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An adu l t  man has 3.5 - 4,s gm. of i ron  i n  h i s  body. From 60 t o  7% of t h i s  
i ron is in t h e  red cells as hemoglobin i ron ,  less than 1% in the circulating plasm 
as plasma i ron  a t tached  t o  a pro te in ,  T r a n s f e r r i n ;  and t h e  rest i s  i n  other forms 
of body i rons  ( s torage ,  myoglobin, resp. enzymes). 

Although t h e  plasma iron r ep resen t s  less t h a n  1% of t h e  t o t a l  body stores, 
It is in l a b i l e  equilibrium it is convenient ly  a v a i l a b l e  f o r  uniform sampling, 

wi th  i ron  involved i n  the hemoglobin cycle and i n  other forms throughout tbe body. 

The hemoglobin Cycle c o n s i s t s  of three main s t eps :  

1, Synthes is  of hemoglobin from i ron  a v a i l a b l e  i n  bone marrow. 

2. Deqradation t o  a v a i l a b l e  Fe of hemoglobin l i b e r a t e d  by breakdown of aged o r  
defective red cells I n  spleen or other sites. 

Transport  of i ron  as plasma i ron  from sites of breakdown and storage t o  bone 
Marrow. 

3. 

The Hemoglobin Cycle 

Hemoglobin Synthes is  

Spleen Bone Marrow 

Iron 
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nadio i ron  Tracer  S t u d i e s  
Loe f f l c r ,  C o l l i n s ,  Teng and !!est 

The average l i f e  span of  normal red  Cells i s  g e n e r a l l y  accepted 3s 120 d3ys.  
T h i s  means that  10% Of red ce l l s  a r e  rep laced  every 120 days,  o r  0.03;:; ;Ire 
destroyed and rep laced  da i ly .  

A 70 kg. man has:  
t 

(1) a blood volume of 5000 CC., w i th  

(2 )  5 x lo6 r e d  cells per nun 3 . 

(3)  12 gm. of Hgb. per 100 CC. of blood, and 

(4)  3.34 mg. of i r o n  per gm. of flgb. 

The o r d e r s  of magnitude fo r  t h e  va r ious  components in t h i s  hemoglobin c y c l e  
may be es t ima ted  i n  t h e  fo l lowing  terms: 

Number of r e d  cells  des t royed  and r ep laced  = 2.1 x 10l1 red  cells per day 
or 

2.4 x 106 r e d  ce l l s  per second 

Ca h u l a  t ion  : 

(0.83 x' 10-3) X (5 x io6 103) (5 x 103) 

F r a c t i o n  of r ed  cel ls  No. of red cells  T o t a l  blood 
des t royed  o r  rep laced  per CC. of blood volume 

Amount of hemoqlobin deqraded and synthes ized  = 6.2 gm. of Hgb. per day 

Ca l c u l a  t ion : 

(0.83 x lo-*) X (15 x 10'2) X (5 lo3) 

Fkac t ion  of hemoglobin Gni. of hemoglobin To t a  1 blood 
degraded and synthes ized  per 100 cc. of  blood volume 

L 

Amount of i ron required f o r  (1 )  and ( 2 )  = 21 mg. of Fe per day 

- Ca lcu la t ion : 

6.2 X 3.34 

Gm. of hernoglobin 
synthesized per day . of hemoglobin 

Mg. of Fe per gm. 
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S i n c e  21 mym. of  i ron  is  the d a i l y  requirement f o r  lienloglobin product ~ O I I ,  
and s i n c e  the t o t a l  i r o n  i n  c i r c u l a t i n g  plasma i s  r e l a t i v e l y  c o n s l a n t ' a t  

.approximately 3 mg., t h e n  i ron  m u s t  enter the plascia (from the spleen anti o t h e r  
s o u r c e s )  a t  t h e  same ra te  a t  which i t  l eaves  ( t o  be incorpora ted  i n  henloglobin 
i n  newly formed red c e l l s  o r  t o  enter s t o r a g e  depo t s ) .  

As mentioned above, the plasma i ron  pool i s  i n  equ i l ib r ium w i t h  a l l  
compartments of body i ron ,  t h e  r a t e  of i r o n  l eav ing  t h e  plasma m u s t  t h e r e f o r e  
r ep resen t  a - compos i t e  r a t e  o f  a l l  pathways involved. However, since the r a t e  
of irotr l eav ing  f o r  s t o r a g e  is comparatively slow, t h a t  f o r  e x c r e t i o n  and o t h e r  
purposes even s lower ,  i t  may be assumed, w i t h  few excep t ions ,  t b a t  t h e  ra te  of  
i ron  l eav ing  t h e  plasma is by and l a r g e  a r e f l e c t i o n  of t h e  f u n c t i o n a l  s t a t u s  of 
hemopoiesis. Exceptions. a r e  pe rn ic ious  anemia and Mediterranean anemia. 

A more d i r e c t  and more a c c u r a t e  index o f  hemopoietic a c t i v i t y  is  t h e  
r a t e  of i nco rpora t ion  of i ron  i n  t h e  new formed r e d  cells. 

Under most hematological c o n d i t i o n s ,  t h e  rate of plasma i ron  d isappearance  
and t h e  r a t e  of i nco rpora t ion  o f  i r o n  i n  red cells  are  d i r e c t l y  r e l a t e d .  
excep t ion  i s  seen i n  un t r ea t ed  pe rn ic ious  anemia where a r ap id  plasma i ron  
d isappearance  is a s s o c i a t e d  w i t h  s lugg i sh  i r o n  uptake,  t h e  l a t t e r  is presumably 
ev idence  of the s o - c a l l e d  matura t ion  a r r e s t .  

