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tion. The sum total of this move-

ment of iron results in the appear

ance of 75 to 901 of the inject€d

radioiron in circulatirg red cells

within 2 weeks' The average

radioiron incorporation or utilization

is approximatelY 807. in 7 to l0
days. The determination of rsdioiron

red cell utilization has been shown

to be a valuable measurement of
t' effective " erylhropoiesis' Alrhough

it is dilficult ro make a quanritative

estimation of red cell Production

from this test alone' it generally can

be relied on to detect reduced red

cell Production in inslances when

the marrow morPhology may oe

misleading.
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INTRODUCTION:
It is unforrunate that no single

ferrokinetic procedure can be relied

on to provide unequivocal information

,.gurJing the state of erythropoiesis

in anY given situation' As the

radioiron enters the bone marrow

it is incorporated into newly formeC'

red cells' and a progressive increase

in radioactivity appears in the blood

as labeled red cells enter the circu-

lation. When radioiron is injecred

intravenouslY in a normal subject'

it is estimated that 85% gf the

radioactitity goes directlv to the

mrrrlw while 157' goes first to iron

storage areas (liver and spleen)' to

be released later for red cell produc-
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In order to calculale the amount
of iron going to the circulating re{
cells, it is necessary not only to

determine rhe plrsma iron turnover
(PIT) but also rhe distribution of
radioiron bctween red cells and
other tissues at 2 we-ks. A conve-

nienr measure of effecrive red cell
proJuctirn ls thi red cell iron turn-
over. It reccrds only that fraction

of iron utilize in the synthesis of
viable mature red cells. Theoretically,

the red cell iron rulnover rate should
be a more accurare quantilative

mca (.urcmenr ol effecrive erythropoi-
esij (lran rhe PII'rate. A calculation
of rcd cell iron turoover rate
(RCl lR) or er) throcyte ir,rn turnover
(Ll I ) was also devrsed oy Huff et

al. ( l) Here, rhe plrsma iron

rurnover (Plft was divided into a
red cell porrion (eryihron turnover)

and non-red ceil porlion (non-eryth-
ron rurnover) according to the
anroul)t of radioiron Present in the

red cell ma.s ar l0 ro 14 days. It
is pos.ible to aisess the erythron

turnover by-. subtract from the PIT'

lhe non-erythron turnover whlch

can be corrputed fror.n the Plasma
iron level, p asmatocrit' and a

con:tant (000j5) (2-3). The erYth-

ron turnover value has been claimed
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ro be a highly quantitative measure -
mer,t of the nurntcr of nucleated

red cells in the marrow and their

hemoglobin synthesizing capacitv (3)

We are presenting our tesults.

of rhe detail studv of the red cell

utilizarion, rcd cell iron turnover

and erythron turnover in heal hy

Thai children in Chiang Mai area.

MATERI,{L AND METHOD,

The format of the study was

similar (o rhos: described by Huff
et at.(l) anl Finch er n1 (2) a5

reporred in detail by Kulapongs et

n1.(4'51 plug healthy young children,

1.5 ro 4 years of age, ryere studied.

CALCULATIONS.

C.P., a 4 year old Thai girt

$,eighed 8.74 Kg with a henroglobin

level of I 2.5 gm/ 100 ml, hemato-

crit 38I plasma iron level of l2l
mcg/ t00 ml with TIBC 330 nrcg/

100 ml. and the plasma iron turn-
over PIT value of 0.98 mg/100

ml whole blood/day, 5'91 nrg/day

or 0.676 mC/KCiday is used as an

examPle.

BLOOD VOLUME.AND
Blood volume '

RED CELL MASS.

Plasma volume x 100

100 - corrected Hct
= 402 x 100

100-(38x0.96x0'91)
= 602 ml.
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Red cerr '*' 
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II, TOTAL RED CELL IRON.
Totat red ce[ iron = Blood volume (ml) x Hb(gm/ | 00ml) x 3.4

= 602 x-12.5 x 3.4 
loo 

i

100

- 255.85 mg toral ot 29.27 mg/Kg.
Here, 3.4 is the amount of iron (mg) in I gm. of hemoglobin.

III. RED CELL UITL]ZATION.

..*"=.i.:

67

(RBCU)

The rcd cell utilization of
radioiron expressed as a p3rcenr of
the injecred activiry is simpty
oalculated by cornparing lhe highest
blood activiry (between l0- I4 63y51

with rhe zero time activity. This
calculation is dependent on the

accurate determinarion of the

blood activiry constanr blood volume

and rhe adcpred value of the mean
body he:natocrit (0.91).

