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ABSTRACT
Radioiron loss by twelve normal subjects was studied for 300 days with

9

"a whvollé-body counter after intravenous Fe® ~ injection,

Ten subjects® average loss ‘rate was 0.030% per day or 0.89 mg per -
day, which was obtained by a careful analysis of geometry fa.ctéra‘and by the
supplvemental data obtained from peripheral blood, stool, and urine.

Radioiron loss in two ﬂubje’cts' sidol énd urine and that measured by

the whole-body counter 556u'ed good ag‘reement; - A |

| From the apalysisbi 5%:501 data, it is concluded that normal man-léees'ﬂ :
. blood in the intestinal 'tr‘;‘sce and this is the rouﬁe- of ‘Iargeét iron loss in man, -
| it was foundv't‘nai: the whoie-body ;Qdioaétivity curve enableg us to

measure the red cell life span.,
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WHOLE-BODY IRCON LOSS IN NORMAL MAN
C MEASURED WITH A GAMMA SPECTROMETER

Hiroghi Saito, Thornton Sargent, i1, Howard G. Parker, and
Joha H., Lawrence

Donner Laboratory of Biophysiecs and Medical Physics
University of California, Berkeley, California

September 17, i963'

The amount of daily loas of total-body iron in man has been difficult to
determine, although rriany workers have measured radicactivity in the blocod,
3&0614, urine‘, sweat, and bile {1, 2), after intravencus radiciron injecﬁon.
Measurement of this parameter is important for the clinical evaluation of
iron balauce az well ag in the basic study of iron metabolism in man, The
beagt apprloa,ch was that of Finch {3), who injected radioiron and then
measured the activity of iron<t5 in tie red cells. over a period of severalh
years, assuming that radiciron was uniformly mixed after one year, The
whole-body counter seemed to us, and also to Price and co-workers (4) at
Brookhaven, an excellent way to measure total-body iron loss, Although
thisz was scemingly a simple measurement, 2 number of problems
coraplicated an_aiysis of the data, Wg would like to pregent cur results and
interpretations which differ somewhat {rom those of Price and coeworkers,
2nd irnclude several {actors of geomeﬁfy and metabalism which they did not

talke into account.

MATERIALS AND METHODS
Twelve normal male human subjects, 19 to 43 years of age, were used
ixi this study. A history of previcus health was taken from each, and blood

volume, hemoglobin, hematocrit, and differential blood counts were
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perfor%ne& to recognize and exclude subjects with a,bnorrhalitiea of iron
metabolism, A low-background whole«body counter, having a 9 X 4-inch
cryatal of MNal(Tl) with a 100-channe! pulse-height analyzer, was used. The
gubjects were placed for counting on a special couch having a radius of
curvature of 1 meter with the crystal at the center, i,e., the "1-zﬁeter-arc"

59

geometry., The radiociron was administered intravenously as Fe citrate

at a specific activity of 40 to 20 puC/pg. Ten subjects received a dose of
5 .G, injected without having been incubated with plasma, The radioactivity
wasz more than body and room background until 240 days after the 5 uC
injeci:ion. Two subjects received intravenous injection of 18 uC of
radioiron that had been incubated with plasina, Their atocl :md urine
samples were counted by placing them on top of the crystal,
RESULTS AND DISCUSSION

Immediately after iﬁjccﬁon, all the radicireon is in plasma, but after
24 .hours, plasma radicivon level is less than 3% and most of the
radioiron has been taken up by red cell precursors in bone marrow, as
- known by autoradiography {5,6) and shown in Fig. 1, It ic then relecased
gradually into peripheral blocd over a peried of days. In ocur study the
whoie‘-body count of a subject immediately after injection was related to the
counts on the succeeding days, as shown in Fig, 2. The whole«body activity
decreased rapidly during the first sevez"al kours. By the time the radioiron
in the marrow was greatest, approximately i day affer injection, the
whola«body count had decreased v?:o 90% of the initial value; thereafter it
fose slowly as newly labeled red cells were released $o the circulating blood,

Thia transient decrcase of whole«body count can undoubtedly be related to
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the change of localization of radioiron., The count rcturﬁed to an average of
‘}7 % after i0 days, end stayed at this level almost without change until 50
days.

Loss of radioirdn during the first 410 days caanot be so large as to
account for this 3% decrease; activity found in ctool and urine during thié
time showed no correspond ing decrecasge. Most of the radiciron is fixed in
_ the red cell mase; fihu:a the whole«body count is influenced by the death of the
labeled red cells,

The wh wle«hody curve is almost ﬂa.t after 10 daye {Figs. 2 and 3), but
vthis d_oe@ not mean ﬂlai: n‘c_radioiron ig lost from ;hc body., It can be
“é:;plaim:d by lcs‘s of radioiron compensated by the movement of radiciren
from miscible tisoue to red cell mass—i,e,, further utilization(8). As seen
é.bova, this movement increascs the whole<body count, The daily stools'
‘showed constant radioaétivity during this time,

The initial radmwcn injection can be considered a,é equivalent to
sirmultaneous death of one generation of labeled red celle, causing the sudden

appcarance of radioiron in the circulating serum iron. This same gituation .

