of 

erythrooytogeneeis ,  S h o e p  however, mention is made neither 

of r e t i o u l o c y t e  oounts o r  bone marrow s t u d i e s  t o  i n d i o a t e  

the "rate  of erythrocytogenesls" ,  nor o r  b i l e  pigment exore t ion  

s t u d i e s  t o  i n d l a a t e  the rate of r e d . o e l 1  des t ruo t lon ,  thie 

statement  m u s t  r e s t  on incomplete evidenceo 

While It  l e  crbvious t h a t  suppression or e r y t h r o p o i e s i s  

ocours following admin i s t r a t ion  o f  o e r t a i n  types  and doses o f  

r a d i a t i o n  and may result  i n  extreme aplasia of the  e ry thro id  

element8 i n  the bone marrow'g), I t  appeam equa l ly  obvious 

t h a t  r a d i a t i o n  anemia oanaot be due t o  i n h i b i t i o n  of 

e r y t h r o p o i e s i s  alone; a hemolytio oomponent* must p l a y  a 

v a r i a b l e  and o f t e n  a r u o l a l  role i n  the development of both 

aoute  and ohronio r a d i a t i o n  anemia, Evidenoe for t h i s  

assumption is threefold, viso, h i s t o l o g i c a l ,  mathematical and 

bioohemioal, as will appear i n  t h e  fol lowing,  

l o 1  H i S t O l O R l U a l  stqgies 

( a )  Bone Marrow E i s t o l o m  i n  Chronio Radium Poison- 

* In t h e  p re sen t  r e p o r t  the  t e r m  "hemolyeis" i s  uaed t o  In- 
d i o a t e  a l l  types of red oell d e 8 t r ~ o t h n ,  regardless of 
t h e i r  na tu ra ,  

0024319 
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S t u d i e s  of red cell metabolism probnbly  h&, heen rnos't 

impor t a r i t  in humans w i t h  chronic radium poisonin $ s i n c e  anemia 

has been the  most consistent c l i n i c a l  f e a t u r e  ol":ithis disease  

aa well as t h e  usual cause of d e a t h ,  Because o t h o r  r a d i a t i o n  

j! 
emitters, now a v a i l a b l e ,  may be expected t o  act slmi:arlg, 

and because the confusion regarding r a d i a t i o n  uneida i s  s o  

well exemplified by the literature on r ad ium poisoning,  

this s u b j e c t  w i l l  be d e a l t  with i:ifre i n  greatest  d e t a i l ,  The 

reports by Martland, e s p e c i a l l y ,  w i l l  be c o n s i d e r e d  s i n c e  

h i s  s t u d i e s  have been most  ex tens ive  and, i n  genern1,most 

va luab le  

Martland has  described h5 . s to log ica l  changes :In the bone 

mirrow o f  six individuals i n  t h e  dial p?inting iuc:ustry who 

d i e d  of c h r o n l c  r ad ium poisoning, In t h e  first cnse ( 2 )  

he found t h a t ,  "There WQS entire replacement  o f  the f a t t y  

marrow of the femur by a c t i v e l y  regenerating t;issus, a 

marrow h y p e r p l a s i a  of t he  m e g  1 o b l e . s t i c  t ype , "*  Ea also 

observed . t h a t ,  "The s p l e e n  showed, . d i f f u s e  f i b r c s i s  and 

slight increase  in hemosiderin pigment o ' '  B e f o r e  d e a t h  

p e r i p h e r a l  blood s tudy  i n  t h i s  patient showed a hemoglobin 

value o f  20 p e r  cent  and r e d  b lood  coun t  o r  1,G64,000, 

In t h e  second case ( 3 )  Martland r e p o r t e d  that ,, "Flecropsy 

showed an i n t e n s e  replacement of normal adult f a t t y  marrow 

by a rad r egene ra t ing  bone marrow.. Histologically, t h e  

marrow was c h a r a c t e r i z e d  by a n  enormous number of nuc lea t ed  

r e d  c e l l a ,  normoblasts and megaloblasts wllich showed a re ' 

T ' T k T Z t E G ? - ' N b t h e r - - c e r r e  t r u e  meg;i"l'i36lasG, 
0 3 '  m 3 r e l y  lar,se c e l l s .  
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generat1 on of the mega lob la s t i c  type,, ** 

o f  20 p e r  c e n t  and a red blood c e l l  count o f  364,000 were 

H hemoglobin v a l u e  
J 

p r e v i o u s l y  r e p o r t e d  before the dea th  of t h e  p a t i e n t  (2) 

The t h i r d  c a s e ,  reported by Reiter and R;nrtlaridt4), 

also showed a b r i g h t  red marrow nad a marked ery- 

t h r o b l a s t i c  regenera t ion ,  The marrorJ c o n s i s t s  a lmost  en.. 

t i r e l y  of  g r o u p s  o f  c l o s e l y  packed e r y t h r o c y t e s  i n  which 

can be fourid many n o r m o b l a s t s  uxid a few m e g a l ~ b l a s t ~ s , ,  

Cans iderab le  hemosiderin pigment i s  present  i,n 

I n  h i s  fourth a u t o p s y  r e p o r t  ( 4 )  Marblond des0:ribed a 

" regene rn t ive  leucopenic  anemia o f  the megaloblastic t y p e  " 
Similar f i n d i n g s  .*ere t i l s0  desc r ibed  i n  this final z e p o r t  (7) 

in which Martland n o t e d  t h a t ,  "The general architecture, 

s t r u c t u r e  and landmarks were entirely obscured b y  the ex-  

treme h y p e r p l a s i a ,  wi th  a packing of immnture  and primitive 

c e l l s  Li 

Mart1and"s evidence then?ftv:sd c o n s i s t e n t l y  i : i d i c o t e d  

ht)l&tened erythropoietic a c t i v i t y  o f  the  bone marrow i n  

f a t a l  radium poisoning i n  humans, D e s p i t e  t h i s  ev. ldence,  

however, he concluded a f t e r  his first case t h a t ,  "There i s  

a s tage  o f  stimulation followed later by sudden exhaust ion of 

the e r y t h r o b l a s t i c  c e n t e r s  with production o f  a rapid f a t a l  

anemia, Of his second case (before tho p a t i e n t p  s d e a t h )  

he sa id ,  ''It is due  t o  e x h a u s t t a n  of  t h o  b l o o d  forming 

centerb, . and even after necropsy  e x m i n a t i o n  showed the  

",, . i n t e n s e  rep lacement ,  c, by a red regenera t ing  bone  
0 
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marrow". TIe e a i d  of the i r r a d i a t i o n  that i t ,  "...may go on 

f o r  years before t he  c e n t e r s  a r e  f i n a l l y  exhauated". This 
e 

hypothetical "exhaustion" of the  blood forming c e n t e r s  was 

aleo nentioned in the diSCU8aiOn of h i a  later c a s e s o  

Martland waa aware of t h i s  con t r ad ic t ion  and pointed 

out  In his 1929 review of the s u b j e c t ( 6 )  that, "The OCCUP.. 

