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THE V'P? AKE. DISTRIBUTION AND ESCRETlON OF 
I'ROlIE'1'HILX IN HUMANS AXD THE: EFFECT OF 

D'l-l':l (IS I X E S L  I'AKtIXlETERS* 

1. ISTROD('C'T1OS 
~ . A K G E  scalr scparaiiqii of. I J s l ' i i i  libhion produci 
!taste and pi.cparaticin o r  thc matcricil Cor 
scvcral application: coiisritutes a porcntiiil 
soiircc of radiation cxposiirr t o  wv'orkcrs in this 
field. Since 1J7Pm i T, = 0.73 yrj is a low cnri.gy 
hrta cmittcr, ntid tlic ninsiiniiiii c n c r q  of tlic 
bcta pariiclc is orily 0.22 l lc \* ,  iiitcimcll dc- 
pnsitions of "'I'm cannot h dircctly dctrrininrtl 
hy yliolc I)otly couir[iiig. *l'tici~cliii~i~, ; i i i i i lyG o f  
Imdy csrIcra i i iust  1)c i - i . l i c .r l  tipnii to pr.i~vitlc i t  

hacis for Imtly biirtlcn cctirnatrs. 111 oidrr  tn 
dc\.clop an  cscrction niodcl .for diaKno4s of 
promethium in humam? to form a basis for 
radiation csposurr, and to dcicrniinc thc dose 
froin accidcntal rspowrr.  thr uptake. rctrntion. 
dictrihutiori. and cscrctioti of pronicthiuni in 
h i m a n :  i i i i t ~ t  bc. kiinivn: 

:\ i i i i rnbi~ of animal studies havc bccn per- 
formed ai  lhttc~llc Sortlnvrst Laboratories and 
clsc~vlierc o n  t l i r  iiictabolism of promethiurn in  
animals.'*-'C) \\'hilt these various reports give 
vcilucs Tor orqan conttnt of promctliitim at 
sacrificc antl tlisriiss histopathological findings of 
the doscd ;inini;ils, very few exrrction -rctcntion 
data arc pi.c:sc.ri~cd from wliicli itioclcls rnay Lc 
tl~.vrtciprrl. 1 II i i istnr iws \vlicrc* rxc-rc:tian data has 
I)wn ol)tiiiiic:J. its daiionsli ip lo cxcrctioti of  
proriictliiiiiii I J ~  hutmiis is not clccir. t\n cxpcri- 
in(-nt tisiiifi J4:11'ti i  antl human voliktrcr t w t  
suljjects was pciforrnccl to help rcsolvc same of 
these pt.ol)lcrns and to dctcrmine thc ncccssary 
mctabolic pararnctcrs. \l'holc body couiitinK 
icchniqiirs antl urinary and rccal measiircmcnts 
wcrc uscd to study thc coursc oftlic promcthiurn 
follnw\~itiq 1)otIi intravcnniis and oral adminis- 
tration of I ' R 1 ) i i i ( : l l  to hunians. Thc  rrsults 
pyovidr i i  ctii.ri*I;ition l,ct\vccn body biirdcn and 
itrijiary cscrciim of promethium which slioiild 
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be u>c.l‘ui i i i  c\~. t luat i i i~  c ; w s  01’ accidental 
cspu>uI c‘ 10 1 4 : l J l I l .  

2 .  hlETtIOL>S .\SD PROCEELRES 
l)rutiict\ii\itii- 14:; ;Icc..i!.s i)y e i c~ t ro t i  capturc 

and subscqucilt gdiiiiiia r:i!p cinissiori. ‘l’he 
ganilll;l ~ . n y  c ~ l ~ . r g y  i r  0.74 11c - i -  and is esccllent 
lor \vIiolc body caJuii1iiig purpubcs. ‘ l l w  1 4 3 l h  

uscd iii t l i i 3  csjxxiiiiciir W A S  pi‘cparcd by (.)zk 
ILidgc Sational 1,lrboratory u i n g  high energy 
proton irradiation ol’ e~ricl ted lUSd,O, 