\.J

.

can be expected to cccur again apprexihmte‘iy 120 d"-'s later, except that
then the death of the red cells takes place over a wider time distribution,
Therefore, the daily whole -body counts would agai.n’;. changs as in Fig. 2a,
- except that the s;oread'{n time g.f death of red colls woizld tend to make the
d:m wider and anz«ulowcr | |

The average utﬂ.mation of radzoiron was 90%; g&ais means that about
10‘*’ ‘was kept in tissues. This redistribution appears to account for most
.'of the degrease of the wiiale%ody count from 100% in medaaﬁely after |
iﬁjvcétion a;zd' the retura to 97% i0 aays after, ;Thics sa.me effect should be

_ observed égain'at the time of death of labeled red cells, »Although the

:



canacity for utilization should be the same the samo subjcct gstorage
parditicn should recult in appearance of legs radioiron in the second
generation of labeled red celis. This kind of gtepwice decrease will be
reflected in the wholeebody count, It can be e—:{pecﬁed to oceur repeatedif
until the radieiron in the body is uniformly mixed. it may take about a year
{3) for virtually complete mixing,

btained ghowed such a sicpwise decrease, as

The wholcebody count o
igure 3a shows individual éus:vcs ower 300 daya, and the solid
Hoe of Fig, 3b 3116\1:&: a.ﬁ average curve obiained from Fig. 3a.

A decreass of wholesbody activity after 50 days docs not neces aamly
racan a higher rate of loss of radiciran from the body, [t includes death
of the labeliod popuiation of red cells, causing movement of radiciron to
mmiscible tissue irom, This radisiron is then incorperated into new red cellg,
but some fraction remains in tissues, A small loss of radioiron from the
body may also occur at this time, as is discussed later., After the obscrved

decrease the curve was nearly flat again from 160 to 250 days., The integral

eiiect of the deathx of the first generation of labeled red cells and reutilization

Q.a

by the sccond generation produces a decrease of whole-body count, The

effect of the rediztribution after the initial injection was a 3D decrease in

or

whole-body count, and the utilization of the {irst labeled red cell generation
wasg 98%. The initial radioiron injection ig comparabie to ved cell death
though excluding i:he route through the RE cells, Howeﬁer. the high
1euti1ua"sa'ﬁ {7, 8} Bugrfeets that the effect on the whole~body count of such
radiciron retem:ion in RE cells is negligible, Therefore the effect of red

ceil death should be 2,7% {90% of 3%).
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If, on the whole«body acﬁvity curve (solid curve in Fig, 3b), we draw a line
from the first peak to the sccond peak, it skows 2 slope of 6.3% per 120
days, {The 120-day period was chooen as a normal red cell life span., The
effect of ctorage rotontion occurs once per red cékl life span, and this
oceurred between the peaks,) Therefore we can obtain the loss in 120 days by
subtracting 2.7 7% {the effect of storage retention) from 6.3% {loss plus effect

of storage retention). Thus 6.3% = 2.7% = 3.6%; 3.6% per 420 days = 0,030%
g pe Y

per day.,

l;’

The dotted line in Fig, 3b was constructed by adding the logs rate—i.e.,

0.030% per day—to the average whole-body activity curve (uolid line) in

5.

Fig. 3a. This dotted curve then represents the expected whole~body activity

.

curve if no loss of radioiron occurred., If we subtract 5.7% {total of

L3

0%
and 2,7%} from 100 {at zero ci:'.‘y),‘ ¢this level represents the decrease of
whole«body activity by the effect of storage retention, and intersects the
constructed curve at 120 days., Therefore it is known that the 120-day red
cell iife span chosen for the éaiculai;iori of loss and the 2,7% figure for the
storage reciention were adequate,

The radiciron loss in stocl and vrine wae analyzed as fellows., Total

excreted activity {cumulative as of each day) was plotted as a function of

(83}
D

days after injection, There were two components in the cumulative Fe
excretion curve; the first prevailed until 8 %o 10 d&y’s and the gecond
componant prevailed thereafter. Samples mkeé much later in subject J. Z.,
alnd slightly less later in subject T.L., showed logses at the saine raspec-
tive rates, as indicoted in Fig. 4a. Radicircn excretion was larger during

the first 10 days than é\;ring the period of the second component., Subject J.Z.