Fence of th i s  appa ren t ly  hype rp la s t i c  marrow 1 8 8  puzzl ing 

since, here to fo re  i n  the  r e p o r t  of anemias due t o  undue 

exposiire to x-ray and g u . m  r a d i a t i o n  from r ad ioac t ive  

subatances they have usually been descr ibed as distinctly 

aplaatic i n  type ,  As in p r a c t i c a l l y  none of these case8 

was necropsy performed or study of the bone narrow made, 

t h i s  conception is pure ly  a c l l n l c a l  one and may not a l -  

ways be a u b s t a n t i a t e d  by the f a c t s  as w% know them." 

Martland r epea ted ly  poln ta  out that the anemia i a  not; 

a hemolytic one a lnce  the i c t e r u a  index I s  normal and hem>- 

a i d e r i n  d e p o s i t s  a r e  no t  incraaaed a8 much a8 i n  pern ic io l la  

anemia. Obviously, however, theee criteria are i n a u f f i o i a n t  

for r u l i n g  out the preaence of a chronic  hemolytic anemia, 

slnoe the l a t t e r  may be asaoc la ted  with a Iiormal i c t e r u s  

index if l i v e r  function is adequate (101, tmd- aImtLmntia1 . 

of some increase i n  eplenic  and m a r r o w  hamosiderh is mado 

i n  a few of the d e t a i l e d  reports, a a  noted above, 

A similar f ind ing  of a h y p e r p l a s t i c  bone narrow in a 

human w i t h  chronic  radium polsonfng has been repor ted  by 

Get t ler  and N o r r i a  On the other  hand, w e  are not  

0024382 
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familiar ; J l t h  m y  e lea r  c u t  evidence of  generu l ized  bone 

marrow oxhaustion i n  chronic radium poisoning in humans, 

Flynn's negative report of one case (12) s t a t r i d  only  t h a t ,  

"The bone marrow preaented the same general condition as 

is found i n  benzol  po i son ing , "  This statement is ambiguous 

s i n c e  the  bone marrow in benzol p o i s o n i n g  may be e l the r  

, Neither  is the extent  cf the hypo- or h y p e r p l 9 s t i c  f13) 

post-mortem eiam).nation Lniiiccited by this author,, It may be + 
concluded therefore t h a t  the typical. bone marrow i n  this con. 

d i t i o a  is n o t  exhausted; i t  is a c t u a l l y  h y p e r a c t i v e ,  us  one 

would expect Lt t o  be,  f o r  e x a m p l e ,  i n  capes o f  c h r o n i c  hemo- 

lytic anem.ia, It  is a l s o  very  similar to the hyperplastic 
Y 

marrow d e s c r i b e d  in dogs  aith e x p e r i m e n t e l  anemia due t o  

There are few p u b l i s h e d  s$udies  on the I~ematc1.ogicel 

and h i s t o l o g i c a l  f i n d i n g s  i n  rttdium p o i s o h l n g  € n  a x p 6 r h e n t a l  

y i rha l s ,  Even where adequeite studies hFive been madn, it s h o u l d  

b e  po lntod  o u t  t h a t  the doses edminia te red  were v a s t l y  greater 

than tho::e found in$cases of  h u m  radium p o i s o n i n g ,  T h i s  is 

e s p e c i a l l y  important since ap la s i a  of the bone  marr9w is 

? 

t 
c o m o n l y  associated w i t h  a c u t e l y  l e t h a l  d o s e s  o f  b o t h  e x t e r n a l  e I 

and i n t e r n a l  r a d i a t i o n ,  whereas' normal  e r y t h r o p o i e s i s  o r  h y p e r -  

p l a s i a  i s  a s s o c i a t e d  Nith chron ic  'low doaes  o f  radiation such  

as hvere found  i n  t h e  human p a t i e n t s  (9) 

Thomas and b rune r  (15) gave n t o t a l  o f  40 t o  60 n i c ' r o -  

grams o f  radium c i i lor ide  s u b c u t a n e o u s l y  t o  four fernqle ra te  
. I  

. 



. -%--+n 

.n, , 
3 ,  

over 8, per iod  of 117 t o  191 days, Pout-mobtern examinntion : 

showed t h a t ,  "In a l l  cascs, approximately the ruiddla two- 

L t h i r d s  o f  the s h a f t s  of the long bones conta ined  a hyper .  

plastic marrow in which the fat c e l l s  were c o m p l e t e l y  re- 

placed by the red marrow, ~180, i n  all cases ,  an  aplastic 

marrow was found i n  t h e  e x t r e m i t i e s  of  a l l  the l o n g  bones,  

i n  t h e  vei-tebrae, and maadlbles,  and the illii of tho i n -  

j e c t e d  rats," The authors p o i n t  out t h a t ,  "The g r e a t e r  

concentrabion o f  radium i n  t h e  ends o f  t h e  bone accounts 

for the e a r l i e r  destruction of the  marrow at these p o i n t s , "  

s t u d i e d  t h e  e f f e c t s  o f  b o t h  (16) Sabin and co-worker8 

radium and mesothorium in rabbits, In one of' t h e  r a b b i t s  

that developed an acute anemia these auChors  n o t e d  that, 

"The signs were of  a p e r i p h e r a l  destruction o f  red c e l l s ;  

marked fragaentation of these c e l l s ,  as seen i n  the s u p r a .  

v i t a l  p r e p a r a t i o n s  and the extreme increase  i n  i ror i -con-  

taining pikment  in s p l e e n  and bone marrow seen  i n  s e c t i o n s , "  

Scattered a r e a s  o f  aplasia were noted in the bone ma:?row, 

fed u t o t a l  o f  100 micrograms of r a d -  ( 17 1 D u n l a p  e t  a1 

ium c h l o r i d a  t o  13 rats o v e r  a 20 day p e r i o d ,  Only ',ne 
. animal developed a severe anemia, Extensive h y p o p l a s i a  o f  

the bone marrow was found in a l l  snimals, Abundant hemo- 

nlderin deposits were found i n  both spleen and born marrow, 
' 

( b )  ErgthrophaBocytosis Following Acute Radiation Ex- 

Helnicke l.n 1905 (18) pointed out the  occurrence of 

- 
posure ,  

red c e l l  aestruction i n  rabbit bone marrow a b o u t  48 hours 
0 

after n c u t e  x-ray exposure,  Increased piwentation in the  

0024384 



b l e  d e t a i l  el 

n reviewed,  B general problem or 

, by Selling and 

t h e  life spun of t.he 

r e d , b l o o d  cella, most  i n v e s t 1  

o r  @nus 30 days 

i t  is obvious  that complete 

his figure to be correct, 

of  ery t h r o p o i e  s is a1  one 

(or hemoglobin)  per day, He 

t r a p i d  developwen% 

L .  *l.... . 

