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ABSTRACT 

Radioiron loss by hvelvc normal subjects wa.s studied for 300 daya with 

a. whole-body counter after intravenous Fe59 injection. 

Ten subjects' average loss rate was 0.030 o/o per day or 0.89 ing per · 

day. which v.·aa obtained by a. caxeful analysis of geometry !actors and by the 

supplemental data obtained £rom peripheral blood, stool, and urine. 

Radioiron loss in two subjects• stool and urine and that measured by 

the whole -body counte~ showed good agreement. 

From the analysis of stool data. it is concluded that normal man loaes: 

. blood in the h:.tcstinal tract and this is the route of largest iron loss in man. 

It wao found that the whole-body radioactivity curve enables us to 

measure the red cell life span. 
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The a•-rtount of daily loas of total-body iron in rr.t.an has been difficult to 

determine, although many workers have measured radioactivity in the blood, 

stool, urine, sweat, and bile ( ~. Z). after intravenous n1dioiron injection. 

Mea.suren•cnt o£ th.is parameter is importa:.:t !or t.~e clinical evaluation of 

iron baln.n.ce az well as in t!H! basic study of iron metabolisrn in m<m. The 

beat aj_)proach was that of Finch (3). who injected 1·adioiron and than 

measured the activity of iron .. 55 in ti1e red cells over a period of several 

years, assu:r:ning t.~at radioiron was unifot·m.ly rr-..ixcd after one yea1.·. The 

whole-body counter seemed to us, and also to Price and co-workers (4) at 

Brookhtlven, an excellent way to measure total-body iron loss. .AJthough 

this '11/as seemingly a simple Ineasureznent, a number of problems 

complicated a.T~..alysis o! the data. We would like to present our results and 

interpretations which differ somewh<lt fro1-:-l those of Price and co-workers, 

and include several !actors of geometry and metabolism which they did not 

take into accounto 

114\ TERIALS AND .WtETHODS 

Twelve normal male human subjects. i9 to •l3 years o£ age, were used 

in this ·atudy. A history of previous health was ta."l<cn from e::l.ch, and blood 

volume, hemoglobin, hematocrit, and differential blood counts were 
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p~n·formed to :o.·ecognize aild exclude 13\.lbj~cta with abnormalities of iron 

mct...'"'!.bolism. A low-background •,vhole•body counter, having a 9 X 4-inch 

cryatal of Nai( Tl) with a 100-chrum.el pulse-height analyzer, wae used. The 

subjects we:re placed for counting on a special couch having a radius of 

curvature of i meter with the crystal at the center. i.e., the "1-meter-arc" 

OT"'! • • • d-: . d . . .,... S9 . t geor.aetry. .t-he ra.(.uou·on ·,vas a ~u..~.n1stere 1ntravenoucty as 1' e c1tra e 

at a specific: activity of 10 to 20 t~-C/p.g. Ten subjects rc<;eived a dose of 

5 i-!-C• injected without hn.ving been incubated with plasma. The radioactivity 

was more tha."'l body and :L·oom background until 240 days after C1e 5 IJ.C 

injection. Two subjects received intravenous injection of iS fLC of. 

radioh:-on that had 'been incubated with plas~-:::.a. Their atool and Ul'inc 

samples were counted by placing L'1.em on top of the crystal. 

RESULTS AND DISCUSSION 

immediately a!ter injection, all the radioiron is in plasma. but after 

24 hours, plasrr.a radioh-on level is less tr...an 3 o/o a..-·1.d rnoe'i: of the 

radioiron has been taken U? by red cell precursors in bone m.:trrow, as 

known b)r autoradiography (5. 6) and shovm in Fig. 1. It ie then released 

gradually into peripheral blood over a period o:£ days. tn ou:r study the 

whole-body count ~!a subject irru"nediately after injection '\rJat~ l."elated to the 

counts on the succeeding days. as shown in Fig. 2. The whole-body activity 

decreased :rapidly during the first several hours. By the time the radioiron 

in the marxow was greatest, appro:dmately i day after injection, the 

whole .. body count I1.ad decreased to 90% of the initial value; thereafter it 

rose slowly as ne-.vly labeled red cells were 1·elcascd to the circulating blood. 

