
k preliminary report  by  EVERETT I indicated that  wI 
~s, the leucocytes as well as erythrocytes incorporat¢ 
oduce single cell autographs. Al+though not mentior 
:raphic evidence further indicated that  within the J 
.n of the radioiron the leucocytes incorporated moi 
rocytes. The fact tha t  leucocytes contain iron was nc 
~temonstrated its presence by treating the cells with 
[ iron in the cytoplasm of the leucocytes within the : 
.dministration of iron, he suggested that  the leucocyte~ 
m transfer of the iron to the general circulation. BA 
ique to peripheral blood smears noted that  the tea( 
mnced than that  of erythrocytes.  I t  is doubtful, howe" 
is histochemical test  that  very much of the iron fr 
mR noted tha t  the granules of eosinophils gave a veF 
or iron. This was later substantiated by PETRY s,6 
t them to have a high iron content. 
~Iore recently, GILLMAN AND IVY 7 reported that  th  
function in the absorption and transport  of iron sine 
m following oral administration of ferrous ammonim 
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ction of leucocytes was mo 
however, that  under the conditio~ 

from hemoglobin would reac 
y pronounced reaction to th 

who isolated the granules aI 

the reticulo-endothelial syste 
since they found iron within t] 

.mmonxum sulfate. Subsequent studi 
demonstrated that  the iron within the lymph nodes ai 
not derived from a test meal of radioiron. 

ed that  blood cells do not acquire iron following 15 minu 
with inorganic iron. Furthermore,  studies of iron absorpti, 
:ed that  plasma globulin is the pr imary vehicle of it, 
ever, there have been no quanti tat ive studies of the it< 
ocytes following iron administration. I t  is questionab 
conclusive evidence as to whether leucocytes function 

een several iron containing enzymes identified in leucocyt 
:he iron observed in these cells by the above investigato~ 
aining enzyme from the myeloid leucocytes which he iden 
,tochrome C was identified in the cytoplasm of both  t 
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in vivo or in vitro incubation 
and transport  have indicated 
transport  (LAURELLg). However 
content of circulating leucoc~ 
therefore, that  there is any 
iron transport.  There have been 
which would contribute to the 
AGNER 9 isolated an iron containin 
fled as verdoperoxidase. Cy 
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Fhe animals  used in this invest igation were male ra ts  of the 
x imate ly  200 grams.  Each  ra t  was given a single do e of 58Fe 
meal, intravenous,  or oral route.  
Fwo levels of iron were used, one of low and the o ther  of hi~ 
aaount of radioact ivi ty  given was  from 15 to 3 ° microcurie~, 
)1 the  iron concentrat ion.  One to 9 mil l igrams of the low spec 
a excess of the animal ' s  p lasma iron binding capacity,  as e 
:ed by  LAURELL 9. T w en t y  nine to 60 micrograms of the hi~ 
~ered, an a m o u n t  considered to be in the physiological ran~ 
z leucocytes for radioassay in a p lasma suspension which ce 
throcytes.  The radioiron contr ibuted by  the erythrocytes  wa, 
er of ery throcytes  in an essentially pure  suspension.  The plasr  
he remaining radioact ivi ty  was  a t t r ibu ted  to the n u m b e r  of 
a~ade a t  intervals  from within a few hours  to 21 days  af ter  ir 
Zn detail, whole blood was  obtained from rats  by  hear t  punct~ 
assware used was  silicone treated and care was  exercised to 

A p lasma suspension containing IO to 3 ° t imes io 6 leucoc: 
~n equal n u m b e r  of red cells, was  prepared  by  the  differenti 
~URNETT 13, BUCKLEY el aL ia. BUCKLY reported the  variat ion 
time and concentrat ion of fibrinogen (Bovine fraction I). I t  
)gen solution per  5 ml of whole blood wi th  incubat ion a t  2 
mtory separat ion of ra t  blood. The e ry throcyte  suspensions 

:ell counts  were made in triplicate on bo th  the leucocyte a: 
MAN'S AND HALLISEY'S 15 platelet  diluting fluid to facilitate i, 
spension was  diluted if necessary to approx imate  the concentr  
cocytes. One ml al iquots of the leucocyte suspension were 
ml micro centrifuge tube.  This was done to dilute the concei 

t since resuspending the  cells, once packed, was  found to dan  
dis were packed by  centrifuging under  refrigeration. The s 
volumetr ic  flask. Five ml of 0.9 % NaCI were added to the  

entlal sedimentat ion method,  MIN( 
of this  differential sedimentati( 
was  found tha t  one ml of a 3 