3l

excreted 0.66% and T. L. 0.45% of the total radioiron in the stool withir 14 days,



The first slope, coding within 10 daye, coeincides with the period of
exioliation cf the mucous epitheliz a2z described in the v by Leblond and
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agtrointestinzl epithelia, which forins nonhomoglobin iron: hemosiderin and
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Thercfore, the first slope represents the loss of nonhsmogiobin

.

'*«hoi*-o*z cceurring by exfociiation of muceous epithelia {ollowing intravenous

o

= lost with bile (11); howawver, it is
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difficult to coencelve of ¢continucus loss of radioiron throuzyh bile when the
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zzrwm radiciron level iz very low, Lceblond found ne sign of renewal of liver
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that the logss of radiniron reprecented by the second slope
means the loss of blood in the infestinal tract. Such a route of loss i normas

subjects was suggested by studies by Ebaush and Beclken (12) and by iarris

pewcidine tcot, wi

ivaks fromi red cells,
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The recults presentzd here would imnly daily intestinag!l bleeding at around

2.0 m! (1.0 mg} in subject J. Z. and 0.6 mi (0.3 mg) in subject T, L.

i

adloirog

According to the above interpretation, the peeling analysiz of the

loss curves in the stool yiclds a rativ of hemoglobin iron to nonhemoglobin

3

ivon of 10:1 i J, Z, and 3:4 in T.L, per red cell life span of 423 days and
120 days respectively, which were obtzined from their peripheral red cell

activity and whole-body activity curves {8).

e loas of radioiron in the urine is shown in Fig. 4b., This must

.

represent iron loas by exfoliation of the urogenital epithelia, sin

0
(¢
ot
o
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occurred for the same 10eday veriod as loss from the intestine, and
homoglobin i not lost via the urine,

Tha fotal zmount logt within 10 days in urine was 0.048% in J, Z, and

0.,639% in 7. JL. The fractional araount excreted into the urine in the form of

K1

erated in the stool

1

nenhemaeglobin iron was 0,035 for J. Z, of the ameount ex
during 19 days after injection, and 0.022 in T.L, The radicactivity in the
arine after 10 days was undetloctable in a 24-hour count with urine 2t the

center on top of the § X 4«inch crystal, One subject net included in thes

datz showed e larger amount of urine radicactivity than these subjects, and

analysic of the gamma encrgy proved that i was cobalt«60, apparently as a

5G
. . Py . 2
contaminant of the injected Fe” ' {Abbott Laboratory, Oak Ridge, Tennessee).
The whole~body astivi vity eurves of each subject showed 2 losc of

[

radicac mvuy very close to that found in the cteol and urine, as shown in

Tabie I. Thercfore it i3 concluwded that the iven less 18 mostly into sotool,
There may be a glight dificyence in the radioiron losz rate batween the

time of ¢he firot labeled re d cell gencraticn, and after mixing of radiciron

ceur becauwse lose of radiciron

£
(L
9]

with bedy ivon isg compietc. This wo
fyom: the red cell mass will decrease, and loss from nonhemoglobin iron will
increase, 2s the 10 to 20% of radiciron moves from hemoglcbin to stores in
the course of mixing, However, the total change in loss rate after cur
experirsental 1,\,mm}. would be very zmall, cince the wholeebody activity
curve of Fig. 3b suggeots that the mixing of radiciron was 2lmost complete
afler the dealh of the first labeled red cell population. dMoreover, the
decreased loss from homoglobin radiciron would be mostly compensated by
the increased logs from nonhemoglobin radiciron,

The a.ve'"aﬂe hemoglobin iron calculated from each subject's blood

volume and hernogiobin concentration was 2364 mg, as shown in Table I



(AT S - 5 . \ . . i i - -
£0.3347 of hemogiobin oo iren by weight), and totel miscille tissue iron was

A TN ~ LAt R Rd S oae ey - % g 3 3 . - " 3 - -~
awen 22 600 mgl3), Therefore, miscible total-bady iron waes taken as

miscible ivon gives an average tctal-body ireon loss figure of (.39 my per day,
This ig smaller than the absorotion fwv e obtained from the same subjects
uged for the logs study; 9% absorption for 45 wmng daily iror intake makeg
1,35 me ser day{it)., Howewer, when iron ig absorbed from food, the
abscrption is lusy than from the elemental iron {15481,

The looss fizure obtained by Finch was €.81 mg per day, which ig

o

smmaller than cure., Thia may be due to Aifferences in the subjects; the

average age of hiz was 706 years and 32 years for cureg, and total miscible
iron was 2685 mp for his and total miscible iron 2964 my for curs. There

wnay of courss be dilferences due to differcnces in method employea,

o 7T .