This tr<u'l.sient decrease of whole-body count can undoubtedly be related to 
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the chan.gc of localization of radioiron. The count returned to an average o£ 

97 o/o after iO days. and etaycd at this le·~el almost without change until 50 

days. 

Lose of radioiron. during the first 10 day3 cannot be ao iarge as to 

account for this 31o dccreas:c; activity found in ctool and urine during tr. ... is 

time showed no corrcs?onding decrease. Most of the radioiron is fixed in 

the red cell rnasa; ~us the whole -.body count is influenced by the death of the 

labeled red cells. 

The whole-body curve is almost flat after 1.0 days (Figs. 2 and 3 ), but 

this doer;;~ not mean that no radioiron is lost from the body. It can be 

explained by loss of radioiron compensated by tl1e movement of radioiron 

£rom miscible tisouc to red cell mass-i.e., £'u.zther utilization ( 8). As seen 

above, this movement increases the "\vhole-body count. The daily stools 

showed conet.:1.nt l·adioactivity during this ti-rne • 

. The initial ra.dioh:on injection can oo conside1·ed as equivalent to 

t:simUlta.."leous death o£ one generation of labeled red cells0 causing the sudden 

appearance oi r.a.dioiron in the circulating serum iron. This same situation 

can be Cj~pcctcd to occur again approY..imately :120 d.::!.ya later. except that 

then me death of the red cells talces place over a. wider time distribution. 
. . . . 

Therefore. the daily whole-body counts ·would again change ae.~ in Fig. Za, 

except t..~at the spread in time of death of red cells would tend to n"l.ake the 

dip v.rider a.r.td shallower. 

The avc:ro:1ge utilization o£ 1·a.dioiron was 90 'Yo; this xnc<J.ns that about 

10% was kept in tiezuea. T"nis ;;.·edistribution a;_:-;pears to account for most 

oi the decrcacc of the whole-body COWlt from 100% i.n:1media.tely after 

injection and the r~t'arn to 97% 10. days after. TI1is srun~ effect should be 

observed again at the time of death o£ labeled red cella. Although the 
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ca;:;acity !or utilization o1wuld be the sa.r.:-.e in the E.Jan•o subject, storage 

partiticn should result in appeara!lce of lcsl3 :radioiron in t..'l)~ second 

generation. of b::.~led red cells. This kind of stepwicc decrease will ·be 

reflected in the '<:.vholc ·hody count. It can be expected to occur repeatedly 

tuttil the radioiron in the body ia unHo:~.-r.oly mbr.cd. It may tc!kc about a year 

{3} f.or viri.u~Uy complete n:ili~ing. 

The \'il~olc .. body count obtained s:hm,·;;ed B'\.l.Ch a. stcp-..v1.se decr-ease, aa 

expected. .F'it,rul·e 3a. shows individual curves ovei· 300 d.:1yo, and the solid 

line o£ Fig. 3b 8hows an. average curve obtain.eJ .f:ron:. Fig. 3a. 

A dccreacG oi wholo•hod.y activlty s,ft.(!l" 50 days docs not ncccse.t.rily 

mean~ hir;hc<" rate o£ loss of :t•n.dioirou fro~J. the b-ody. It includes death 

of the !ai>~Lcd po~nac:.tion of red cells. Cal.HJing n1ovement of radioiron tiJ 

m.isdble t-lsr;;u.c iron. This 1:·adioiron is tt"l.cn i:nco::pcz.-ated into new :ccd ccllz, 

but oorne fraction rcr.na.ina in tissues. /-,. ~znall !oos oi :a·adioiron ix:o.r:1 tb.~ 

body n~:.y also occur at this time. as io discussed later. l-Hter the observed 

decrease the curv<:'! was nearly flilt ag01in. from 160 to 250 days. The integral 

effect of the de3t;1 of the fi:rst gcmm.·ation of labeled xed cells and reutil:i.zation 

