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INTRODUCTION: tion. The sum total of this move=

it is unfortunate that no single ment of iron results in the appear
ferrokinetic procedure can be relied ance of 75 to 90% of the injected
on to provide unequivocal information radioiron in circulating red cells
regarding the state of erythropoiesis within 2 weeks. The average
in any given siluation. As the radioiron incorporation or utilization

radioiron enters the bone marrow
" jt is incorporated into newly formed.
red cells, and a progressive increase

is approximately 80% in 7 o 10
days. The determination of radioiron
red cell utilization has been shown
to be a valuable measurement of

“ offective” erythropoiesis. Although
jation. When radioiron is injected it is difficult to make a quantitative

intravenously in a normal subject, estimation of red cell production
it is estimated ' that 85% of the

radioactivity goes directly to the

in radioaciivity appears in the blood
as labeled red cells enter the circu-

from this test alone, it generally can
be relied on to detect reduced red

marrow while 15% goes first to iron cell production in instances when
storage areas (liver and spleen), to the marrow morphology may be
be released later for red cell produc- misleading.
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In ordar to calculate the amount
of iron going to the circulating red
cells, it is necessary not only to
determine the plasma iron turnover
(PIT) but also the distribution of
radioiron between red cells and
other tissues at 2 we*ks. A conve-
nient measure of effeciive red cell
production is the red cell iron turn-
over. It records only that fraction
of iron utilize in the synthesis of
viable mature red cells. Theoretically,
the red cell iron turnover rate should
be a more accurate quantitative
measurement -of effective erythropoi-
esis than the PIT rate. A calculation
of red cell iron turnover rate
(RCITR) or erythrocyte iron turnover
(E11) was also devised by Huff et
al, (1) Here, 1the plasma  iron
turnover (PIT) was divided into a
red cell poriion (eryihron turnover)
and non-red cell portion (non-eryth-
ron (urnover) according to the
amount of radioiron Present in the
red cell mass at 10 10 14 davs. It
is possible to assess the erythron
turnover by subiract from the PIT,
the non-erythron turnover which
can be computed from the plasma
iron level, plasmatocrity, and a
constant (00035) (2-3). The eryth-
ron turnover value has been claimed
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to be a highly quantitative measure -
ment of the numter of nucleated
red cells in the marrow and their

hemoglobin synthesizing capacity (3)

We are presenting our results
of the detail studv of the red cell
utilization, red cell iron turnover
and erythron turnover in healhy
Thai children in Chiang Mai area.

MATERIAL AND METHOD.

The format of the study was

similar to those described by Huff
et al{l) and Finch et al(2) as

reported in detail by Kulapongs et

al.(43) Five healthy young children,
1.5 10 4 years of age, were studied.

CALCULATIONS.

C.P., a 4 year old Thai girl
weighed 8.74 Kg. with a hemoglobin:
level of 12.5 gm/100 mi, hemato-
crit 38%. plasma iron level of 121
meg/ 100 ml with TIBC 330 mcg/
100 ml. and the plasma iron turn-
over PIT value of 0.98 mg/100
ml whole blood/day, 5:91 mg/day
or 0.676 mg/Kg/day is used as an
example.

1. BLOOD VOLUME AND RED CELL MASS.
Biood volume = Plasma volume x 100

100 - corrected Het

- 402 x 100

= 602 ml

100 - (38 x 0.96 x 0.91)
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Red cell mass

Blood volume - Plasma volume
602 - 402 = 200 ml. or 22. 88 ml/Kg.
1. TOTAL RED CELL [RON-

Total red cell iron = Blood volume (ml) x Hblgm/100m1) x 3.4
100

= 255.85 mg total or 29.27 mg/Kg.
Here, 3.4 is the amount of iron (mg) in 1 gm. of hemoglobin.

- RED CELL UTILIZATION.

(RBCU)

The red cell utilization of
radioiron expressed as a percent of
the injected activity is simply
calculated by comparing the highest
blocd activity (between 10-14 days)

with the zero time activity. This
calculation is dependent on the
accurate  determination of the
blood activity constant blood volume

and the adopied value of the mean
body hematocrit (0.91).

RBCU = 14 days activity/m! blood x Blood volume x 100
Total injecied activity
= 2,311x602 x 100 = 78.70 %.
1,767,589

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

Red cell iron turnover indicates fraction of iron utilized by bone marrow
erythroid cells for hemoglobin synthesis.

PIT x maximal red cell wiliza.ion
1.32 x 78.70

100
= 1.039 mg/100 ml blood/day.
7-96 x 78.70

100

= 6.265 mg/day

or = 0.717 mg/Kg/day.

RCITR

non

or RCITR

H
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TABLE 1 : RED CEIL UTILIZATICN,

IN HEALTHY CHILDREN.

