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- 1;)1’3%0 development of the arelotran and muclear reacters, it W
S Lheesid ble to produse radicactive isoiopes of olerexts ascoalsied
W th ncrand metabolic processes, : T 3o~ to

£ W

o

refere

<sf-a-isbetod—inotepe—inte—the by, [lecont rout improvenwnts in the
methods for of raodicastive isctopes, particularly the dee
veloroents scintillation counters, have mode it pooeible to carry out
trocar studfes in laboretariss ar hogpiinls 1th relative guse, For oost
of these studies it 43 not neorssary to have expsnaive or oxplex equip-
pont,

In the evaluation of eryithropolgsig, one must know the total valux

of eirculating red cells, the m&g ustion of red cells, and thely ,%4««
Knowing these tirec valuos, oxg san thon deters

uine whether an individual is narmal, polyarthemdc, or anemic, amd also

whethey an increass or deorease in the total elreulsting rod-cell velixo

is due to & chango in the 1life span ef~yeod—eedds ar in the rae of pro-

duction of red oells, or to both.

< METHMS

BEST COPY AVAILABLE

The mihﬁilit;{ of rodicactive isolopes of irom, phospliorus, siro-
niun, potessciunm, and thariun makeo 1t podsible to .?wm e t.om.;}g;:.
@zlg redecell voluxe vith acouraey and case, 7Tho isotopos riwsphorus-
32,1) ghromtunm51,2) potassimaeiz,’) and thoriumeChl may e sesomgratal il lst
il the red oeil ig Yitrg. Thio permits tac labalin: of an imividual's
ova red oells, Iron, on ‘he otber band, must first be aduinisicred to o
donor, vhope red colls ere subsequontly injooted into tho ixlividual whoso
w.volmé is to be determined, Althowh thelradioigon method would be
the ideal method far doterming dload veluro, it not founl wide upeful~-
“hwwkmudmmmw?anool
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of'domu-a ﬁ; varicus Blood Foups and the nocea for croso-matehing, blood
¢ " tyning, snd the voricus seralocical studiec tiat ore requirel before trans-

© 5117 fuglon, Furtharnore, tho doso

" nor 3o 5o lorge thet the radiat
* yaluso. In exporimorial animals, howavar=~"artlicularly in the rat, where
“ inhrgedin: resultc in a unifarn strain of anisals 22 vhich aross-matehing

of redioiron tc bo adidnioterod to the do-
=400 to tie bone rarrov approaches tclerance

s 2

2 iAlyooted into the patlent

_— 4o . o an o
S T¥or the ;-3", Cr?=, ang K meiliads in winle

&

“taiding the lebelod red cells is then sduinlsior
‘adeuste time for nixine a sayle is wittdrawi.

13 0o problenw-tne iran method has boos of crest valwd in tho delermimation
~ of llood valume.

oo 22115 are labelel 34
itxp, it 10 rccessar to reovs only o smil quantiilr of hlool (15 te 15 oc)
Trom the individual anl to “incudate’ thosh sells il i@ ischtope at 37C
‘with cogstant aixinc, In pencsal, move than 30% of e lsotow A1l have

I bgontmecepmraiod-4réo the red ceils gt the end of one hour,
- - ‘oreithen wushed to redove U« escess, ualicorporaied isotope andi are ro-

Toc rod cells

od in either saline or plamam, Ihe rocoasiititod wliale blood cone

Mw.{ﬁ

ed 0 the patlent, and after
an aliquot of the blood

13 kopt aad e total radicectlvity edministarod

“1s &etermined from it. Thus, lnowing the tolal radloactivity adninislercd
- -and-the redloactivity per milliliter of whole blood withdrown frca the
petiont, ome muy ocalculate ths blood volwe. The total rodeocll volixe 1o
dotarmined froz e blood volumes and the porisheral hemtoarii corrceted

for trapped plasw. oetually, Wils meihec 15 proeist.

The plasm volue

can bo caleulatod Sroo the toial radwsoll volume and tho hematosrits Ale
though there nas bec: soms oojcotion to this mothed of calowlatlan of the
volup (beccuce sovarul siuiies indicote ‘bat the hamaloorit of ihe
larpe-vessel hlood may not Sc the sume as ol in the amallor vossels), we
do not eonsider tric %o bo a airnifieant fusior and belicve thal the plasma
volims can be colsulotad -with: o Lich dcgrcg__‘af srocision from the total
] .

rad-cell volio o he vensus l:ommtoeril.