. (94.4:.;).17 t\ siiiall amount of I t 4 h  was also 
formcd. ‘l’Ii~~4~1’1n \\.as scparatcd froin thc irradi- 
ated neod!.miuiii at Uattellc-Sorth\vest by an ion 
csclrangc nictliod using L)o\\~s 5-X4 tine iiicsli 
rcsin arid eluriiig tlic 1431’m esscntially carrier 
fiGc Xvith 0.25 S a-h~.dros~~butyr ic  acid at a pkl 
01. 4.6. The  scpararcd 1431’1ri  \\‘as scnt to a 
radiopharrnaccuticJ laboratory wherc i t  \vas 
stcrili~cd, dkol\.cd i n  ibotonic s a h c  solution, 
macle acidic to a 111 1 of 3, and pyrogcn tested i i i  

rabbits. 
Localizatjon and distribution of [lie “~PIII 

within thc body \\‘as I ; l lo \ \~d  u i n g  a shadow 
shield \\*liolc body ccIuiItcr.(lc) 2-111. \vide slit 
cullinrator ovcr  die ‘J-Bili i i i .  Jia. haI(1‘1) dc- 
tcctor pcririiticd di!Tewnti;il scanning of the 
subjcct a s  I I C  rixvricd undcr. t h  crystal. .\\‘hole 
body counts \ \ w c  tiiacic pc‘i iudically to dctcr- 
iiiiric tlic- total i 4 3 P i i i  t c r i~~ i i i i i i s  i n  thc body and 
these counts NT:~:  cuntiiiitcd for 1 yr after 
injection. L‘tinr. fc-ccc ‘and tdood saniplcs were 
collcctcd atid. ali.tl~~.zc.d hir 1431’in for c;di 
voluntccr for pciicd. up 11) t‘5 days aftcr in- 
jection o r  ilic 1431J i i l .  

The  1431Jx~~(:i3 \\‘.L- dmi:iisrcrcd to a total of 
fourtccn noriiii: I i u t i i ~ : ~  \ ~ t J u i t i e c r . ~  by pIiysicians 
of the Hanforr! I~.rivii-nn~nicrital Health Foun- , 

dation. Sis \.oiiiiiiccr> rcc.i.ivcd ~lpproxitiiatcly 
0.1 p(:i o f  1 4 3 1 ) ~ ~ ~  i i i t ix\ ,ciiou\Iy aiid two volun- 
tccrs rccci\*cd an oral dmc of I O  ,A:;. Another 
sis volunteers u ~ r c  injcctcd ~vi th  0.1 pCi of 
Ir3Pm and then injected \vi111 lX”l”.-I at various 
intervals to study tlic effect on 143Prn retention. 
Thew dose levcls werc chosen as a balance 
betwccn cnougti activity to nicasurc the body 
burdcn for ai lvasr onc ycar with a \\~holc body 
counlcr arid riic S I I ~ ~ I ~ ~ C : , ~  POUiIJlC d i ~  to the 
\*oluntccr. ‘1 ’1~ radiatioii dosc..usinq standard 
man paramctcrs and promcthium organ distri- 
bution i n  dog‘(11) and pigs(12) was calculatcd and 

Tu11t 2 .  Total absr lo j ladard man from ingestion of 
10 yc:i JJ3l’m . 

Orqan DO& (rem) 
- -- 

‘1‘01af tmdy 0.001 
Bone 0.001 
Liver 0.001 
L o ~ e r  large intestine 0.077 
Upper large intcstirie 0.038 
Small intestine 0.009 
Stoniach 0.005 

intestine, is about 0.5% of the maximum per- 
missiblc annual limit for occupational cxposure. 
L)OSCS to other organs arc cvqii siiiallcr in 
comparison to their rcspective liiriits and in- 
sigriifican t in terms of radiological safety. 
I\ gamma ray spectrum of the 1431’~1i obtained 

froin a whole body count ofonc of the voluritcers 
is shown in Fig. 1. The smaller peaks at 0.695, 
0.615, and 0.474 &le\’ arc from the decay of a 
small amount of l.uPin which was also prcsent. 