RBCU - 14 dlys_ activjty/mt blood x Blood volume x I00
Totat injecred acrivity

- 2,31lr 602 x 100 = 78,70 l.
t.ia-,s8d

IV. RED CELL IRON TURNOVER RATE (RCITR) OF ERYTHROCYTE
IRON TURNOVER (EIf)

Red cell iron rurnover indicates fraction of iron utitized by brne marrow
€rythroid cells for hemogl.rbin synrhesis.

RCIIR = PIT x maximat red cetl utilizarion
= t'32 x 7!!

100

- I.039 mgl100 ml btood/day.
or RCITR - 7,96 x "18.'t0

t00
- 6.265 mclday

or - O.7l7 mc/Kelday.
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V. PERCENT RBC IRON RENEWED PER DAY.

The amount of iron urilized by booe marrow erytbroid cells for hemogtobin

synthesis can be expressed as fraction of total rc'd call iron as follow:

RBC lron renewed = RCITR (mSldqy) x I00
Total RBC iron (mg)

= _6.?"61_f__l!9 - 2.4s 'L per day.
2 55.8 5

a9

subtracting the non -erythron

= 1.32 - 0.283
= 1.037 mg iron/100 mt. Blood/daY.

RESULTS.

Results ol rhe study in 5 healrhy children is tabulated in lable L

VI. ERYTHRON
The erythron

turnover from the

ET

COMN,{ENTS.

The utilization curve portrays

the appearance of radioiron in the

circulating red cell nrass. In normal

adult subjecrs (l'7) and our normal

children, about 80% of injJctcd iron

is fourd in the circul:ting blood at

l4 d rys. Uslrallv there is a delay
of approxirnatcly 1.7 days and then

an er,porcn:i.rl relcasc of radroiron

lrorn the rnirrrow \iih a T ]- of
ab.'ut l-8 dals, S,nce ihe rrdioiron
is fixed wrthin a few hours within
the eryrhroid marrow as hemoglobin,

thc l:g pha:e represenls rhe rime

required for labeled cells to marure

and released into the circulation.

TURNOVER.
turnover value is calculated by

plasma iron {urnover.

= PIT - plasma iron (ncg/ml)

f tzt x (too-::.ts) \
= l.ZJ-l r ^^ I

\ IUU

x Piasmacrit x 0.0035

x 0.0035

Because the normal red cell utiliza-
tion of radioaciive iron ma1, be as

high as 90%' a funher increase has

lirtle significance. A decrease utiliza-
tion, however, is an important
finding and suggesrs that mature
red cell are de:trored shortlv afrer
their release from th; bcne marrow
(hemoivsis), thar immature red cells
are destroyed in rhe bone n:arrow
before their relea-re to the circulalion
tinel'fecti!e erythropoiesis), or that
scrum iron, because of slo\.v bone
marrow uptake, is diverted to non-
erl thropoietic (i:sues (bone marrow
hypoplasia). Se|ere peripheral

hemolysis can be recognized from
lhe shape of RBCU curve which
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displays an early rise (shortened

mar ow transit timc ), an early

maximum utilization, and a subse-

quenr fall-olf (Flc.lll). Ineffective
er)thropoiesis is characterized by a

sh.rrtened radioactive iron disappea-

ranae rate and bone marrow
hypopl.rsia bv a pro'orged radioacrive
iron disappearan.:e rate. Lr inelfective
erythrop"irsr' mosr of th-' radioactive

is never seen in th: crrculating red

celr mass. One of the most drrect

way to exlmine the meaning of the

uLilrzaLion curve is to det;nninc the

upiJke distribdtion of radia rion

amo.rg the erythrord cells of the

boue nrarrow and to derive liom
olher p rra mller of eryihropJiesis the

tinre required for th,'se lrbsled cells

to appedr in the circulating blood.