by th<e ~ccond Jeneration produces a decrease of whole-body count. The 

cfiect oi the redistribution after the initial injection was a 3% decrease in 

·•.vhole ... body count, and the utilieation •=>£ the firse labded red cell generation 

was 90 %A The initicl radioiron injection ia comparable to :red cell death 

t.~ough c:-ccluding the route through the RE cells. However, tlw high 

l"Cutilhatio~1. ( 7. 8) suggests that the eifect on the whole -body count of such 

radioiron retention in RE cells ie negligible. The1·e!ore the effect of red 

cell death should be 2.7% (90~~' of 3%) .. 
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[f. on the whol~-b(Jcly activity curve (solid curve in. Fig. 3b), we dravl a line 

from t!:Ae first: peak to th(~ secc.nd penk. it showfJ a slope of 6.3 t;to per 120 

day:J. ('i'he 120-day period was chor.er. ac a. normal red cell life span.. The 

effect of atora..gc rctr.;;ution occurs once pe :r. :::ed ceH life: G?Un, and thin 

occurred between the peaks.) The rcfore we: can obtain t_l"}.c loos in ilO days by 

subtracting 2.. 7 'j~ {the effect of storage retention) from 6.3% {loss plus effect 

of storage ret,.::n.tion). Thus 6.3 o/o o 2.. 7 o/a = 3.'6 rio; 3.6% per 1ZO days :: 0.030% 

pe:r day. 

The dotted line in Fig. 3b "~;as const~·ucted by adding the:: loe;a rate -i.e., 

0.030% per d&y-to the ave;.·agc ..:vhoie-!J...;dy activity curve (colid line) in 

Fig. 3a. ·This dot:tcd curve then repre~ent; the expected whole ~body activity 

cul·ve if no lose cf .radioiron occurred. H '\>:e subtract 5.7% {total of 3.0% 

and 2.7~S) from 100<;:1 {at zero d;::.y) 9 this tevGl represents the decrease of 

whole-body activiiy by t:::r.c effect of stor.a~~e re~ention. and intersects the 

conot:ructcd cul"'fC ut ::.20 days. Therefore it is known that ~he 120-da.y red 

cell life opan chosen br the calculation of lo!ls and the 2. 7 o/a figure for the 

ot:orage rc:tention .,;:.ere adequate. 

The :::·aclioi:rou lose. in stool auci urine war:: an.:t!yzed ;;:e follo•,vD. Total 

excreted. activity (cun•ulative a.e of et:>.ch day) was plotb~ti as a function of 

d • . . . "'"'h . > ul .. . """' 59 · ays ~.Lter tnJecttc,u. .1. ere were t\:•,,o compol1en.\:s Ul the cu1n a~.1ve ~ e 

eltcretio:n curve; the first prevailed until 8 to iO days and the occond 

compo~lcmt prevailed thereafter. Samples taken 1nuch !ater in subject J. l.. » 

and slightly less later in subject 1'. L •• showed lo!!ees at the sarne rcspec-

tive r&.tcs. aes indicctod in Fig. 4a. Radioiron e!"'crction was larger durh1.s 

the first 10 dayz ilian during the period of the second· coaYponcnt. Subject J. Z. 

c::z.c reted 0.6t.C:1<> and T. L. 0.45% of t.'le total radioiron in b'le stool wlthin 1.4 days. 
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. e:od'oliation cf t!1e muco"J.;;< C?ithelia az dcl:lc:dbcd i:t t~c l'C'Iriev,· by Leblond and 

fer z··i tin. 