.) .. ntitative s tudies  

9 that m i g h t  

1 destruction, 
. ’  

IR a s t u d y  of the  e f r e c  i a t i o n  OA ca ts ,  , / r i g h t  1 ,’ 

th fatal doaea, a mar 

‘ anemia -usual ly  develops severa e fore  death, That‘: 

c 

his may be due tu hemolys i  t ed  by t h e  greenish . 

eg a p o a i t i v e  Fouche 

Berm f o r  b i L  

4 :  



ted t o t t i l  urine pigment 

i k e  Hellmeyer  

This was interpreted as 

e quantitative i n t e r -  

urobilinogen eacretion in r o  ven 200 t o  300 r t o t a l  

on eqcretion of urinary bili 

i n d i c a t e d  t h e  presence  of a 

iation, These studies, thou expanded in t h e  pre- 
A &at r g p o r t  are st i l l  t o  bed 

n a t u r e ,  As auch, t h e y  requi 

especlally in human subjects 

irradiated dogs 

r e a c t i o n  following irrad- 

only  e x p l o r a t o r y  i n  

, (a) H u n  Studies, S t u d i e s  have been nede o f  t h e  , *  , 

I _  

e f f e c t  of P32 on hemoglobin locytas In  seven 

with polycytheml 

tudied at the Unl 

oapi  t a l i z e d  ; hence 

d to t h i a  one pa 

- patient6 atudie 

I n  on ly  one case . 

innesota, was the 

ent e x c r e t i o n  s t u d  

h e r  aubJects w e , r  

ology c l i n d o  o r  

, *  

# '  

I 

U n i v e r s i t y  o f  Chicago, 

rj 
I 
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1 
The'Y32 was adminiatered orally iri d i v i d e d  d o s e 8  i n  

In  the l a t t e r  cases i t  was given 
. I ,  

all but two  instances, . .  

i n t  rweaously 
. -  **;. .< * 

I ,  * 2 , -  .~ 
v ,  

( P a t i e n t s  wi th .  anemia due t% chronic radium 'poisonin@r 

tudy Fecal  urobi lhagan I *  

have not been a v a i l a b l e  t o  u 

excretion was found to be no one individual with 
! - 

c, 

minor bone changes but  no an Var ious  r a d i o a c t i v i t y  { 

meaaurements indicated a toea content  o f  2,2 nicro- 

grams of  radium in this p a t i e  m i e t  be po in ted  out i n  
t h i s  regard that p a t i e n t s  wit6 s o - c a l l e d  aplastic or re- 

fractory anemia o f  unknown 'etiology:, have o f t e n  been found 

1 

,- - %  

1 .  

.% 

-7 
(10) to have c m s i d e r a b l e  in 

urab i l inoge n ) 

s in excretion o f  feca l  

( b )  Animal Studies ,  Th on hemoglobin metabo l i sm 
/- - 2 -  

: ' I  > :  
of both Single and multiple doses 'of t o t a l  body. irradiation 

1 ,  

8.  

was s t u d i e d  'in mongrel  dogab The technique of l r r a d d a t i o n  

is, deacribed elsewhere { 3 6 ) ~ ~  

The animala were kept in metabolism cages suitable for 

the separate collection of urine and feces. The urine 'was 

combined i n  consecutive o m  t y periods, the lo 

periods being used during the stages. Tihe feco 

were airnilarly combined fn, thre s i x  day p e r i o d s ,  

The dogs were f e d  comer 

g e n e r a l l y  suppLemnted wit 

Most 6r t h e  animals wore c 

at one" or two t i m e s  w e - e ~ y ,  
I 

studie?, i n  o t h e r  
. 4 '  

- 

. , .- II 
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r e s p e c t s  by members of the Biology Section whose r e p o r t s  

may be found elvewhere in t h i s  .volume ( 37, 38, 39), 

L 

2,2 Analytical Procedures. 

(a) a o u t i n e  hematology s t u d i e s  included hemoglobin, 

red blood c e l l ,  hematocrit, and r e t i c u l o c y t e  c o u n t a ,  These 

are repor t ed  i n  mu.w d o t a i l  elsewhere ' (37* 38, 39) 

( b )  Bile pigment e x c r e t i o n  s t u d i e s ,  These s t ~ ! d i e s ,  

It is generally ogreed, y i e l d  t he  most r e l i ab le  i d e x  of 

the rate o f  hemoglobin d e s t r u c t i o n ,  

(1) Excretion of  f e c a l  u r o b i l f n o g e n  wna deter- 

mined i n  b o t h  dog  and human s u b j e c t s  by us ing  

,Jatsonqa method of a n a l y s i s  0 

( 2 )  B i l i r u b i n  excretion was q u n n t i t a t 9 d  i n  dog 

urine employing the method of Mal loy  and  Evelyn  

as descr ibed  o r i g i n a l l y  f o r  serum ( 4 ; - 1  

were t a k e n  a f t e r  15 minutes and aga in  a f t e r  t h e  

a d d i t i o n  o f  a l c o h o l ,  Because of the known low 

r ena l  t h r e s h o l d  f o r  b i l i r u b i n  i n  ~Zrgs ' ~ ~ ' 1  a 

cons iderab le  portion o f  the total b i l e  pigment 

may be excreted In t he  u r i n e  i n  these animals, 

( c )  Rad cell - protoporehyr in  s t u d i e a ,  were done be- 

( 4 0 )  

Readings 

cause of r e p o r t s  that t h i s  substance 13 s i g n i f i c e r l t l y  a l -  

tered i n  hypochromic nnd i n f e c t i o u s  &nemia (*3s, 44) The 

. 

method o f  G r i n s t o i n  and Watson wus used (45), 

a 



, .  

ACT MAfERlAL REMOVED 

3, E x D e r i w  t a l  

3 , l  The E f f e u t  of P32 on HemoRloblq Metabolinm in P a t -  

ients with Polsaythemja nubra Vera2 

Case I (-I3 A forty-s ix  year  old whlte female re-  

a e i v e d  a t o t a l  of 19,8 no of P3' from Ootober,' 1944 to June,  1945, 

Ten mo of t h i s  amount was administered htravenous ly  OKA June 9 

and 11, 1985, Her hemoglobln on June 12 Waf3 l6,Z krams per a e n t ,  

By July 31 i t  had f a l l e n  t o  12,3 with R red oount of 5,7 million. 

