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Three further ctudles of the blood content and rate of ez~
cretion of polomjus in rumsn subjects have beer done.

Tae behavior of Po followlngésingle intravenous injesticzo
of 0.18 microcuries per kilogram of baody velght wes siudled in
two cases. : L e

One showed & urinzry excretion of 0.09 percent of tke dese
in the first 2& hours, and an avérage daily urine content duriag
the first veex of 0.125, or 0.06% per liter. " During the pecond
woek sfter injeciion the urine valus averaged 0. 06% of tke dose
per day, oF 0,055 per 1iter, "By 70 days it fell te 0.02% per doy.
1o the second cacc 0.07 percent of the dose was excreted in the
first dey's urize; an average of 0.06% per day, or 0.08% per
liter, during tbe first weex; and O. ouf per dey, of 0.03% per
1iter, duripg the sccond veek. i o R

Tne fecal excrciion, anslyzed only 4a the first cese,
aversged 0.56 perccat of the dose per day, oOF 0.007% per gram,
durizg the first weck, and 0.73% per day, or 0.006% per gran,
during the second weck after injection. Oa the JOth dey O. 5%
of the doze was clininstod in the feces. ' ' - ‘

The rapid direppearance of injected Po from the blood
etrean ven seen 4in both caces, falling to 2.3 perceat of ths dose
eptimatod in the whole circemlation at 15 miputes in one case,
end about 5.2% circulating at 25 minutes in the other. fhe wholeo
Ylood veluos were 0.001 percem$ of the dose per ¢c. at 24 houre,
ross to about 0.0CZ5 at 4 or 5 days; and fell to 0.0003% per cc. 2%
70 deys. The comcentration in cells wae two or thrce timcs grealor
than in plaems, and somcwhat greater in whito cells then 1 rcd.

T™hs mctabolisen of ingeetsd Po was studied in one hucan
suvject, given 18.5 microcuries (0.19 )xc_/kilo.) by mouth. Shc
first blood easple, takgn one hour affer aduinistration of the
desa, contained £ = 10°7% 02 tha dpso per ¢€C, and the firsd
urine sample, at 25 houwrs, 2 x 10°75 of the dse. JI7 48 kours
¢he vhole blood concentration reached 5 x 1077% of the dose per
cc., then aftar tho 4th day, doclined very graduelly to s barcly
detectabla value, 1260 than 10‘5%“1‘10667::&:;' ‘et 230 daye. Deily
urina excrctions of 5% 7 x 10-3% of the dose were soca for 30
days rest-ingoetion, thea gradually fell to sbout 2 x 10—11"’,5 at
230 deyu. Bloed end urins valueo vere about 1/10 of those foirmd
efter tntoavmong sdifniatration which, if the hucan behaves
similzrly to the rail, veiald indicate an absorption sf coasidorzdly
leos than 10% of the dose. Fecel elimination amsunied to 17% of
the écse by the end of 3 daysi averazged 0.26¢v of the dose por daZ,
oz 107X% ser gra:, briveea 10 and 30 days; and finally fell to

T x 1573% at 230 dzre. Ly this time probebly less then 0.6 pc
cmzined 1n tha becy, ziving 1077 pe. in dzi 1y fecea and 1872 jic.
ar ézy ia niine.
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DITAILED RIZONT OF "XPYINWTYTAL RISULTS

Data on Individual ExSeriments:

Intraveznuy adzinlstration: Case No. 3
@B = 39-yee: old male catieat, wizh énronic myeloid
leukemia, weigbicg 65.2 kgs., was injected intravenously with
10 cc: of sterile phrsiologiczl saline, p3 7.4, contalniag
12.03 zicrocuries of polonium chloride, at 10330 &. L., 5/22/45.
Thedose was equivaleat to 0.182 microcurie per kilogram of body
walght. Tnoe pstlent had a moderately elevated dlood N. P. N.,
53 mg. ® prior to ths injection, 60 lC-$ on ‘the 6th day, ia-
dicatirg a possidle mild disqubanca in renal tunczion.