One 

I t  i s  obvious t h a t  the de te rmina t ion  of these rates adds t h e  dimension 
of time and b r i n g s  t h e  concept of dynamics t o  t h e  unders tanding  of t h e  physiology 
of i r o n  and hemoglobin metabolism i n  h e a l t h  and d i sease .  

Both of these rates can be measured by t h e  use of FeS9 a s  a t r a c e r .  It 
is the purpose of  t h e  e x h i b i t  t o  demonstrate t h e  u se fu lness  o f  t r a c e r  i ron  
turnover  s tudy  i n  t h e  d i agnos i s  and prognosis o f  va r ious  hematologic condi t ions .  

The equipment necessary  is a w e l l - t y p e  s c i n t i l l a t i o n  counter  and scaler. 
T h i s  can be of a dua l  purpose des ign  so t h a t  t h e  same f a c i l i t i e s  can be used 
f o r  t h e  de t e rmina t ion  of r ad io iod ine  uptake i n  t h y r o i d  s tud ie s .  It is  p red ic t ed  
t h a t  the r a d i o i r o n  turnover  test w i l l  become as u s e f u l  i n  t h e  s tudy  of anemia 
a s  r ad io iod ine  i n  t h e  s t u d y  of t hy ro id  d i sease .  



Norm1 

Anemias 

I r o n  d e f i c i e n c y  

Chronic blood loss 

Uemo 1 y t ic 

Chronic  i n f e c  tions 
Ualignant  tumors 
Leukemias 
L i v e r  d i s e a s e r  
Uremia 

A p l a s t i c  and 
Mye loph t h is ic  

Anemias 
Addisonian 

un t r ea t ed  

remiss ion 
e a r l y  
la te  

Hedi terranean 

Polycythemia Vera 
un t r ea t ed  
remiss ion 
repoa ted phlebotomy 

Hemochromatosis 

70- 120 1- 2 

0-50 ' 0.3-0.5 

0- 50 0.3-0.5 

15-200 0.3-0.5 

40-60 

3 150-200 

150-200 

40- 70 
70- 120 

150-200 

150-200 
70- 120 
40-70 

200- 250 

0.5-1 

2- 4 

0.3-0.5 

0.3-1 

0.3-0.5 

0.3-0.5 
1-2 

0.3-0.5 

Up t o  W,': i n  1 wk. 
Then pla toou 

Approach in0 lOVh 
i n  3-4 days 
Then p la teau  

Approaching l&rY, 
i n  3-4 days 
Then s t eady  f a l l  o f f  

Approaching lo($ 
i n  3-4 days 
Thoa pla teau  

Very low and 
s lowly r i s i n g  

Slow rise over many 
weeks, no p la teau  

approaching normal 

Slqw rise over many 
weeks, no p la teau  

Y 

approaching lOQk 
norma 1 
approaching lw 



. .  

I 
1 
1 
I 
1 
1- 
1 
I 
1 
1 
1 

Radio i ron  Tracer  Studies 
L o e f f l e r ,  C o l l i n s ,  Teng and Kest 

1. IVitlidraw 10 cc. of  blood i n t o  a hepar in ized  syringe f o r  \;.hole b l o o d  aud 
plasma samples (1.0 - 2.0 c c . )  fo r  the de termina t ion  of n a t u r a l  rad io-  
a c t i v i t y .  

I n j e c t  in t ravenous1  
4 a i ic rocur ies  of FeZ9. Avoid venos ta s i s .  

2. 5.0 - 10.0 cc. of Fe59 c i t ra te  s o l u t i o n  con ta in ing  

3. Obtain hepa r in i zed  blood samples ( 5  - 10 CC.)  a t  5 ,  15, 30, 60, and 120 
minutes a f t e r  i n j e c t i o n .  Avoid venos ta s i s .  Pipette 1.0 - 2.0 CC. a l i q u o t  
of whole blood from t h e  15 m i n u t e  sample, and 1.0 - 2.0 cc. of plasma from 
from a l l  samples i n t o  count ing  tubes. 

4. Count a l l  samples from s t e p s  1 and 3. 

5. Plot  plasma a c t i v i t y  ( l o g  s c a l e )  a g a i n s t  time ( l i n e a r  s c a l e )  on semi-iog 
paper. 

6. E x t r a p o l a t e  t o  o b t a i n  ze ro  time plasma a c t i v i t y .  Determine disappearance 

7. 

o r  turnover  h a l l  time (T!;) of plasma Fe59. 

C a l c u l a t e  plasma volume: PV = Tota l  counts  in-iected 
Zero time counts /cc .  plasma 

8. C a l c u l a t e  hematocr i t  from a c t i v i t y  of 15 minute samples: 
Counts cc. whole blood Ilct = 1 - Plasmacr i t  = 1 - Counts$cc. Plasma 

9.  C a l c u l a t e  z e r o  time whole blood a c t i v i t y  by  p r o p o r t i o n a l i t y :  
Zero time counts /cc .  Whole Blood = Zero time counts /cc .  Plasma x Pct. 

10. C a l c u l a t e  blood volume: 
T o t a l  counts  injected 

= Zero time counts /cc .  whole blood 

11. 

12. 

Pool plasma samples,  determine i r o n  c o n c e n t r a t i o n  on d u p l i c a t e  a l i q u o t s .  

Obtain blood samples,  (5 cc., hepa r in i zed ) ,  a t  3, 7, and 14 days. Count 
1.0 - 2.0 cc. a l i q u o t .  

Determine approximate per cent red' c e l l  i nco rpora t ion  of .Fe59: 

% uptakc - Zero  time count /cc .  whole blood 

13. 
- Count/cc.  follow-up blood sample x 100 