Twenty-eight days later it wae R , 6  grams,, and hy October 2 had 

oome down t o  6,7 gram8 with a red oount of Z 0 6 6  milliono Un- 

fortunately no r e t i a u l o o y t e  determination8 were done u n t i l  

September 27, 

from 3,6 t o  8,s per c e n t ,  

From this da te  u n t J l  October 13 the  l a t t e r  ranged 

D u r i n g  t h i s  period f e o a l  urobilinogen 

e x c r e t i o n  waa t w o  t o  t h r e e  time8 above normal, The bone marrow 

(b iopsy )  exh ib i t ed  a marked normoblaatio hgpf3rplRSi60 

s t u d i e s  are plotted i n  Figure 1, 

P e r t i n e n t  

Prom the above data i t  i s  o b v i o u s  t h a t  the patient d e v e l o p e d  

a hemolytio anemia fo l lowing  the final P3' a d a i e i s t p r a t i o n o  T h i s  

18 shown by t h e  e leva ted  feoal urobi l inogen exaretion as  w e l l  as 

by the rapid f a l l  i n  hemoglobin ooacent ra t ion  d e s p i t e  an elevated 
I 

r e t i o u l o o y t e  count 

period of study, 

No blood t ransf  usion8 were g i v e n  during the 

Cases II to IV, Hemoglobin end r e t l o u l o c y t e  s t u d i e s  in 

three o t h e r  patient8 who r e c e i v e d  o r a l  t he rapy  are summarized 

i n  f i g u r e s  2 t o  4,  It should be noted t h a t  there is no i n -  

dioation from the r e t i u u l o o g t e  aounts  of sufficient suppreqsfon 

of e r y t h r o p o i e t i c  a c t i v i t y  t o  account for the 

0024389 



Fz....-+ - . ?..e 
PRIVACY ACT MATERIAL REMOVED 

- ,  

hemoelobin full,, H c t u n l l y  at h o s t  one o r  t h o s e  p u t i e n t s  

( m) had a definitely e ' l ev t l t ed  r e t i c u l o c y t e  c o u n t  d > i r i n g  

p a r t  o f ' t h l  pe r iod  o f  hemoglobin fall, Unfortunatuly, 

however ,  the absence of bi.Le pigment excretion s t u d i e s  in 

these  p a t i e n t s  makes it impossible t o  pr : )ve w i t h  c s r t n i n t y  

t h e  presence o f  8 hemolytic r e a c t i o n ,  

In Figure 5 n r e  p l o t h o d  the d a t a  on en individual -) 

whoso tior:o~loF4w, followpncT, other  thorapya had fallen 
t o  a b o u t  1.2 g r a m  p e r  cf:nL. ?!ollowirig t he  : i d a i n i s L r a t i o n  

of 18,6 mc S?32 over a p e r i o d  of  24 days, h i s  hemoglobin  

1'038 s t e u d i l y  t o  about 1 7  grams. This s t u d y  is i r n 2 o r t a n t  

because i t  ind ica t e s  t h a t  normal erythropoiesis rnuy f o l l o w  

the a d m i n i s t r a t i o n  o f  t h i s  dcse o f  Pa2, 

I n  s&ary it should  be p o i n t e d  o u t  t h a t  .L.:ie per c e n t  

f 8 l l  o f  hemoglobin v a l u e s  i n  each of t h e  a b o v e  2 a t l e n t s  

( e x c e p t  A. 0 , )  averaged t i b n u t  3ne p e r  c e n t  p e r  d e y  o v e r  a 

p e r i o d  o f  1 4  t o  40 d a y s .  ; lu r ing  t h e  same + c r i o d D  ayier ge 

r e t i c u 1 o c ) ' h  counts f o r  the i n d i v i d u a l  p r l t l e n t s  ranged  

Pram ob5 t o  1,l p e r  c e n t  ( n o  reticulocyte studies tiere 

3one on h:,K, 4urlng bhe p s r l 4 d  o f  maxirnb hemoglobin P o l l ) ,  

No consibtently s i g n i f i c a n t  change was found in the 

concentrot , ion o f  p r o t o p o r 2 h y r i n  i n  t h e  red b l o o d  c o l l s  

f o l l o w i n g  the ad ia in i s t r a t lon  of' P325 'The avera1;e r e d  

b l o o d  c e l l  p r o t o p o r p h y r i n  cl)nr e n t r a t i o n  I n  t h e s e  p a t i e n t s  

was correlated t o  same degree wi th  the c o l o r  index; e i o v a t e d  

, values &ere found m o s t l y  i n  t h o s e  p a t i e n t s  with a .  low color 

index whereas normal vc i l . ues  were g e n e r a l l y  fourid a s s o c l a t e d  

0024390 
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I 

I w i t h  normal c 3 l o r  indices. A.; seen  i n  F igu re  6 ,  h o w e v e r ,  t h e  

s p r e a d  of values  a t  any given c o l o r  index !vas-very p e a t ,  

i s  obvious, too,  t h a t  o t h e r  factors m u s t  be o p e r a t i v e  s i n c e  

It 

changes i n  c o l o r  index i n  given p a t i e n t s  d i d  n o t  result  con- 

s i s t e n t l y  i n  simultaneous chajrges in t h e  p ro toporphyr in  con- 

cen t r a t ion  i u  red b lood  c o l l a ,  
. 

3,2 The E f f e c t  -1 - of T o t a l  - B- r ay  OIL Hernolobin P _I_ 

Metabolism - -- in Dogs, - 
(a) (1 S I - -  ont rc l l  D o e .  I n  e d d i t i o n  t o  c o n t r o l  studies 

o f  t reated dogs, f a i r l y  prolonged s t u d i e s  of fecal u r o b i l i n o -  

gen e x c r e t i o n  were nRde i n  t w o  c m t r o l  d o g s ,  I?esult ;3 j n  the 

t w o  inst iacces  were  essentially simil&r, The daLn on one o f  

them are i l l u s t r a t e d / F i g u r e  7 
in 

k total of  85 d e t e r m i n a t i o n s  have been done o f  fecal 

urobilinogen e x c r e t i o n  i n  18 c o n t r o l  dogs ,  Giost v a l u e s  

rtinged from 5 t o  10 rng per day with extrerz3s of 1 t o  25 mg 

par  day  

I n  working with mongrel d u g s ,  siich a.3 :"ere a v a i l a b l e  

t o  us,one must constantly keep in milid t h e  f8c.t t h a t  con- 

trol dogs are n o t  n o c e s s m i l y  h e a l t h y  animals, find t h & t  

" rou t ine"  therapeutic procedlires may produce  undesirable 

biochemical e f f e c t s .  T h i s  f a c t  V J ~ S  emphastzed i n  the s tudy  