1·a•Hoi:::on occ•.1.rl'~n~~ by e:r;folL~tior, of mucouc epithelia foUowins intravcrtout:> 

:n!dioiron inje:ction. 

dif£icnl.t to ccncciv(': of ;ecnti::lttCU:!i loss o! r<~rHoi:::on throuJ,h bile ·;,:.:hc:n. the 

mcanr:; the los~ of blood in the ir~te:!:!ti::ul tract. St?.ch a route of los:; b norr.:>a.l 

... n.~ P<.·i~1.,r.v- ( 13) ~ ...... ..... ..J~~ ......... ; ...... ~ • 

2.0 ml ( :t.O >n;J;} in nuoject J. z. m:1d 0.6 ml ( 0.3 mg} in subject T. L. 

i~·o!:l of 10:1 tn J. Z. and 3:1 in T. L. per :red cell life span of 1.23 d.:::~.ys 2.11.d 

12\.1 da;:::: :;:·c;.:pec.t:ivdy, which were obtt:.il1.ed from their periphez·.L red c~ll 

The lena of rc.dic>iron in th.e urine io shown in Fig. 1b. Thia must 

represent iron !oBo by m:foli&tio~l of the urogenital epiti:.c!ia, since it 



occu:rrcd ios: the ee..me :i.O.,.day ~)c:riod as loss £ron""l tho intcctine, and 

ho:c.noglobit'l i!l not lost vb the urine. 

Th0 tot..~l ar~<oun.t lost within 10 days in urLs.c was O.Oi8% in J. z. and 

0,.039% in T. ~. The fracticn;:U o.r .. 1.ount excreted into the urine in t..ite fonn of 

, , ..... of the amount excreted in the fitool 

d"arLt.g '10 days .1.itcr injoctinn, and 0.0£3 in T. L. The radioactivity in t.lte 

u::!nc CJ.ftcr :10 days "\::.tas undetcctu.blc i.n a 21-hour cou.."l.t w_ith u~·ino at tl1.e 

ce:ate;.· on top of the 9 >< 4; ... inch c:::yst:t.l. One :Jubjc:ct not indudcd in thcoc 

data s~1owcd a. larger a:ncunt cf t:..:rinc radicacti,_.-ity th~n these ::;~bjccts, and 

r.: (l 
con:tamin.ant of t11.c injected FE?/ (Abbott Laboratory, Oak Ridge, Tennessee). 

Th.e whole .. bocl-:,r u:.::tivity curve.::: o£ cG!.ch subject shov1ed a lese of 

I'ad:i.o~ctivlty very clo:Jt? to t...~at found ir.. th~ stool and m."inc. as shown in 

Table I. Therefore it i3 condu:.lcd ¥.1::.<.'!.-t t:.'"!c :::.·.:::;. le:os io n:1o:;tiy into ctool. 

There rn.ay be a slight dific:n:::r:ce 1.n th.e rr1.2.ioiron. loss rate h8twc~=:n the 

ti:tne of the fil."Ot ln.bclcd red cell gcncl·;;:tion~ and after mixing of ~·~dioiron 

\"lith. body iron is comp1Gtc. Th.is would nccu.r bcc::luoc loss of radioiron 

in.cz-ca~e~ ~s the 1.0 to 20% o£ r~dioiron ~r: .. o\.'"Cfrl hom hemoglobin to ~to reo L"t 

the cc~ursc of 1n!.::dp.g. :-Ioweve:i:, the tot.;:"!J. clu.mgc in. lo::;s rate ~ftc:r ou.r 

c:<perir~-;.cnt:::.l period -...vould. be very z::-:..l.all, ci~ce the whole-body activity 

cu1·ve of ::?ig. 3b suggcots that the lYt:...·d.ng of :-adioi:-on v:as alm.ost complete 

t'l.f-;cr the clc~:::h of the first labeled red cell porn:'.lation. 1vioreove r. the 

clccl'C;::tsed toss from hemoglobin radioiron \c/Otlid be m.ostiy compensated by 

the increased loss from non:.'lemoglobin :;rn.dioircm. 

The average hem.o~)obin b:o11. calculated fror..."1 each subject's blood 

volume a:nd C.emo~lobin. concentration was 2364 rng. a!l shown in Table !l 



Price 

eiuclicd ovc::· ~'.0-::.00 cl;:lyG~ they believe th<:..t a nm:mal ra::::t:c of 0.1.03-0.182 

percent coo.:::;; :x~:: day is indicated. Thi~:~ is ::nuch hig}wr t;:tat·J. our dat.1. or 

mai:.1J.y aG blood loeJs and pa:rtly RS the loss by exfoliatiou of mucous cpiti1elia. 