37°C  for 3 ° minutes  produced 
were prepared by  diluting whc 

and ery throcyte  suspensions usil 
identification of the cells. The r, 

:entrat ion of red cells in the suspensi( 
diluted to 5 ml wi th  o .9% Na 

concentrat ion of radioiron in the supe 
to damage them severely. After dilutff 

supe rna tan t  was  t ransferred to 
% packed cells which were allow~ 

in centrifuged. This  second supe rna t an t  was  added to the first at 
ne ml al iquots of this were plated in pyrex  planchets  for countin 
cells were inver ted on filter paper  to drain the  residual fluid. 

pension were centrifuged wi thou t  fur ther  dilution since the plasn 
:ed cells from bo th  suspensions were then  digested by  the additi( 
acid. This was  facilitated by  heat ing the samples in a boiling war  
re t ransferred wi th  capillary pipet tes  to pyrex  planchets  using thr, 

rinse the tube  and pipettes.  The plat ings were evaporated slow. 
,' ac t ivi ty  was  determined by  convent ional  count ing methods.  Tt 
etween duplicate samples  was  not  more than  one percent.  
zyte was  expressed as counts  per  minute  pe r  io ? cells. The activit 
ed by  sub t rac t ing  the  act iv i ty  contr ibuted by  the e ry throcyt  
pension and similarly expressed as counts  per  IO ~ cells. The yah 
this was  the  m i n i m um  n u m b e r  of leucocytes per  ml of blood. Tt 
! were found to va ry  between I and 3" IO~ per  ml. The act ivi ty 
zounts]min ml • 5 since this  approx imated  the act ivi ty of the plaszI 
• evealed t h a t  the  platelets, which would also be contained in tt 
"egarded since they  were non-radioactive.  This  was established k 
s prepared by  the method  of DILLARD et al.i% 

~ / l  L I I  L I I I I ,  

fibrino 
satisfa 
blood wi th  isotonic saline. 

Cell 
BUCKM, 
cell sus 
of leucoc, 
i n a 5  
n a t a n t  
the  cell, 
IO ml 
to  s tand  for io minutes  and again 
the  volume adjus ted to io ml. On 
The tubes  containing the packed 

Aliquots of the red cell sus F 
content  was  negligible. The packed 
of o. 5 ml of concentra ted nitric acff 
ba th .  W h e n  clear the samples  were 
one half ml por t ions  of wate r  to 
under  an infrared lamp, and the 
var ia t ion in counts  per  minute  between 

The act ivi ty  of the e ry throcyte  
of the  leucocytes was  determined 
con tamina t ing  the leucocyte sus t 
of lO g cells was  chosen because thi  
white  cell counts  of whole blood 
the  s u p e r n a t a n t  was  recorded as coun' 
per  ml of blood. Inves t iga t ion  revealed 
leucocyte cell pack could be disrc 
assay  of pure  platelet  suspensions 
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t, f r o m  a n o n r a d i o a c t i v e  r a t ,  in  l a b e l l e d  p l a s m a  o b t a i n e d  f re  
i s t r a t i o n .  T h e  i n c u b a t i o n  w a s  c a r r i e d  o u t  a t  37 ° C f o r  30  m 
:y  o f  t h e  ce l l  r e s i d u e  f r o m  t h i s  p r e p a r a t i o n  w a s  n o t  significa~ 
i n g  a r a t  a n  i n t r a v e n o u s  i n j e c t i o n  o f  i r o n  l a b e l l e d  p l a s m a .  T t  
1 3 o  m i n u t e s  a f t e r  i n j e c t i o n  h a d  n o  s i g n i f i c a n t  a c t i v i t y .  T h u  
he  r a d i o i r o n  c o n t e n t  o f  t h e  l e u c o c y t e s  w a s  n o t  t h e  r e s u l t  of  

?able I shows the results of the assays following th~ 
of radioiron. I t  is observed that although the leu 

tble amount of iron, this was neither an immediate n 
naximal levels of activity for the white cells were t 
the activity of the leucocytes, although variable am( 
tom 4 to 50 times that of an equal number of red c 
t y  of the leucocytes had declined and was of the sam 
e erythrocytes. During the following two weeks th 
ed off gradually to a more or less constant value. 