I 

o f  one C: g whose fecal urobilinogen e x c r e t i o u  rose  markedly 

Just b e f o r e  beginning t h e  a d m i n i s t r a t i o n  o f  25 r total body 

X ray daily, Simul taneous ly  the dogYs h e m g l o b i n  concentra-  

t i o n  f e l l  find the r e t i c u l o c y t e  count rose skaryly, On inqyiry 

0 0 2 4 3 9 1  



i t  w q s  found  that  seven d a y s ,  and again three d a y s  b e f o r e  

x-ruy a d m i n i s t r a t i o n  began the dog  was given 22 cc o f  

Lederle's Canine A n t i b a c t e r i a l  Serum (Formula ,#l) in t he  

hope t h a t  it would combat Rn i n f e c t i o n  and cause the re- 

t u r n  of  RR e l e v a t e d  white count t o  normal, Studies of t h i s  

animal are p r e s e n t e d  in Figure  8 ,  

(b) - Irradiated D o e ,  In m o s t  days g i v e n  a single large 

doso of t m a 1  body X ray an i nc reased  e x c r e t i o n  o f  uro- 

bilinogen was found, e s p e c i a l l y  f r o m  about  t h e  f o u r t h  to 

t w e l f t h  day, This i s  o f t e r ,  though not  al':~ays, a s s o c i a t e d  

ivith a drop i n  t h e  r e t i c u l r c y t e  coun t ,  Data on two such  

dogs are ILl.ustrated i n  Figures 9 and 10 

From the  s i x t h  t o  t h e  t e n t h  day a f t e r  i r r a d i a l i m ,  the  

hemoglobln o f  dog 4 3  fell a t  an average r a i e  o f  a b q u t  six p e r  

c e n t  p e r  day;  that of dog  36 f e l l  a t  a n  a v e r a g e  r a t e  o f  a b o u t  

2 p e r  cent; p e r  day  f r m  t he  t h i r d  t o  n i n t h  day f o l l o w i n g  

i r r a d i a t i o n ,  This compares hell wlth the dcita on several 

o t h e r  dogs whose hemoglobln dropped for several  d a y s  a t  a mix- 

imuh r a t e  of two t o  f i v e  p e r  cent p a r  day 0 
, ( 77 D 38" 39) 

A t h i r d  dog (#44)  w a s  given 300 r t o t a l  body X, ray, Four 

determinations d u r i n g  t h e  3ixteen day control period averaged 

12 mg per duy,  D u r i n g  t h e  aixrteen days after irradiation the 

average v a l u e  was 26 mg por day, I n  the last t w o  .lay per iod  

the concenbra t ioa  rose t o  170  m g  p e r  c e n t ,  b u t  becrime o f  

marked c o n s t i p a t i o n  the  p e r  diem value f o r  t h i s  p r i u d  was 

only 22 mg p e r  day, ,  
e 
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dog 37 r e o e i v e d  a single in3eotlon of 

26,5 mc Sr8', 

animal are summarized i n  Fizure 11, 

S t u d i e s  of hemoglobin metabol i sm in t h i s  

The i n t e r p r e t a t i o n  of  d a t a  an e x c r e t i o n  of  b i l e  p i g -  

# I  ment is o f t e n  d i f f i c u l t  because m a n y  o f  the dogs become 

s e v e r e l y  c o n s t i p a t e d ,  T h i s  is  i i l u s t r a t e d  i n  F i g u r e s  1.2, 

13 and 1 4 ,  i n  which u r o b i l i n o g e n  e x c r e t i o r J  v a l u e s  a re  p l o t ? e d  

i n  termof b o t h  mil l igrsms p e r  100 grams f3ces m d  mill- 

igrorns p e r  day, I t  will be no ted  t h n t  t h e  former  value 

may rise markedly w i t h  l i t t l e  or no significant change in 

the latter v a l u e ,  ~ l l  th res  dogs received 50 r t o t a l  body 

X r a y  d a i l y  u n t i l  dea th ,  

Terminal i n c r e a s e s  i n  fecal u r o b i l j n o g e n  exc re t ion  may . 
be a s s o c i n t e d  w i t h  i n t e r n a l  herno:t?r:apg T h i s  was mos t  

s t r i k i n g l y  i l l u s t r a t e d  i n  d o g  26 which d i e d  7% days  a f t e r  

d a i l y  t r e a t m e n t  w i t h  12,5 r t o t a l  body X r a y  was s t a r t e d ,  

Subcutaneous  hemorrhages were f irst  noted 14 d a y s  b e f o r e  

death,  und c o n s i d e r a b l e  intsrnel olesd3.ng  wos found a t  t h e  

post-mortem e x m i r l a t i m .  bring t h e  l m t  1 4  days o f  life 

t h e  hsrnoglobin c o n c e n t r a t i o n  'fell p r e c i p i t o u s l y  from 11,2 

t o  4 grams p e r  100 cc, The feca?. urcbilinogen excret ic ,n  

d u r i n g  the last eight days averaged 120 rng por day ,  t h e  

h i g h e s t  v a l u e  y e t  i'ound in dogs, It is, o f  course, i m -  

possible bo s a y  ahat propor 'b iou  o f  t h i s  was due t o  the 

b l e e d i n g  as a g a i n s t  red cell d e s t r u c t i o n  by the usual 

c z c r e t i o n  o f  Urinary b . l l e  pigment ,  l i k e w i s e ,  was found, 
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.c' t o  be a r f e c t e d  by large doses o r  radiation, E ,  P a i n t e r ,  o r  

the B i o l o g y  S e c t i o n ,  first c a l l e d  o u r  a t t e n t i o n  t o  t h e  ex- 

c r e t i o n  o t  a green urine i n  a dog  t o  which p l  onium had 

previously been a d m i n i s t e r e d  , 

q u i t e  c o n s i s t e n t l y  i n  dogs r e c e i v i n g  large d o d s  o f  radia-. 

t i o n ,  

y. 
E ,Green urine ha&been found 

1 

I ts  appea rance  has been well  c o r r e l a t e d ' w i t h  a 

d i m i n u t i o n  in food  i n t a k e ,  T h i s  may b e  e x p l a i n e d  by the 

f i n d i n g  o f  \Kanasaki and o t h e r s  (J7348' t h a t  a d o c r e a s e  ( 4 6 )  

in l i v e r  glycogen resu l t s  in the excretion o f ' a  green 

b i 1 i v e r d  In- c'ont a i  ri i ng b i l e  

s t u d i e s  of t h e  dog  u r i n e  by M, Hagedorn i n d i c a t e d  that t h i s  

BB'Zkman s p e c  t r o- pho tome 5; r i c 

urine pigment WRS s p e c t r o s c o p i c a l l y  s i m i l a r  t o ,  i f  not, 

i d e n t i c a l  wi th ,  b i l i v e r d i n ,  F u r t h e r  e v i d e n c e  for ribnormal 

b i l e  pigment e x c r e t i o n  i n  t h e  u r i n e  came i n  ,the course o r  

s t u d i e s  i n  e x c r e t i o n  o r  u r i n a r y  c o p r o p o r p h y r i n  by th.5-3-3 

 dog^(^')^ 
r e c e i v i n g  e i t h e r  e x t e r n a l  o r  i n t e r n a l  r a d i a t i o n  WQS commonly 

found t o  be green., Such a finding is rare i n  c o n t r o l  dogs ,  

b u t  has been o b s e r v e d  by S o  Schwartz i n  dogs i n j e c t e d  intra- 

v e n o w l y  with  hematin or hemoglobin. 