~

- s
blood wolume 1s cr3l, I is easﬂ%masmed In

with that of P32, aad the physieal half lifo is Béom
. hile mamy valusitle studiec have been tode using

o) PR N . . .
= o Lootope of chodew ror ‘he dedertination of

a well-tpe sslntiilotion
sounter; the rate or clution of Crd fram the rod ccll is relaiivelr alod
copared vith

s DOOL workers

have now adopted ‘e Crid metiad, Tho usefulness of E42 13 1imited By ito
short half 1ife (1-.4 hoars), wiiah neans that the worler st hsve socess
to & facility far its production. The TiX oothod has been eplorol Wy
Sevesy and lylin, and chould prove walughle, It has not Doon used ax-
tenaivoly in otiher laboratariee althow™ }jL ooy affer sap mromise Sor

rrestar ease of labeling red cells thox I«

'2, Cr3l, and:

dose 1avolved in “he use of ThS renaina %o be eatablished,
oal deomy of tlho oiuer isotones prosentes uo rofiiation hazard to the o=

dividual reosivin tho isotono,.

e results obisined vitl %hesc motnods show

6

(
for narnal mles (71 cubjocu;)As " W

The radiction
The rapid plyrslie

average toial blood vedun 590 oo/l of bady weiht,
average placoa volume 347 X5 .
average total red=oell volume 2949 ;3

e
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far sixteen nom:nl females studied 1n this labaz*atcr_,,r’: /6)

{5 % Cayerago total hlood valime 6ol oo/t of baly wiht,
T . % evepage plasis volune 376 ee/ly,

v;uv@age total redwooll wlume 27,0 oofxg.

- '(ms.s vos the sirot ctudy of the blood volunw of the narmal femls Wy

©  ootonderzniiods.) 1)
: f M\ _
,:u‘o...erm:".l' adzwortl. rerorted, for o serloz of cirtt normal wonon,
' Ed;)ciagf to0%al hlood volire 6.5 eofi,
- -average slosm volume 434 u.{ﬁg (by @12 Cvoooeflue metosd;,
= sxwru.gc o%al rodecell volime 254 eefi (- the P32 method),

T uz 'v:xlae for tho to*zl rodecell volwe ir a0 Enlos, 3 eatr, anpaars o i

r‘S

Production
tomn A a...ﬂ
AL Wha present there is ondy thad ,acn. the direttpdetaraimation ol
the rate of red-ocll roduot wno ig v masurmnt of t.bo raue o.{'

éisaopearance of rndioaciive iron ’Ym tt*
r:x.:.airm ir .ae re 00llo,P 2

: S ~-:rammte].f 303 to 90‘5 of tlw
iron 10 renoved iy o firsieorder procesy., wab ia, far sach given tioe
rorixd a coacicat fruction of the racdiclroi romaining in the plasm is
osleared, lar/cly iy the bane nmrrow end to oo extent Wy the liver, aploer,
ax. ot.bcr scuea, irom tho rate o disanpearance of radioiroa from the
nloson, the furnover of Iron 4n e plexm cun ¢ calewlated, as follows:

e T £ Y - 1 '~

Plazmn racioiron half tine & howrs) g

The plasm irea convomiration, 1o detornined by the methad of Kitzes ﬂ.&-
The plasme volrx is Jeboroiaed fran the blood valume Yy use of lobaled alls
as deseribod zhove, - Aftar tho deteralmtion o the rate of removal of rodloe
iron frem the nlaosmm, ¢ study io ocde of i wriawe of irem in tho red colls.
At appraximately 7 to 10 days, wogt of Wi irca that 45 golng to appear in
the red oclls hes beca cloarod fyrom the -daxm to the bone marrov and hes
been inscrporatad into hemoslobin, end ths tatwre rod oells containing the
racdioiron are i1 the peripheral blood. thus, the screentee of iron what
passes throug: the rlacmn, ultinetslry to reacs W veriﬂmal blood in roc
cells, may Lo determined at avraximately 7 t2 10 days followdn: the orij-
imal injoction of the isotone.