RID CF11 JFCN TURNCVIR AND IRYTEECN TLRMCVIR

ADULT VALUES (2,3.8,)

stk aa buelEnk Jok x =+ SD.
AGE (yr.) 2.0 | 1.5 |15 | 175 | 40
BODY WEIGH (Kg) 11.24] 7.26 | 6.88 | 11.20 | 8.74
Hb. (gm/ 100 ml) 12.70] 12.30] 11.40| 12.40 | 12.50 | 12.26 _* 0.50
Het. (%) 39 35 36 355 | 38 36,70 _+ 1.72
PLASMA IRON (mcg/100 ml) 172 | 114 | 1805 88 121 | 136.90 * 42.33
T1BC (mcg/100 ml) ap1 | 200.5| 337.5| 286.5 | 330 |313.50 % 22.77
BLOOD VOLUME (ml) 7711 | 675 | 535 | 836 | 602
RED CELL MASS: (ml.) 063 | 176 | 168 | 259 | 200
s (m1/Kag) o34 | 242 | 24.4 | 231 | 2288 | 23.50 £ 0.67
TOTAL RED CELL IRON (mg) | 332.92] 240 47| 207.37 | 352.46 | 266.85 | 277.81 * 62.16
RED CELL UTILIZATION (%) go.54| 92.08| 90.93| 73.31 | 78.70 | 83.29 £ 8.37 g0 (74 - 86)
PLASMA IRON TURNOVER RATE
: mg/100 ml blood/ day 1.49 | 1.14 | 1,78 | 095 | 1.32 | 1.82 + 0.30 0.70 (0.8 - 0.85)
: mg/day 11.47] 658 | 9.25 | 7.8 | 7.06 | 8.64 = 1.84
RED CELL IRON TURNOVER
: mg,/ 100 ml blood/ day 120 | 1.08 | 1.57 | 070 | 1.04 | 1.11% 0.30 0.66 (0.3 - 0.7)
: mg/ day 9.03e | 6.118| 8.411 | 5.850 | 6.265 | 7.176 £ 1.54 29 (20 - 39)
: mg/Ka/ day 0.822 | 0.843| 1.223) 0.522 | 0.717 | 0.825 £. 0.255 0.62 (0.43-0,72)
RBC IRON RENEWED (Z/ day) | 2.78 | 2.54 | 4.06 | 1.66 | 2.45 | 269+ 0.87 1.3 (0.9-1.8)
NONERYTHRON TURNOVER
(mg/100 mi blood/ day) 0397 | 0.277| 0.455 | 0.213 | 0.283 | 0.326 + 0.095 0.16 £ 0.001
ERYTHRON TURNOVER
(mg/100 ml blood/ day) 1.003| 0.863| 1.275| 0.737 | 1.037 | 1.001 + 0.207 0,60 + 0.02
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V. PERCENT RBC IRON RENEWED PER DAY,

The amount of iron utilized by bone marrow erythroid cells for hemoglobin
synthesis can be expressed as fraction of total red call iron as follow:

RBC Iron renewed = RCITR (mg/day) x 100

Total RBC iron (mg)
= 6.265 x 100 = 2.45 J per day.

255.85

VI. ERYTHRON TURNOVER.

The erythron turnover value is calculated by subtracting the non-erythron

turnover from the plasma iron turnover.
PIT - plasma iron (mcg/ml) x Plasmacrit x 0.0035

(_1_2__1_ x (100-33.19) } x 0.0035

ET

n

100
1.32 - 0.283

RESULTS.

1.037 mg iron/100 ml. Blood/day.

Results of the study in 5 healthy children is tabulated in Table I

COMMENTS.

The utilization curve portrays
the appearance of radioiron in the
circulating red cell mass. In normal
adult subjects (2,7) and our normal
children. about 80% of injected iron
is found in the circulating blood at
14 days. Usually there is a delay
of approximately 1.7 days and then
an exponential release of radioiron
from the marrow with a T % of
about 1.8 days. Since the radioiron
is fixed within a few hours within
the erythroid marrow as hemoglobin,
the lag phase represents the time
required for labeled ceils to mature
and released into the circulation.