The e t h e r  e x t r a c t  o f  a c i d i f i e d  u r i n e  f r o m  dogs 

Q u a n t i t a t i v e  s t u d i e s  o f  u r i n a r y  b i l i r u b i f i  were inst i tuted 

t o  measure t h i s  e f f e c t  m o r e  u q c u r a t e l y .  Several  hundred deter- 

minations on c o n t r o l  and irradiated dogs ranged generally from 

one t o  four mg p e r  day, P r a c t i c a l l y  a l l  t h e  b i l i r u b i n  was 

the  p rompt - r eac t ing  t y p e ,  O c c a s i o n a l  values rose t o  a i r  mg 

p e r  day o r  more- Though v a l u e s  often t ended  t o  be h i g h e i  



, 
after I r r a d i a t i o n ,  t h e  range was g e n e r a l l y  s imilar  t o  t h a t  

of c o n t r o l  dogs, In some dogs ,  as shown i n  F i g u r e  15, t h e  

. i n c r e a s e d  e x c r e t i o n  w a s  f ' a i r ly  pronounced 

These i n v e s t i g a t i o n s  were supplemented by s t u d i e s  of  

b i l e  pigment e x c r e t i o n  i n  three b i l e - r e n a l  f i s t u l a  dogs 

g i v e n  a single d o s e  of t o t a l  body X r a y ,  These l a t t e r  

s t u d i e s  m r e  made s i n c e  t he  d e t e r m i n a t i o n  o f  f e c a l  uro-  

b i l i n o g e n  h a s  c e r t a i n  d i s a d v a n t a g e s ,  s u c h  a s  t h e  following: 

1. The number of analyses is l i m i t e d  because  t h e  

SUp&OS must be combined i n  p e r i o d s  o f  s e v e r a l  

days each, 

2. There i s  a t ine  lag of  a few d a y s  between t h e  t i m e  

o f  b lood  d e s t r u c t i o n  and t h e  e x c r e t i o n  of  urobi -  

l i n o g e n  i n  f e c e s ,  

3,, The p r e v i o u s l y  noted f a c t o r  of c o n s t i p a t i o n  may make 

the  data d i f f i c u l t  t o  i n t e r p r e t ,  

4, I t  is  p o s s i b l e  t h a t  the b i l i r u b i n  and b i l i v e r d i n  

from t he  b i l e  may n o t  be comple t e ly  c o n v e r t e d  t o  

u r o b i l i n o g e n .  T h i s  p o s s i b i l i t y  was i l l u s t r a t e d  by 

the  f i n d i n g  of a l a r g e  amount aI g r e e n  p i g m n t  

( b i l i v e r d i n ? )  i n  t h e  f e c e s  of  one a n i m a l  (Dog d 3 7 )  

g i v e n  s t r o n t i u m  , 89 

The b i l e  r e n a l - f i s t u l a  dogs were p repa red  f o r  us by 

D r ,  Z c  Go A l l e n ,  a c c o r d i n g  t o  the method o f  Kapsinow 0 

I n  a l l  but one a n i m a l  (Dog, #SS) t h e  ga l lb l adde r  was 

(50) 

anastomosed t o  t he  r e n a l  p e l v i s  by means o f  an i n c 3 s i o n  
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1 

through t h e  k idney  c o r t e x ,  In  d o g  86 the g a l l b l a d d e r  

a n a s t o m o s i s  was made a t  the u r o t e r o - p e l v i c  junction, I t  

s h o u l d  b e  p o i n t e d  o u t  t h a t  the q u u n t i t f i t i v e  i n 5 e r p r e t a t i o n  

of ' the  data is l i m i t e d  by t h e  f o l l o w i n g  factor t3r  

4 

1, Complete hematology s t u d i e s  were n o t  2 o s s i b l e  a t  

t h i s  time b e c a u s e  o f  t h e  pressure of  T t h e r  work, 

A 1 1  b u t  one o f  t h e  dogs ( S Q - 5 )  showed v ' a ry ing  de- 

grees of c l o s u r e  of the f i s t u l a  opei:ing a t  a u t o p s y ,  

2 ,  

A l l  three dog8 showod s i g n i f i c a n t  i n c r e a s s a  i n  b i l e  

pigment  e x c r e t i o n  soon  after t o t a l  body i r r a d i a t i o n ,  in - 

d i c o t i n g  the p r e s e n c e  o f  some d e g r e e  o f  h e m o l y t i c  reaction, 

The data on Dog SQ-5 Is i l l u s t r a t e d  i n  F i g ,  16, The opera-  

t i o n  p e r f o r n e d  on t h i s  animal was most  s u c c e s s f u l  ns i n d i c a t e d  

by post-mortem e x a m i n a t i o n ,  

B i l i r u b i n  e x c r e t i o n  by t h e  o t h e r  tv/o dogs  rose t o  over  

50 mg p e r  day i n  the few d a y s  after a d m i n i s t r a t i o n  o f  250 r 

t o t a l  body X- ray, T h e s e  values were u t  least twice as  h i g h  

as t h e  h i g h e s t  c D n t r o l  v a l u e s  i n  these aii i lnals.  