Calculatioo of er! lhroc! te iron

turnover (El f) or red cell iron

turnover ratc (RCIIR) is the product

of plasma iron turnover (Pl f) x

red cell utilization (RBCU) and is'

rh.reibre. inf tu:n:el bY th: mirnne r

of cal:ulatiot of eJch. Io addrtio:t

to the correction factor for trapped

plasma volume, another fixed cor-

rection factor for the m:an bodY

hematocrit is involved' The former

is invalid in Patients with hYPo-

c,rromic and/or abnormat shaPs red

ccll, while the latter correction

factor can not be used in sPlenome-

\/o!. I No, 2

galy. In any patient whose mean

body hematocrit may be alrered,

such as in splenomegaly, it is

necessary ro determine red cell

mass separately rvith the5 lCr-tagged

red cell technique. In "ineffective"
erl,rhroporesis and in "hemolytic
anemias" the RCIfR value under-

estimares effecrive e,ythropoiesis(3)'

ln the'e conditions red cell uriliza-
tion is depri'ssed ior 2 different

reasons: (l) in hernolytic anemias

the coniinuJuj (urnov!'r Of radioiron

thr. ugh the ery thron- reticuioendo -
thelial circuit resulls in a uniform

sirecrfic acrivity of its iron and

urilizaricn will be deprcssed propor'

tionare to the radioiron held in the

erythroid marrow and RE cells'

and(2) in "ineffcc ive" erythropoiesis'

the utilizalion curve has not Yet

reached an equilibration state at

2 weeks' since most of the radioiron

is slill c-\cling betrvcen erythroid

marrow and RE ce lls. While the

RCITR value can not b: corrsidered

to have quantitativc rneaning in

patient5 with hemoll tic anemia or

ineffective erythropoiesis, it can be

used as a rough indication of the

efficiency ol' erYthroPoiesis.

A convenient and more Precise

index of eflective red cell production

is the erythron iron turnover since
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it records only rhat fraction of iron
ulilized in rhe synrhesis of viabte
marure red cells. Theoreticaily borh
the RCITR and eryrhron iron
lurnovcr rate should be rhe more
accutate quantitative measurements
of eflective erythrol;oie:is lhan the
PII rare. But these rests are also
dependent uoon rhe measurenrenr of
plasma di.appearance rare and plT
and he,rce are limited by the errors
inhcrent in tltose determinati( ns. Ar
any rate, thJ erythron turnovcr
ralue has been founl ro bea highly.
quanlllaliv!' mca surenleitt of the
numb-r oi nu:leated red c:,lls in the
n'rarrory and thcir hemoglobin sl nthe_
sizing ca pacity(3 )

Results of our study indicated
the higher iron turnover rare rn

_voung clri drcn than adtrlt subjects,

confirmed rl')e results obtained frcm
the plasma radioiron turnover :tudr..

SUMMARY.

Dr'railed study of the kineric
of the iDjecled . radioactive iron
(,59pg; in 15r body is carried
out in 5 healrhy young children.
The results of red cell utitization
study indicated rhat 83.29 ! 9.37%
of injecred radioiron is raken up b,v

9I

rhe hernopoietic and storage tissues
and. larer iocorporated inro rbe
hemoglobin of circul.rting red cetl

mass. Theorer icrlly the effecriveness

of bonemarrow erythropoiesis can be

more accurarely esrimared by the
dererminar on of red cell iron

turnJver ratc (RCIIR) or er\ lhrocvre
iron rurnover (ElT.) From thc pre-
sent studv it u,as fcund that the

average ITCITR in our children is

I .l I + 0.30 mgl I 00 ml rvhole btocd/
24 hour or 0 825 + 0.2ji melKg
bodv rvcight/24 hour which stighrly
higher rhan rho.e of lhe adulr

subject. The more imporrant parame-
ter iS the er)thron turnover rate
which has been fcund lo be a

highly qu:r nrita r ive nreasurement of
the nunlber of enthroid precursor
and their hemogl, bin synrhcsizing

capaciiy. The eryrhron turnover
rare in our chiidren is 1.001 + 0.207
mg/100 mt. whote btood/24 hour
which is also hrghrr rhan thj adult
value. Resulis ol the srudy indicated
thrt in normal .iruarion iron turnover
is highel in 1,oung children and rhar
those observed in diseased children
should be compared wirh these
values rarher than rhe adult's
values in literature.
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FIGURE III. RED CELL UTILIZAT1ON CURVE
In normal person a maximum utilization is reached in 2 weeks.
With increased stimulation of the marrow, the appearance of
radioiron in red cell is accelerated. In hemolJrtic anemias the
curve displays an early ri.se, early maxiuum utilization and. a
subsequent early fall-off withrn 2-weeks. I neffective er5rthro_
poiesrs rs charac:erized by a flat curve since most of tlre ra-
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