3. INJECTION STUDIES 
-4 typical distribution of 1431b1 ill a human 

volunteer with time following intravcnous 
adniinistration is shown in Fig. 2. The uptake 
in thc livcr is vcry rapid with most of thc liver 
fraction arriving t1ict-c within 3i) SCC. ‘1’Iiis was 
determined by placing the collirnated detector 
directly over the liver arca of the subject before 
injection and monitoring the count rate after 
injection with a count rate meter until i t  
appeared to be constant. X rough measure of 
the amount in the liver was made from the 
whole body scan and found to be between 40 
and 500,; of thc injected dosc. \.Vliolc body 
scans after 24 Iir show that tllc distribution in 
the body remains unchanged for a year after 
injection with the exccption that the pcak over 

I O b 8 2 5 2  D O E N Q  



. . . a  I . . r .  ... . . ..' .!:: 

- . .  - F ? ^  . 
* 

l O b 8 2 5 3  



I 

\. ' \  I 

ILeliablc nieasurciiiciits of urinary cscrction 
could i m t  Ix n~adc. aiicr about 50 da)*s after 
iiijcc.iioir l ~ c c a u ~ c  ilic cont[*iit i t 1  t l ~ c  urinc was 
iicar 01' Lcluw ilic dcicc.tioii l i i i i i t  ol'thc counting 
I l l C l h O C l .  

'I tic rcicriiicxi i,l' tlic 1~31-'111 \v.ih Iiiciuurrd bg 
t1Ic ~ I ~ A *  bud! cou11tc1' i i ~ r  a pcriod ol'onc ycar 
;tiid ilicsc ~~csul ts  agrcc wi th  the excretion results 
~ l i d  arc slio\vn i n  1;ig. 5 .  An extrapolationbftlle 
rctcntion CUI'YC Lttween 20 and 365 .days 
indicates tlir biological half-lifc of 143Pm in the 
total 1)ody is greater than 1000 days. Any 
ixxIirii.ibution of tlic I43I'in bct\r*ccn liver, ~ O I I C ,  

01' otlicr organs \vas tint dctcctcd i i i  compariiig 
Iia4oJic counts over tlic legs, livcr and licad of 
ilic volunteers; tlieidore, thc wliole body 
l ' ~ J l i l i 1 >  b l i n u l d  pi-ovidc an accurate inenwrc or 
I l l C  r c l~ i l l io l~ .  . ' 

.\.lost accidclir;il i t i t c m i i i l  cxpowi.i~s t o  i4'l'~n 
uccur by iiilialatioii 01' tlic ~~iatcriiil with subse- 
q 1 1 ~ 1 i t  y~nclual t r a t t ~ h  of'solllc fr:ic.iioli or 1 4 7 P ~ ~ ~  
from the lurigs to the ldood strcaiii. l'licrcfore, 
ilicsc cscrctions and rcicntion curvcs obtained 
frixri siiiglc injections arc not dircrrly applicablc 
1'0r cstiiitatiIig litrig atid systciiiic body Lurdcns 
of jxonirthiurn after irdialation. Howrvrr. since 
cx l i  daily tra1isli.r of 1471'1i1 l i w i i  lung t o  blood- 
stream can be considered as a'n injection into 
tlic 1)lootl strriirii. tlicsc ci~rvc's providc a basis 
I'or the dcvclopnicnt of mathcmatical niodcls for 
use in estimating thc systrmic burdcn of 1J3Pm 
and tlie raic of transfer of tlic 14T'iii from the 
lung to the blood strcani. 'l'licsc modcls arc  
prcwnily being dcvclopcd and tcstcd and will 
he publislicd at a Iiticr datr. 'l'lic rcsults of 
tlicsr c'spu-iinciirs slinw that th r  ~iiccalmli~tti 