4 0  D i s c u s s i o n  

4,1 The I n  V i t r o  S t u d y  o f  R a d i a t i o n  - - Induced  Hemolysis  

The in vitro h e m o l y t i c  a f f e c t  o f  b o t h  a l p h a  r a y s  (51 54)  and 
3 

X rays has been demonst ra tGd r e p e a t e d l y  (55-59)0 The red 

cells t h u s  i r r a d i a t e d  were found t o  be s w o l l c n  and t o  show 

In i n c r e a s e d  p e r m e a b i l i t y ,  e s p e c i a l l y  t o  c a t i o n s  (55,361- , 
I 

a l l  i n s t a n c e a ,  however ,  the dose  o f  severa l  thousand r of  

r a d i a t i o n  required t o  produce this e f f e c t  was v a s t l y  great 'er 



-- 

than any t he rapeu t i c  dose, Nevertheless ,  t h i s  d i f f e r e n c e  i n  

dose  of r a d i a t i o n  is  n o t ,  p e r  see evidence a g a i n s t  the  i n  vivo 

hemolytic a c t i o n  of t he rapeu t i c  doses o f  r a d i a t i o n ,  s i n c e  

these smaller  doses  may i n j u r e  the red c e l l s  i n  such a way 

t h a t  they  a r e  more e a s i l y  phagocytized. I n  t h i s  connection 

-- 

it would be o f  i n t e r e s t  t o  i r r a d i a t e  with X ray p o r t i o n s  of 

whole b l o o d ,  conta in ing  i so top iu  carbon o r  n i t rogen  i n  the  

hemoglobin molecule, I t s  f a t e ,  when i n j e c t e d  i n t o  experi-  

menta l  s u b j e c t s ,  might t h e n  be compared t o  t h e  f a t e  o f  non- 

i r r a d i a t e d  p o r t i o n s  of  the  same b l o o d .  'de are  not  f tuni l iar  

w i th  any s t u d i e s  of t h i s  t y p e ,  repor ted  i n  the  - l i t e r a t u r e ,  

4,2 O t h e r  - S t u d i e s  on t h e  Manhatten P r o j e c t  t h a t  Poin t  

t o  a Hemolytic Reaction i n  Radiat ion Anemia, Lorenz and 
-__)--- 

(29) c o- wo r k e  r s a t  the Nat iona l  Cancer I n s t i t u t e  have ad- 

minis te red  d a i l y  s m a l l  doses of  g a m a  r a y s  t o  the  whole body 

of  guinea p i g s ,  mice, and r a b b i t s ,  and have s t u d i e d  t h e i r  

e f f e c t s  on the c i r c u l a t i n g  e ry th rocy te s ,  They bel ieved t h a t  

the p r e c i p i t o u s  d r o p  i n  red  c e l l  c o u n t  t h a t  o c c u r r e d  during 

the l a s t  few weeks o f  l i f e  cound not  be uccounted f o r  by 

i n t e r n a l  bleeding o r  by the  assumption t h a t  e r y t h r o p o i e s i s  

w a s  even completely i n h i b i t e d ,  Some of the  animals i n  

t h i s  s t u d y  were s a c r i f i c e d  a t  i n t e r v a l s  after s t a r t i n g  the  

i r r a d i a t i o n  treatment,, The bone marrow of  these animals 

was reported by Eschenbrenner t o  be e i t h e r  normal o r  hyper- 

p l a s t i c  ( 6 0 )  D e f i n i t e  hypoplasia,  however, w a s  found i n  

many animals in which t reatment  was continued u n t i l  they ' 

0024391 



d i e d  w i t h  severe anemia, 

Jicobson, e t  al, have repor ted  the occurrence o f  severe 

a c u t e  anemia in r a b b i t s  given acutely l e t h a l  doses of t o t a l  

body x-ray 

an important, f a c t o r  i n  the r a p i d  development of  these  

anemias. I n  these animals,  as well HS i n  dogs given 

the bone marrow showed acutely l e t h a l  d o s e s  of racliation 

marked d e s t r u c t i o n  of  c e l l u l a r  elements and general aplasia,  

. k hemolytic component was asaumed t o  be (61) 

( W  

I n  animals i n j e c t e d  w i t h  plutonium, Jacobson repor ted  

the f i n d i n g  o f  hppe rp laa t i c  marrow aesoc la ted  wi th  chronic 

low doses ,  while e v i d e n c e  of  hypoplasia was found with 
larger d ose s (63) 

4.3 I n t e r p r e t a t i o n  of Urobilinoppn Excre t ion  Data, 

C e r t a i n  l i m i t a t i o n s  o f  urobi l inogen e x c r e t i o n  s t u d i e s  i n  t h e  

dogs,  h a v e  already been enumerated, These r e l a t e  t o  t h e  t i m e  

lag between b lood  d e s t r u c t i o n  and urobi l inogen excre t ion ,  t o  

poss ib l e  incomplete cDnversion of b i l i r u b i n  t o  urobi l inogen,  

t o  i r r e g u l a r i t y  i n  bowel habits, and t o  i n a b i l i t y  t to i d e n t i f y  

the na tu re  o f  the  hemolytic proc'ess, i . e j o ,  whether  due t o  in -  

t e r n a l  b leeding  or t o  more u sua l  mechanisms, Other l i m i t a t i o n s  

t o o ,  might be considered,  Heilmeyer (64 '  and Watson (25) 

e s p e c i a l l y ,  have descr ibed  a diminution in urobi l inogen ex- 

c r e t i o n  in cases o f  p o s t  hemorrhagic anemia. T h i s  might be 

considered e i t h e r  a8 a p i ' p e n t  spa r ing  a c t i o n  or a " t h r o t t l i n g "  

of blood d e s t r u c t i o n ,  Fecal urobi l inogen e x c r e t i o n  data, too ,  

should be i n t e r p r e t o d  i n  term o f  the amount of c i r c u l a t i v g  



hemoglobin, Therefore, in a dog with severe anemia an 

apparent ly  normal f e c a l  urobllinogen value may nc t u a l l y  

r ep resen t  as i n c r e a s e  i n  t h e  rate o f  b lood  d e s t r u c t i o n ,  

w i t h ' r e s p e c t  t o  the t o t a l  amount o f  hemoglobin t h a t  the 

dog has  

From the a v a i l a b l e  dRta i t  is i m p o s s i b l e  t o  deter- 

mine t he  r e l a t i v e  magnitude of d e s t r u c t i o n  of  mature 

c i r c u l a t i n g  c e l l s  as  compared t o  that  of immature c e l l s  

w i th in  the  bone marrow. In pern ic ious  anemia, f o r  ex- 

ample, it has  been suggested t h a t  the increased  f o c a l  

urobi l inogen  e x c r e t i o n  may be due t o  excessive i n t r a -  

marrow d e s t r u c t i o n  of young red blood cells, It may be, 

too ,  t h a t  such i s  the case in p a t i e n t s  w i t h  anemia due t o  

ch ron ic  radium poisoning, 

The e f f e d t  of acute  i r r a d i a t i o n  might b e  i nves t iga t ed  

by f i r s t  g iv ing  i s o t o p i c  n i t r o g e n  f a r  a per iod  o f  s eve ra l  

days and then,  a f t e r  two t o  t h ree  months, i s o t o p i c  carbon, 

S h o r t l y  thereaf tor  e i t h e r  e x t e r n a l  o r  i n t e r n a l  r a d i a t i o n  

would be adminis tered,  h t  t h i s  t i m e  t he  N/C r a t i o  s h o u l d  

be high i n  the o l d e r  c i r c u l a t i n g  c e l l s ,  w h i l e  the reverse  