Thigs now ca:;&.etoc the data req'..i:o; fo determinotion of tho ratc of
produstion of red cells, In [eneral it io Jouad that approximotoly 0,26 nille
lizran of iron 4o utillszed o ~odeoell nroduetdon por kilogram per day 4n
o namel melo, ‘huch hishor values are founc ia MM],M. I lawionis
thoee walues arc usually ncenol or insrcassd 40 two o three times nopmal,
diereas in certair ascrims the valves may be naxmal, increased, or (m@,ﬁsg
of failure to produscc red ¢o0lls) a5 low 88 che={ifth to ane=third narmal

-3
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gty peky b

AThe use of celifilletion counters nlacod ovor the spleon, liver, and

. JPrier to lic Introduction of isotopaa into tho cluly of radecell mysiole
:15_. wos poc ile to oeummre tbe 1i{fe opan of the red oril Yy 4he ..ghly
ergntial gy duitimation teeindque, 70 obtain valuable duta b, wse of

B u.e h&h} tochnique, one mst adndndster a loarge voloo: o:f blood {aparex-

imately 500 oc) frum a suitable domor, This nethod has woually been appliod

by the transfusion of ncrmel rod o0ells to ap individuel ritb o diseuse sicte,

and yields informeiion rogardine only the fate of rorial colls in an cbunogmal

envirarmat, Saw stidles have been carricd out by translusing eelis Ifron

a donor bavin- eicklc—cell noemise te a normal individesl, and in thio cxperle-

noat the survival of sielle eells iIn o nemmel amwlroexzacit eould e obuervsd,

The Asbhhy nmethod, however, does not pertdi ths deoterminotion of the life
oells > JoyTIN

span of the red Lﬁcun emvirooent 12_

With the demonstration by “hemin and | ltwnber{,dS) that the nitroron
etan of glyeino 4o ~s=c..f.::ca11:,' used for the fowr A*rossr cions of hair
aod the prepcration of Iﬂ-%].abclod rlyeine, it booama poacible to caddy s
1ife gpen or the red coll in its own cavirommont. This study demonstroted
that the normal lilc oman of the red osll was appracdmmtels; 170 dxs, oand
waluable inforation o the red-wll 1:fe in gicldemoell ongnis ani in -nride
olous anenis weo elsc ol.tﬁd In owr laboratary Clelobelad yireine woc
{atroduced faor guah stull Booause 1t Las been siou: that tho al;ix:»
oarbonof,):ciwao-i the soures of & of he 34 ecarbon ntomoj'L:f};

BStapiaroos

— *ﬂ" Lo IRISERR . A g/ 2 ,(
QM Losa
B slod o, st o BT g 1T ‘

Same indication cf life gpan Day alse e obtained vy followvdng
the aoctivity ol rudioiron in the perhneml wlood, This pethad ic 1ess sote
isfactory thac the CLi methiod, however, gince 700 4o 907 of rececell iran
liberated at the ad of the life span of a »od eell dc reutdlidsed for o
formation of 1nov rod coils, A8 the red oolis reach thic onds of thoir 1ife
spans, the radioiron 1s released and reuliliszod, and Wors is uo shars drop
in the ourve of :ad9 homo').obin activity, This diaadvanﬁg osp be overe
ccxmi.nexpormmtﬁ.l apinels by loadine the animal WA S W0 the rod
oells are lasdeled FWP>Thus, when the rod-cell iron ic reloased, it is re-
leased into @ larre nool of iron, ard the ma%v beccreo coo=
ciderably lower, so iuat swhen it 1o reutllizod 12 foroosion 1t is
of & mueh lover coocilic wetivliy than that orlplanlly orecent in ho Mrst
labelad oells. & sharp drop in the curve for the FeJ? henoglobin enceific
activity 1s notod, and the red=oell life can bo detorained,

Reoontly, &-ihacbeeninﬁ'odmdasﬁ‘alabelin(, agant for siudy of
tho life span o' the rod hlood oells, .4tk tho denongtratian that the rate
of elution of Cr5l from the labolod red oalls in yizg &s very elov, 1t bas

~p

. cadmine-the latier  hone mrrov.-ma it poosible tog;;om.m /0
“ ihe time oourse of the dlstribution of radioiron in thece tissues: (ric.