Time Rat Iron 
l~¢rval  No. milligrams 

bCliO. DvV tliu O C V C l I L I t  t tcLff Li 

same order of magnitude as th~ 
the activity of the leucocyt~ 

E X C E S S I V E  D O S E  O F  R A D I O I R O N  

Erytkrocytes Leucocytes Supernatant 
IO 7 cells xo 7 cells mI • 5 

7-1 - -  7 5 ° 
7.1 - -  28 5 ° 
9.1 I I  624  75 
7.1 14 6Ol  4 ° 
7 .I  9 44  3 ° 
7 . I  8 31 4 ° 
9 .1  8 82 2o  
7.1 I I  15 36 
7.1 19 31 4 ° 
9 . I  36  - -  I I  
7.1 17 26  3 ° 
7.1 16 3 15 
7 -1 25 4 6 

I n t r a v e n o u s  

i . o i  6 i o  15 
i . o i  4 3 15 

n i o  7 cel ls .  

of the 
levelled 

r d a y  6 
I d a y  I3  
3 d a y s  4 
3 d a y s  5 
3 d a y s  7 
3 d a y s  9 
3 d a y s  
7 d a y s  8 
7 d a y s  I o  

14 days 3 
x 4 d a y s  i i  
r 4 d a y s  I2  
2x d a y s  14 

3 d a y s  15 
8 d a y s  r 8  

* N o  m e a s u r a b l e  a c t i v i t y  f r o m  
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~t i re ly  t o  r a d i o i r o n  w a s  v e r i f i e d  fo r  t h r e  
v h i c h  is spec i f i c  f o r  i r o n .  T h e  p l a t i n g s  of  
8 N HC1 a n d  e x t r a c t e d  w i t h  i s o p r o p y l  
a s  t h e n  p l a t e d  f o r  a s s a y .  T h e  a c t i v i t y  c 
a l u e s .  
n t  of  r a d i o i r o n  in  t h e  p l a s m a  p r o t e i n  fo: 

le t h a t  t h e  a c t i v i t y  f o u n d  in  c o n n e c t i (  
)r  f r o m  t h e  e s t a b l i s h m e n t  of  a n  equ i l l l  
e o n e  w o u l d  e x p e c t  t h a t  b y  d i l u t i n g  t t  
t y  b e t w e e n  t h e  c e l l u l a r  r e s i d u e  a n d  t t  
s m a  s u s p e n s i o n s  w e r e  m a d e  w i t h  i o  a r  
ed  p r e p a r a t i o n s  w e r e  c o m p a r e d  w i t h  v~ 
t i v i t y  b e t w e e n  t h e  c e l l u l a r  r e s i d u e  a n  
u e n t  o f  v o l u m e .  
m w a s  m a d e  b y  i n c u b a t i n g  a s u s p e n s i o  

f r o m  a r a t  2 
m i n u t e s  wit]  

n i f i c a n t .  A s imi l  
f i a s m a .  T h e  w h i t e  ce 
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cells. 

P H Y S I O L O G I C A L  D O S E  O F  R A D I O I R £  

T i m e  R a t  I r o n  
In terva l  N o .  micrograms 

4 hour s  61 
IO hours  61 

I d a y  23 
I d a y  24 
I d a y  27 
3 d a y s  21 
8 d a y s  22 

29 300 80 290 

I44 

900 
425 
2 2 0  

984 
18o 

33 ° 

25 
90 
14 

ty  of the radioiron used was not constant throughout t] 
aaongst the blood components assayed were used to compa 
~eriments. Figs. I and 2 are graphic representations of t] 
the plasma and leucocytes to that  of the erythrocytes 
which excessive and physiological doses of radioiron we 

8 days  33 

4 hours  54 
i o  hours  54 

I d a y  3 ° 
1 d a y  6o 
I d a y  28 
I d a y  35 
I d a y  50 
3 d a y s  32 
3 d a y s  34 
7 d a y s  3 i 

I d a y  29 
I d a y  37 
2 d a y s  4 ° 

* Given  w i t h  ascorbic  acid.  

Since the specific activit '  
series the ratios of act ivi ty amoni 
the results of individual experiment 
average ratio of act ivi ty of 
the intraperitoneal series in 
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r of magnitude. Furthermore the! 

tministration of radioiron of high 
to the above in regard to the upte 
nt difference was that  in this series 
ues for leucocytes were obtained 
ty declined. In this series the red 
heir act ivi ty never exceeded the rr 

T A B L E  I I  

R A D I O I R O N  

Counts  par  m inu t e  

Erythrocyte~ Leucocytes S 
x o 7 cells z o 7 cells 

Intravenous  

29 I i  17 
29 I I  4 ° 
29 118 665 
29 132 351 
29 75 590 

29 254 21 
29 131 31 

Intraperitoneal 

29 5 4 ° 
29 21 50 
29 29 154 
29 31 1,216 
29 21 2,211 
29 17 Io2 
60 34 597 
29 89 23 
29 7 ° 49 
29 98 3 

Oral 

29~ 81 225 
29 IO 81 
58* 27 I I  

ents. 
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• I. Ac t i v i t y  of leucocytes  and  p l a s m a  as  corn- of the ir 
ed to e r y t h r o c y t e s  a f te r  excess ive  dose of radio-  by aSSUl 

iron (intraperitoneal). be 5 ml 

plasma contained 1.4% of the injected dose. 
I t  was observed tha t  the ratio of reticulocytes to 