pwttteiliiuiii i i i  ' I i i i i i i a r t s  i>  siiitilai. t o  ilia[ in  
1 ; t i . q :  :iiiiitp;iIs siic.li i ~ s  1)igs a i i t l  (10,qs INII c l i i i t v  

dilfcrcnt than tliat in siiiall aninials such its the 
rat. In  humans most of the prornctliiuin is 
retained and the cxcretion rapidly drops tn a 
w r y  low rate. I t  quickly beconics distributcd 
betwcen liver and hnnc and rrniniiis essrntiillly 
unclianqc-d for nt lcast a ycar. Tlu: rctcwtion in 
the rat is riiuoli l o w ~ r ( ~ ~ l  with thc liver gradually 
losing niost of its initial cnrly depositioii of 
proiiicthiuni and rclativcly high amounts are  
excrcted in the fcccs. 

T h c  rcsults disagrec wit11 tlic liver uptake 
parameters listed by the ICRP.(19) The report of 
ICRI' Comnittcc on  permissiblc dosc for 
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blood to l ivcr  3 5  u.UCi, \\ liereas, this esperimcnt 
s h w >  ttiis fixiioii to bc t)ct\vccn 0.4 and 0.5. 

4. IS( ;ESTIOS S'I'I;DIES 
'l'wo voluritccrs orally ingested 10 &i ol' the 

~ ~ ~ P I I I c I ,  solutio11 niiscd \vith oraiigc juice. 
Subsequent excretion analysis showed that 
essentially noire of thc material \vi is absorbed by 
the body arid all of i t  was excrctcd in the feces. 
S o  activity was dctectcd i n  the urine samples. 
Mter one weck a rcgular wliolc body count did 
not indicate any activity remaining in tlie body. 
However, a one hour count directly over the 
livcr of one of tlic voluntcc'rs showed a l i v w  
content of about O.OUO1 pCi. l h e  1431'm con- 
tent in  thc liver rcmained constant in subsequent 
counts up  to a month later which conlirmed 
that the activity \vas actually in the livcr and 
not teniporarily lodged in the GI tract. T h c  
uptake by this vduntcer \vas estimated to be 
about 0.001 ;: \chicli agrees with thc  ICRP(lS) 
estimates of the uptake of promethium from 
ingcstioii. l ' i ~ 1 ~ 1 i i c t 1 i i 1 1 i i i - l ~ ~ ~  activity \\'as nut 
detectablc in  thc .other voluntccr and the 
uptake \vas probably ICSS than 0.0005 %. 

5. T H E  EFFECT OF DTPA O S  EXCRETION OF 
PRO.llETHIC.ll I S  HUAIANS 

Tlie eficct of calcium trisodium diethylcnetri- 
aniinepcntaacctate (DTI'.\) on the cxcretion 
and retention of l43Pri i  in humans was studied as 
a functiori OI' tlie riiric inter\xI Lctw.ecn the 
injcction 01' 1 4 3 1 ' ~ ~ i  arid tlic iiijc*ctioii of I)Tl':\. 
Uric grml  d'Ll'l'l'.\ \\ab givcii at dilrcrcrit tiiiics 
to 8 subjects from 5 min bcfore to 80 days after 
injection of1431)m. Fiqure 6 shows the urinary 
excretion of 1 4 3 1 ' ~ ~ ~  \\.it11 time up to 6 days aftcr 
injcction for i, .ziil)jccts \\.tin wcrc given D T P h  
according LO thc schcdulc: shown i n  Table 3. 