Iowever, the daily porcentage logs rate found here, 0.0306% ia in ve csonable

ey

< © -

agveement with the 0,023 % fcund by Finch in o stody lasting 4.5 yeurs, Price

I

a whoicsbedy counter, studied loss i pat

e

and cowworkers = {1}, also ugin ants

9,

with hermatolazical disocrders, COn thz basis of only 3 normal subjects

studicd over 25+400 days, they belicve that a normal range of 0, 7.0- 0.482

percent (ozs ner day is indicated., This is much higher than ocur data or

those of Fiunck, and cannot be reconciled with daily ivon absorption values,

»,-w

i. ae average whole«body iron loss of twelve normal subjects was

L

Canalyned and explained by the change of distribution and a z3mall amount of

3

on losa, The normal radiciros losz cccurred mostly in the atool,

mainly as blood loss and partly as the loss by exfoliation of mucous epithelia.

A ginall quantity of radicirvon loss in the urine due to the exfoliation of

urogenital epithelia was suggested,
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2. The average normal iron loss rate was 0,030% ‘per day or
0.89 mg per day, Thi.é‘ normal iron loss figure is in recasonable agreement
.wi‘t.h the daﬂ& amount of iron absorption. |

3, Tﬁe whole~body counter can detect a very minute amount of iron
loss within a short period of time, This is the éimplest and most accurate

method for measuring the loss of body iron, .

Acknowledgxmhf is extended to Mrs. Elsa L. lsaac for technical
aseistance,
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Table I. Loss rate per RBC life span

Logs in L.ossin Total loss in lL.csg as ghown

Subiect life stool & gampled stool, urine, and by
ubj span urine blood sampled blood whole-body count
{days) %Y %) (%) B A
J.2. 123 3.8 2.0 5,8 _ 5.5
T. L., 120

i. € 1.0 2.6 2.9




Table I, Summary of experimental data.

Miscellaneous data of 10 subjects (5 C group) and 2 subjects {18 pC group)

&a{ﬁé‘ Age Wt Height RBC )E:L He  SI - UIBC  TIBC Sat. RCV RV BV R:i
v ‘ (g} (em) (million) ) {g) CGug/an) (pg/dl) {pg/dl) {B)  {ec) (cc) {ce) (ng)
C.p. 43 81 | 173 5.37 f§6.0‘15..0‘ 6 422 490 43,9 2429 2574 4700 2355
R.G. 40 37 18’0--'»"_' 572 50.0 16.5 114 - 374 488 23.4 2487 2386 5070 2794
CK.K. 27 51 158 5.18  46.0 15.3 410 289 - 397 27.7 1350 2317 3667 1874
‘R.M. 26 70 :_'1%7 5.35  47.0 15.0° 75 389 464 16,4 2409 2516 4619 2314
MM 35 6_2 160 4.95 48,5 16.0 136 334 470 28.9 1935 2550 4485 2397
CH.P. 35 9 am 5.01  45.5 14.8 85 345 430 19.8 2251 2413 4664 2306
T'.,Y..;_- 19 54 174 5.03  48.0 5.2 150 363 513 29.2 1773 2475 4248 2157
JHLW. 32 68 - 480 5.0  47.5 15.3 104 205 366 27.6 1836 2559 4395 2246
'B"._"r.u”éa 17 194 5.43  47.5 5.8 107 206 313 3;4.2» 1927 2814 4941 2607
C.R. 29 7 170 6.19  45.0 5.2 4144 155 299 48.2 2053 3050 5103 2591
Average |
3270 4737 5.23 . 47.4 5.4 409 308 417 26.9 1985 2535 4589 2364
J.Z. 3717 473 5,05 465 15.6 62 t14 475 43,1 2238 2644 4882 2543
T.L. 24 74 180 5.05  45.0 4.6 138 352 190 28.2 2142 3148 5260 2565

VO

-
!

HLIBTL =7
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FIGURE CAPTIONS

1. Subject T. L. scanned 30 hours after iv injection of 18 uC Feo,

The radioiron concentration in vertebral, pelvic, sacral, costal, and
caput humeri regions are shown. Storage retention in liver and slightly

in spleen are also demonstrated. Blood radioiron level at the time of the

" scan was 3% of the zero-time activity,

2. Chvavnge of whole-body activity after intravenous injection of
radioiron., (a) Experimental data. (b) Curve representing average of (a).

3. Whole-body activity of ten normal subjects.
(a) Ekperimental data, (b) Solid line: avera'ge of (a); brpken line:
constructed no-loss curve, |

4. Cumuiative excretion in stool and urine .of intravenously injected
Fe59. ' - | '

O Subject J. Z..

® Subject T, L.
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