;\ 
\ \ 

\ 

ERYTHROCYTES IO 1 CELLS b I00 
i,, 

J 

DAYS AFTER INJECTION 

Fig. 3. A c t i v i t y  of leucocytes  a n d  p l a s m  
ml  of blood and  of red cells in a m o u n t s  
to t h a t  of leucocytes .  (Values ob ta ined  
a 335 g r a t  following in t r ape r i t onea l in j e  

of 2o0 y ~gFeC13.) 

aating the leucocyte suspension than it was in whole bl 
the reticulocytes would contain proportionally more of 
,, mature  red cells, which would introduce an error in estime 
d cells. Thus a t tempts  were made to determine the magni 

/ \  
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Fig. 2, Activity of leucocytes and 
plasma as compared to erythrocytes 
after physiological dose of radioiron 

(intraperitoneai) 

red cell fraction contaminatin 
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tubing against phosphate buffer of pH 6.8. On alk 
soluble residue containing 85 to 95 % of the radioiron. 
the iron was bound to or was incorporated with on~ 
made therefore to identify the radioactivity with kn  
?ollowing AGNER'S 1° method for the isolation of ver& 
tially all of the radioiron was obtained in the discard 
fraction had no significant radioactivity. These me 

l samples of white cell supernatant  from animals, eac 
dioiron. Since this enzyme is restricted to the myel 
nly 5 % myeloid, these results are not surprising. A ] 
ed by THEORELL'S ls technique, was obtained from a 
vas found to contain lO% of the radioactivity. The 
mmonium sulfate precipitate (500 gm/liter) which w~ 
ne C extraction. 
['hese data  indicate that  ferritin could be the radioiron 
made therefore to isolate ferritin by  GRANICK'S 1~ mett  
)btained from either the white cells or from the live~ 
e of ferritin. At tempts  were then made to isolate fe: 
od of THEORELL ls. This method is similar to GRAN: 
an tha t  the cadmium sulfate crystallization is repla, 
a ted (NH4),SOa. THEORELL states tha t  this proced 
~ration of ferritin. By this method 12 % of the radioi 

was the residue from this cyt 

containing protein. Attemp 
method, but  no crystalline ferrit 
liver which normally is the ma 

ferritin from leucocytes by t] 
GRANICK'S procedure with the e 

.'placed by precipitation in o.4 
)rocedure yields essentially a pu 
radioiron content of the leucocyt 

en the heating step in the procedure, which had remow 
y by coagulation, was omitted, it was found tha t  9o% 
ed at  o.4% saturation, i.e. at  the saturation precipitatil 
neasurements have been made to determine if this fracti¢ 
m of ferritin. 

ted that  leucocytes incorporate considerable amounts 
r intraperitoneal administration. Although the data for or 
he same phenomenon was observed. I t  would appear  th 
:ient magnitude to warrant  consideration in studies of ire 
ton was found to be in a water  soluble, non-dialyzable for 
[ by  (NHa)2S04, it was assumed to be associated with 

Th, 
were 
was obt 
source 
method 
ception 
satur~ 
preparat ion 
was isolated as ferritin. Whe 
only 5% of the radioactivi ty 
the radioiron was precipitated 
ferritin. As yet no physical measur~ 
is in reality a heat labile form 

I t  has been demonstrat~ 
radioiron after intravenous or 
administration are limited the 
this incorporation is of suffici 
metabolism. Since the radioiron 
which could be precipitated 
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rses. However, GRANICK 2~ stated that the limit of 
ical test is 0.5 ~ ferritin N per gram. If the uniden 
~rm of ferlitin, the estimated quanti ty would be co 
la ferritin N per ml of white suspension and, therel 
ds immunochemical test. GRANICK ~2 indicated that 
;t all tissues but not in quantities sufficient for iden 
Lrily an iron storage protein recent studies have inc 
see GRANICK ~2 for review. Thus, to identify the pro 

ritin would not establish the significance of this fracl 
kpproximately IO % of the radioiron content of leucoc, 
hrome C. Verdoperoxidase, the only other heme prot 
:ytes, was found to contain no significant amount ot 
.dministration. Although there may be other heme pro 
~ly that they account for any of the unidentified fi 
on is so readily liberated by hydrolysis or by heati: 
eucocytes incorporate iron in excess of their heme p] 
qeither the mechanism by which iron enters the let 

it is obtained are known. I t  has been shown, howe' 
la is not directly available to white cells which is il 
t ~. Furthermore, it is observed that the leucocytes 
:ivity until a large per cent of the radioiron has left tl 
tigators, see ANDtgRSON ~3 for a review, have shown th 

9rotems in mucocytes ~ appea 
fraction since tile iron of th 
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