T h c  rxcrctinii of tlie injected 143Pn1 varied 
from 1000,; of rlosc for thc case wherc DTP.4 
was injectcd for 5 ri i i i i  I d o r c  the 143P111 injection 
to only 20 of dnsc wlicn DTPIZ was admin- 
istcrcd 24 111. d i u  ilic '431'111 injcction. IJI tllc 
tlircc C ~ S C S  whcrc I3TP.4 waz adrninistcrcd within 

. an hour or lcss after 14Vm. injection, 80% or 
more of the  W'm was cscrcwd : howevcr, two of 
thew cascs rrccivcd additional injections of 
DTP.A. Thcsc results indiCate that DTPX is very 

. 

clfcctivc in significantly reducing thc body 
content of pronietliium when administered 
\\itliin about ail hour aftcr i t  cnters tlic blood 
stream. I f  the DTP.\ is giveti 5 lir latcr, the 
body LurJc~i will dccrcasc by oiity about 50% 
and ~ l i c n  given 2-l Iir Liter o d y  2O:/, 0 1  the 
143Pm is excreted which is only 10% more tliaii 
the amount excreted without DTP.4 adminu- 
tration. 

'I'o study the eflect of D l P A  on long term 
internal dcpositions of promethiurn, DTI':\ was 
given to two subjects 80 days after a previous 
injection of 143Pm. Urinary excretion measurc- 
nients indicated that only about 5 of the body 
content of 143 was excreted during the following 
week but the wholc body counter iiicasurenients 
showed a total body loss of 10%. I n  following 
the excretion of 143Pm from the body after 
DTPA administration, it was found that the 
wliolc body counting results always indicated a 
greater loss than did the excretion results. 
Sincc the 'UPrn in tlie livcr is counted with a 
greater eificiency than that in the bones, these 
results indicate that much more of the lUPm 
that is ixtractcd by tlic U'l'PA coiiics froiii tiic 
livcr than froni the bonc. Further studies are  
needed to more accurately determine the 
relative cscrction ratc's fi.0111 l iwr  and bonc. 

Tablc 3 also shows the total 143Pni excreted 
in each volunteer in both urine and fcccs during 
thc six-day period after injection of the Ir3Prn. 
Both the urine and fccal excretion of 1Ul'ni are 
enhanced by DTP.4 administration, and i t  is 
intercsting that although the urinary cxcretion 
dcpends upon the intcrval of tirnc between the 
1431'111 and Dl'l'A injection, thc fccal rscrctioii 
is quitc constant except in the case wherc 
DTP.4 was administered bcfore the lahi. A 
possible explanation for this constant fecal 
excretion is tlie fact that most of tlic livcr 
deposition of 1431'11i occurs immediately (within 
90 sec) after injection.. L A F L ' M A ( ~ ~ )  has suggested 
the injected fraction of 1431 '~~ which hydrolyzes 
into colloids and deposits in the liver, breaks 
down and beconics protein bound, and is re- 
moved by h c  licpatic cclls into the bilc and 
fcces. I t  appears that DTPA enhances this 
mechanism and a rather constant fraction of the 
liver deposition is cxrrcted in this manner. T h e  
urine excretion results l a r ~ e l y  from the DTPA 
complexing of the l43Pm still in the blood stream 
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A V E R A C r  O f  6 V O L U h l f f Q S  

\ \ NOT C I V f t .  D T D A  

@ T P A  1 m 2  5 H R  2 4  H R  A f T E R  
] d ) P m  I N J E C T 1 0 4  

3 1 P A  i . I R  26 H F  A8 HR A 4 D  I 2  HI I  
A F T E R  I A J P m  I N J f C T l O N  

P A  3 0  M I N  A l T f R  "'P, 
I N J E C T I O N  

D T P A  5 h'lpi B E F O R E  "'P" 
I N J l C T  IOh 

I , !  