Because the normal red cell utiliza-
tion of radioaciive iron may be as
high as 90%, a further increase has
little significance. A decrease utiliza-
tion, however, is an important

finding and suggesis that mature
red cell are destroyed shortly after

their release from the bone marrow
(hemolysis), that immature red cells
are destroyed in the bone marrow
before their release to the circulation
tineffective erythropoiesis), or that
serum iron, because of slow bone
marrow uptake, is diverted to non-
erythropoietic tissues (bone marrow
hypoplasia).  Severe peripheral
hemolysis can be recognized from
the shape of RBCU curve which
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displays an early rise (shortened
mar ow transit time), an early
maximum utilization, and a subse-
quent fail-off (FIG.II). Ineffective
erythropoiesis is characterized by a
shortened radioactive iron disappea-
rance rate and bone marrow
hypoplasia by a prolonged radioactive
iron disappearance rate. In ineffective
erythropoiesis most of the radioactive
is never seen in the circulating red
celi mass. One of the most direct
way to examine the meaning of the
utilization curve is to determine the
upiike distribution of  radiaton
amoag the erythroid cells of the
bone marrow and to derive from
other pirameater of erythropoiesis the
time required for th:se libzled cells
to appear in the circulating blood-

Calculation of erythrocyte iron
turnover (EIT) or red cell iron
turnover rate (RCITR) is the product
of plasma iron twrnover (PIT) x
red cell utilization (RBCU) and is
therefore, influznced by th: manner
of cal:zulation of each. In addition
to the correction factor for trapped
plasma volume, another fixed cor—
rection factor for the mzan body
hematocrit is involved. The former
is invalid in patients with hypo-
chromic and/or abnormal shape red
cell, while the latier correction
factor cannot be used in splenome-—
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galy. In any patient whose mean
body hematocrit may be altered,
such as in splenomegaly, it is
necessary to determine red cell
mass separately with the>!Cr-tagged
red cell technique. In ‘‘ineffective”
ervihropoiesis and in “hemoiytic
anemias”’ the RCITR value under-
estimates effective erythropoiesis(”'
In these conditions red cell wiliza-
tion is depressed for 2 different
reasons: (1) in * hemolytic anemias
the coniinuous turnover of radioiron
thrcugh the erythron-reticuloendo -
thelial circuit results in a uniform
specific activity of its iron and
utilization will be depressed propor-
tionate to the radioiron held in the
ervihroid marrow and RE cells,
and‘?) in “ineffeciive” erythropoiesis,
the utilization curve has not yet
reached an equilibration state at
2 weekss since most of the radioiron
is still cvcling between erythroid
marrow and RE cells. While the
RCITR value can not bz considered
to have quantitative meaning in
patients with hemolytic anemia or
ineffective erythropoissis, it can be
used as a rough indication of the
efficiency of erythropoiesis.

A convenient and more precise:
index of effective red cell production
is the erythron iron turnover since:
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it records only that fraciion of iron
utilized in the synihesis of viable
maiure red cells. Theoreticaily both
the RCITR and erythron iron
turnover rate should be the more
accurate quantitative measurements
of effective erythropoiesis than the
PIT rate. But these tests are also
dependent upon the measurement of
plasma disappearance raie and PIT
and hence are limited by the errors
inherent in those determinaticns. At
any rate, the erythron turnover
value has been found o be a highly
quantitative measurement of . the
numb:r of nucleated red cellsin the
marrow and their hemoglobin synthe-
sizing capacity(3)

Results of our study indicated
the higher iron turnmover rate in
young children than adult subjects,
confirmed the results obtained from
the plasma radioiron turnover study.

SUMMARY.

Detailed study of the kinetic
of the injected  radioactive iron
(;%Fe) in the body is carried
out in 5 healthy young children.
The results of red cell utilization
study indicated that 83.29 +8.37%
of injected radioiron is 1aken up by

o

the hemopoietic and storage tissues
and. later incorporated into ihe
hemoglobin of circulating red cell
mass. Theoretically the effectiveness
of bone marrow erythropoiesis can be
more accurately estimated by the
determination of red cell iron
turnover rate (RCITR) or erythrocvie
iron wrnover (EIT.) From the pre-
sent study it was found that the
average RCITR in our children is
1.11 £ 0.30 mg/100 ml whole blood/
24 hour or 0825+ 0.255 mg/Kg
body weight/24 hour which slightly
higher than those of the adult
subject. The more important parame-
ter is the erythron turnover rate
which has been found 10 be a
highly quantitative measurement of
the number of ervthroid precursor
and their hemoglcbin synthesizing
capacity. The erythron turnover
rate in our children is 1.001 *+ 0.207
mg/100 ml. whole blood/24 hour
which is also higher than the adult
value. Resulis of the study indicated
that in normal siluation iron turnover
is higher in voung children and that
those observed in diseased children
should be compared with these
values rather than the adult’s
values in literature.
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RED CELL UTILIZATION CURVE :

In normal person a maximum utilization is reached in 2 weeks.
With increased stimulation of the marrow , the appearance of

radiciron in red cell is accelerated. In hemolytic anemias the
curve displays an early rise, early maximum utilization and a
subsequent early fall-off within 2-weeks. Ineffective erythro-
poiesis is characterized by a flat curve since most of the ra-
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