s h o u l d  be t h e  case i n  the  bone marrow c e l l s ,  By deter- 

mining t h i s  ratio sepa ra t e ly  i h  the  hemin o f  c i r c u l a t i n g  

c e l l s  and bone marrow c e l l a ,  and agein i n  the e x c m t e d  

b i l i r u b i n  or urobilin one n i g h t  a s c e r t a i n  t h e  r e l a t i v e  

degrees of d e s t r u c t i o n  of young ve r sus  o l d  cells, 

4,,4 I n h i b i t i o n  of E ry th ropo ies i s ,  I n  the s t u d i e s  , 

repor ted  here, there is no doubt  t h a t  e ry throcyte  regener- 
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a t i o n  was i n t e r f e r ' e d  N i t h  Otherwise, the great regen-  

e r a t i v e  powers of  t h e  bone marrow would have been s u f f i -  

c i e n t  t o  m a i n t a i n  more n e a r l y  normal  hemoglobin and red 

c o u n t  l e v e l s ,  even  with ar. i n c r e a s e d  r a t e  of  red c e l l  

d e s t r u c t i o n .  It s h o u l d  be p o i n t e d  o u t ,  however,  t h a t  under  

some c o n d i t i o n s  t h e  bone marrow re sponds  even a f t e r  adminis-  

t r a t i o n  of r e l a t i v e l y  large d o s e s  of r a d i a t i o n ,  Log 55 

( F i g u r e  7 )  i s  i l l u s t r a t i v e  i n  t h i s  r e g a r d ,  Fo l lowing  t h e  

development o f  an a c u t e  h e m o l j t i c  a n e n l a ,  due p o s s i b l y  t o  

serum a d m i n i s t r a t i o n ,  the r e t i c - i l o c y t e  v a l u e  rose and the 

anomia improved d e s p i t e  the conLinued a d m i n i s t r a t i o n  o f  
32 25 r , t a t a l  body X r a y  d a i l y ,  P a t i e n t s  r e c e i v i n g  P 

likewise were a b l e  t o  respond with o n . i e l e v a t e d  reticulo- 

c y t e  c o u n t ,  Luch a r e t i c u l o c y t e  r e sponse ,  however, wns not. 

f o r t h c o m i n c  i n  t h o s e  dogs  "vhich r e c e i v e d  a n  a c u t e l y  lethal 

dose  of r a d i a t i o n ,  I n  t h i s  regard it m i g h t  b e  no ted  t h a t  

J a c o b s o n ,  e t  a l ,  have shown (65' t h u t  r a b b i t s  i n  which 

e r y t h r o p o i e s i s  was s t i r n u l a t o d  by p r e v i o u s  p r o d u c t i o n  o f  

anemia due t o  pheny lhydraz ihe  o r  bleeding a,-e o f t e n  a b l e  

t o  r e c o v e r  normal ly  from t he  Gnemia d e s p i t e  a d m i n l s t r a t i o n  

o f  n e a r l y  lethall.  doses o f  X ray, 

F i n a l l y ,  i t  s h o u l d  be emphasized again t h a t  t h e  pre-  

sent d i s c u s s i o n  d o e s  n o t  a i m  t o  minimize t h e  impor tance  of 

the e r y t h r o p o i e t i c  i n h i b i t i o n  caused by i r r a d i a t i o n ,  I t  

is i n t e n d e d ,  h o w e v e r ,  t o  i n d i c a t e  tho necessity f o r  con- 

sidering s t i l l  o t h e r  mechanisms t o  a c c o u n t  f o r  both a c u t e  
m 
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F igure 1, 

The E f f e c t  of P32 on Hemoglobin Mee'abollsm i n  a 

Patieht With Polycythemia  ( M . K , )  



d 
E 
0 

I 

a@ 
e 
* 
c 
h 
0 
0 

0 

0 

- 
a 
.- 
c 

a 

h 
0 
u 
\ 

G 2 5 0  
E 

L = .  - 
0 
0 
0 
LL 

J 

1 
6 .12-. 

. - - - - - - - -  

N o r m a l  

Range 

20 4'0 
f 
60 0 

, .  
- T h e  E f f e c t  of  P32 on Hemoglobin Metabol ism in 

a Patient. with Polycythemia 
(M. K.) 

F;G. I I 



Figure 2. 

The e f fec t  of P32 on Hemoglobin and Reticulocyte 

Coun t  I n  a Patient with Polycythemia, ( W . B o )  
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\ Figure 3,  

The E f f e c t  of P3'! on f-kmoglobln and Reticulocyte 

C o u n t  i n  a P a t i e n t  vJith Polycythemia  ( R o l f ' , )  
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F i g u r e  4, 

The g f f a c t  3f P32 on Hemoglobin and R p t > i c u l o c y t e  

Count  in Pat i ' en t  with Polycythemia (ij 'o G o )  a 
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Fi$ure 5, . 
Recovery to Normal of Hemoglobin Concentration 

Following Adrninivtrat ion of 18,6 mc PX t o  a 0 

Patient with Polycythemia, ( A ,  0,) 
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Correlation of Hed 6811 Pratoporphyrin and Color Index 

i n  P a t i e n t a  with P o l y c y t r i e d a  b o e i v i n g  P32 Therapy ' 
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Figure 7, 

Hemoglobio Metaboliam in a C o n t r o l  Dog (26) - . 
J 
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Figure 8. 

HcmoElobin Metabdiem in a Dog nith a Hemolytic Reaction Just Befdre  . 
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Figure 9, 

The E f f e c t  3n Hsmoglobin Metabollsm of 300 r T o t a l  Body 

X Irradiation, @ingle Dose (Dog  43)  e 
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Figure 10, 

The Effec t  on Hemoglobin Metabolism of 209 r T o t a l  

Body X Irradiation, 3 i W l e  Dose (Dog 36) 
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Figure 11, 

The E f f e c t  on Hemoglobin Metahol ism o f  26,5 mc Sr*’, 

Sing le  Dose (uog 37) 
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F i g u r e  12, 

The E f f e c t  on Hemoglobin Metabolism of 50 r T o t a l  

Body X I r rudiaGion Daily (Dog 29)  0 
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Figure 13 

The Bffect on Hemoglobin Metabolism of 50 r T o t a l  Body 

X Z r r a d i a t l o n  Da i ly  (Dog - 4 7 )  
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Figure 14 

The Effec t  on Hemaglobfn Metabolism of 50 r Total  Body 
* 

X ray Dai ly  (Dog 30) 
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I Figure  16, 

The E f f e c t  of 450 r T o t a l  Body X rayp Single  Dose,  

on Xemoglobin Metaboliem i n  a Bile-Renal Fistula Dog ( S Q 5 )  

-? i 
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