C b a I5 I2 I A  

D A V S  A F T E R  l f > J E ~ ~ I o ' t  

1 IC. 6. 'I hc cflccr of DTF.\ on 143Pm rrlcntion iri  humans. 

Tnb l t  3. Srhrdidt of D TP.4 ndminis(ratior! and ~ o ~ n l  rtrinn!v ond~frml  cxtrrlinn rlilrtrinqjrJ1 6 dcvs 
-- .---. - -- -- -- 

Timr of administration of I q 
DTP.\ relatiyc to time of' I'cr cent Pcr ccni 

injcction of l'nI'rn lost in win. lost in fwa Subject -- ~ 

I 5 min Ix-fbrc IO0 0 
. 2  30 min d t r r  80 7.4 
3 I hr, 5 hr and 24 hr aftcr it; !I. I 
4 I hr. 34 hr. 48 hr. 72 hr after n l  n.s 
5 .  5 hr aftrr 3H n.2 

24 hr aftcr I:, 8.7 
- - ~ --- - _ -  

6 - . - -  - ----- - - - __- - - . 
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and 01' CCJLII'SC' J i u u l d  dccl.ca?;c \\.it11 longcr tinic 
iiiicrvaI\ bct\\t.cn 1 4 3 1 ) ~ i i  and U'll ' . l  ii?jcctiou. 
LiiILi.tutidtc*Iy, 1L.cal s a ~ t i p l c ~  \VCI  c l w t  ~ollected 
li.0111 I ~ J C  1 u i u i ~ i c . c i ~ ~  \\.lie rccci\.cd onc gram of 
lI?'P;\ aiter 8~ days so the fecal escrction froni 
long-tcrlii burdens of prorncthium in humans is 
iioi kncl \+lr .  'l'lic \cliolc bud? couiits iiidicatc 
that up t o  lialf the cscrction could Iiavc occurrcd 
by [tic Tc:csl routc, tiowever, this estiriiatc necds 
to Le cor.i~ctcd I)!, thc diucrencc in counting 
ctiicirncy ol'tlic liver vb. tlic total body. 

I t  should Ijc notcd that iflITl'.-\ is givcn after 
I I K .  1431)i i i  Ii;i\ c*,wriiially a11 Icft thc blood 
~ I I T , ~ I I I ,  iii~taiicc at 24 hr, the fecal excretion 
ih  cii1iaiiLcd iiiucli morc than tlic urinary 
escrctioii. 1 1 1  ilic caw o l  5ul)jcct 6 iii Table 3, 
thc  urinary cscrctioii \\itliout UTI'.\ during the 
I i i . s t  G Clay> ~\IJuIJ  iiuiiiially IJC about i-lo>i ul' 
~ l r v  initial I d \ .  i~iirricii. The DTPA only causrd 
a11 additioii;d 2 - 5  9 ,  to Ix cscrctcd. *l'Iic iiorriial 

lkcal cscictiuri hii. tlic l i i . \ t  G day, i b  oiily 1.3:; 
of the initial dose bu t  UTI'.\ caused an  ad-  
ditional 7.40; to  bc excreted. In  terms of 
pcrcentaqc iricrcahc riic urine excrcrion u'3s 
i i i c i~ca~vd l )y  -1 1 11, \ \~l ivic . t~ 1 1 1 1 .  fcral cxci.ctioii 
\vas iiicrc*;iwd b y  about 570 06 xvit l i  lJl'l'.\ 
aditiiriistratiuii. 'I'lici cLrc .  tu asscib tlic i~csults 
of the reino\.al of  proincctliium and probably 
otlicr rarc cartli i>ott,pc> I m n  tlic I JoJ~  by L)T'P;l 
administration. it is vet? iniporiant that both 
urinary and  fix-al cscrctinns hc carcfully col- 
lected and  ari.iiyzcd. 

Sincc oiil). one voliiritcrr \\'as studied in each 
variation of L)'ll)-I aciiiiinibtiatioii. further 
conclusion. arc not x \ ~ ~ r r m t c d .  Stiidics of the 
cfT:ct of.U?'I'.\ or; 1431'~~1 rrtcntion in  a much 
greater nuii i lw oTJniiiinture s i \  itic i 4  presently 
under v. a!' a1 L l a t i C ! l C  Sorfhwcst Bioloqy 
Labora toy  and these should indicatc the 
variaI)iliry of I.C\U!I\ to bc expcctcd between 

. .  

iiidi\ iduals. 
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