T 1)¢ This shows that thore 13 a ropld clearance of irosn by the bons sarrov
© &nd & later rcleape of the irem fran the marrou 40 o peripheral red cells,
G- Avon roachos tho liver and the s;.lue-x and thorsaftor ic slovl removed
= fran: 'tbeae us.m..u. It is tils slo» releace frax the osnlecn cad liver wu‘b

¥t rige of 1 Lron 4 tho Dcr-'ir‘“d.. nlori =* "..2*
J; ’ Qf&ﬂ“' (),u-olo

Mw
Py
Red-"od) Idfe Span
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- .,.__.na'.l,_bapom cossible te ovtaln omemaero-oL the rode=coll 1ife snon by followe

" 45 ho i3 Yiyg rate of éieappoaranco of Cr5l following the labelin; of tor

{ “oells). these studies do not cive az sboclute valup for ne rodecell life

" ppan, bul they may e wo caparo 8 red-cell life opan ia & glven siote
. vt fhat of @ noroal, It should be cmphasized wt this is o valvable
. petiod for elinical Cetorminatlon of glierationa in ihe lire span of the red
| “blood ;osll, but that the valuds obtalsode—cvod xAth tne prescnt methods of
analysiee—are not couparable viih the actaal value of red=ooll life cpan,

o et be camared with o narml as deternined with this methad. (aions

‘pethods of wa:lysis have veor woposed for intermeclaticn of tbe Vo of
' i -thesprashs obtatned. At itns rescat time, howover, w S22l that these huowe
© nétbien caglotely subotantisied.

In comparin: the varlous nethads for gtuly of rou-c0ll lite, e ashl”
mfthod tl ht bo eriticized bocause nartol ccils are ploeed 1o o patholoie
Senvirambent or patholo:ic red cells in o normal emviremint, and roc celis
-g¥e ‘never otudied in ibelr narmal enviroment, In moct normal dadividaalds,
“Abe tadhiy, C14, nad Ie? methads glve sagperahle resulta. o have seou omo
: ¥ howovor, in vhich the valuss by the chby tocinique indicated &
rodwo0ell 11fc than tiooe techniques usizg the Clb and Fed) methads.
Theﬂuaamwmeroaaainuwﬂmuhwwcmiqma}maéammalmh
cell life, but the Clb and Fe results ahowad a shartonsd red=ocll llle.
Tho eonclusios aipght be draws fron these finlings thot the individusl's ovi
oslls werc gualitatively poor, wWile Ww demiructive mochaniay were noranl,
and thereforc the noroal donor cells smvived thedr noroal 1ifo span.

0..[46&: n%-'xgns
Ve W ¢ *

Ldth the dovelopoert of mothiods for dotorndning total redwcell volumwe
the rotepof produotion of rod oells, end .0 1ife span ol the ro oell, It
hes ocoe poouible to adews - otertt . Aneats ar polre,hooia
.can only arisc froo saoe chenge in the rate of production o in the lile
opan of the red oell. This =&y oven aply to bloadin: stetos, Jthoun
tho rate of production of red cells couls esuoolvadly be wmffectod, e iile
span of the oslls would be shartenad in the bleadin: mtote in the sensce Ul
eells d1d not murvivo thoir normnl lfe 531N, “he resultin: encoda woill
then bo duo to a deerease in the red cold li’e enan.

ot

FAfiste
longer

™he mothods deseribed have been applisd simltaneouslyr 4 the ohud); of

various hepetopoiotic disorders, such ed polyeythonia, leukenis, aplactic
anenia, hemolrtio anonda, and Kyoeroplonisa.

— Folyerihexia

P YOO S 1) a

O = F\.'.:are ic es—olevatic:n
of the hlood volums in polywrthemia (Fig. 14)2P Tuis fiawe edherly ine
disctes that the hematoarit samnot be uood to predict tho total red ooll
volurs, although in general, os the hematoorit inoreasos “he totsl red ooll
volume increcces. In 32 patients with a hemetoarit abovs 55, the tetal ro.
cell volume we elevated in cll but two, raneing fron 3X,.0 to 93.9 colir,
of baly weizht., The plasua volubo wan lov in 22 patiexts, in the lovar

of noral in 8, end hich normal in 2. Thus, i polygrihenia wors it
relapse with an elovated hooatoarit, thoro is uswlly an inoressod total

-+
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