1'. £!:mall qu;:mtity of radioiz:o::1 loss in the urb.e due to the exfoliation of 
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2. The avet·age normal iron loss rate was 0.030% per day or 

0.89 mg per day. This normal iron loss figure is in reasonable agreement 

with the dally amount o£ iron absorption. 

3. The~ whole-body counter can detect a very minute amount of il·on 

loss within a ohort period of time. This is the simplest and most accurate 

method for measuring the loss· o£ body iron. 

Acknowledgment is ext'l:nded to Mrs. Elsa L. taa.ac for technical 

assistance. 

This study was supported by the U. S. Atomic Energy Co1nmiasion. 
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Table I. Loaa :rate per RBC life span 

R.3C· Looa in Loss in Total loss in Loss as ahov.n 

·Subject life stool r'.t sampled etool, urine, and by 
a pan urine blood sampled blood whole-body count 

(days} (%) ( <}".;) (':'») ( %) 

J 1 .. ~. 123 3. s 2. 0 s. 8 5.5 

T. L. i20 i.6 1.0 2.6 2.9 



Table U. Summary of ex)_)e ri men tat dat..":\. 

}<iiacellaneous data of iO subjects {5 p.C group) and 2 subjecta ( i8 t-:C g!"oup} 

- -·- ------- - - - -
Wt Height RBC Ht Hb Sl UIDG TIBC Sat". rtCV '2V BV ffb 

Name Age 
(kg) (em) ( n'lill ion) (%} (g) ( ;~.g/ dl} ( tJ.g/ eli) . ( i-'-g/ eli) r:' {cc} (cc) (cc) iron ,o, 

(mg) ------ ·~ 

C.D. 43 81. 173 5.37 '~6. 0 15.0 68 1Zl 490 i3.9 2i29 2571 4700 2355 

R.G. 40 87 180 5.72 so. 0 16.5 . 114 374 488 23.4 2487 2586 5070 2794 

K~K. 27 51 158 5.18 46. 0 15.3 iiO 289 397 27.7 1.350· 2317 3667 i374 

R .. M .. '26 70 177 5.35 4 7. 0 15.0 75 389 464 16.4 2109 l516 ,1619 2314 

l\1. -}./{. 35 62 i60 4.95 48. s 16.0 136 33·1 470 ZS.9 1935 2550 -14:85 2397 
' .. , 

H. p • 35 79 171 5.01 45.5 14.3 85 345 430 19.8 Z25i 24'13 466-1 l306 w 
I 

T.Y. 19 5<! . i71 5~03 48. 0 i5.2 150 363 :.13 29.2 1773 24 7S 4248 2157 

. H. W •. 32 68 180 s.oz 47. 5 :15.3 iOi zos 366 27.6 Hl36 2559 4395 2246 

B.T. 31 77 i91.. "5.43 47.5 i5.S 1.07 206 3i3 34.2 19 2. 7 2914 494 i 2607 

·C. R. 29 . 74 170 5.19 15.0 15 •. .?. 1. "1·~ 155 299 48.l 2053 3050 5103 259 i 
. -.. -

Average 
32. 70 i73 5 .2. 3 4 7. •1 i5.'t 109 308 417 2.6.9 1985 2535 ·~589 236·1 

-
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FIGURE CAPTIONS 

Fig. 1. Subject T. L. scanned 30 hours after iv injection of 18 flC Fe 59 

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. 

Fig. 2. Change of whole-body activity after intravenous injection of 

radioiron. (a) Experimental data. (b) Curve representing average of (a). 

Fig. 3. Whole -body activity of ten normal subjects. 

(a) Experimental data. (b) Solid line: average of (a); broken line: 

constructed no-loss curve. 

Fig. 4. Cumulative excretion in stool and urine of intravenously injected 

Fe59. 

0 Subject J. Z. 

e Subject T. L. 
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Fig. 1. 
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