The excretion dzta fron this caae ars shown in Tadble la,
end Flgures 1 and 2. Totel dailly Po in the urine was fairly
constant for several days after injection. It averaged 0.097
percent of ths dose per day for the first 18 days, and fell to
0.02% at 70 days. Thz2 poloniunm &p: eared in the ‘urine as esrly
2s one hour after injection at a concentratioa as high as that
seen two or three days later, From the end of the first to the
18th day urine concentztlons varied batwsen 0.0 and 0.09
percent of the dose per liter. The _average daily fecal output
du*ing tae first 17 days was O.71 percent of the dose, nearly

4en tinas the urine contant, Though the 2i-hour values shbow
narkad fluctuztioas, the excretion rete in terms of percent
of the dose per grzm of feces remained at & fslrly constant
level betwaea 5 and 10 x 10-3 for as long as 17 dsys post-
injsction. By 70 days 1t dropped. to abou& one—third ths
earlisr velues, -

-
“ . - <
v Uiem et

Blond tarpling for anzlysis was begun 15 minutes after
injecticms Deceuss of this patient’s high white hematocrit we
wers adle to follow the Po conteat not only in plasma and red
cells bus alss 13 the whits blood cells for more than two weeks
after iho bezlanning of the experiment. For this separation,
tks 5 cc. blood sample was poured into a ‘conical 12 ml. cent-
rifuge tube acd let stand uatil the red cells settled to ths
Yottom. Sedirentation was cooslete after 2% to } bours in the
first few s-aplss, but later ones requirad 4 or'5 bours. The
white cella, with most of the plasaa, were then ‘carefully
slpetted into a s2coad centrifuge tube; the two fractions cent-
rifuged for L0 ziautes; both hematocrits recorded; and the
planza rexcved from both tubdes combined for analysls. The
szmyles taker at 3 and § hours after 1njection were left stand-
ing ovaraight bafors draving off the white cells snd centrifuging.
Tea a2nalyvical results are givan in Table lb and Figure 3.

The injected caterial dissppeared raoidly from the dlood
otreer, On the basls of an estimated total blood volume of 4.9
liters (75 of tha body welgk’) and the odsarved concentrations
1a blood snd plasea, we find that only 2.3 percent of the dose

"was presant ia the whole ci.culation and 1.3% of the dose

—_— -
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1n ths circulating plasna, at the ecd of 15 miautes. The lovest
blood valus was found at 3 hours but this ia lergely accomnted for
by the drep 1n plasza contani, to less than 0.3% of the dose in
total circulating olesca, whils tha red cells alresdy showed a
packed uptske of Po. A portion of the cell uptaks seen in the

early blcdd samplas prodadly took slace in vitro while these mmples
twod in the test tudbss for 3 to 18 boure. Ths plasma content rose
by the fourth dey to about tsn times the 3-bour level, and then
graduclly fell eo that by 7O days 1t was agaln similar to the 3-bour
value. PEed cells, with a concentration aluegs two to four times
that of the plasma, contalned aroaad 2 x 10 ° percent of the dose
par cc, during the sa2cond week after injection, and then dagan to
dacraase 1O atout s tenth of trat larvel at 7O dayse, White cells
showad a8 somevbat grezater upiaske than rede even as soon as 15 mine-
utss and 1 hour after injecticn. We have no data on the in-rvitro
urtaize of Po by white colle, dut such an uptake might well affect
the results in the early white call s~ovles. After ths 6%h day,
when tha white coll contaat raached 3.6 x 10~3 percent of the dose
£ar ¢c., 1t docreassd to & velue close to that of rod cells on the
1€th dagF.

Intravenounsg Adrinietrztioat Casa Fo. 4

The fourth subject for intravenous acniaistration was (D,
a Wiey2ar 01d femela patisnt weighing L8 kgo., recziving palliztive
radlo-thazrapy for chronmic myslolid lavkouls, She wvas given an ine-
traverons \njection of 3.65 microcurias of poloniuz chloride (0.18
zicrocusie  per kilo) ia 10 ce. of gterils physiological salins,
o1 adfunted to 7.C, on 7/5/45. No facal collsciloas vere made In
is 2388, but thz urine snd dlood wers followed for 13 days after
Jecilons Tho data ors givas in Tadle 2 ecd Pige. 4 end 5.

e cutput, a2t is in the firsi 100 miautes,
x 10~%5 of tha doss par cc.) in comparioson
Ne total first 2l-lour excretion waa somewhat
-4

T
revi~uply reporied caess3. Tho dally excration showed a

1 decreass during the aext 12 days, wiih aa avarage daily
valao of Q.05 ver czat of th2 dose. Concontrations remeined fairly
conplart 8¢ a Llevsel svcul one tenth that found im the firat sample.

Ihs loss fron the blood stream was 20t quite so rapld as in
case. ZShore waz aa estimated 5.2 rarceat of the dose in

taz total circalation at the end of 25 miautes afier izjection.
Tas lowest obeoerved dlood value was at 23 hours, wvhea the total
tiszd ccntet was abtout LU and the inial plaeza coatent sbout 1.8
verci2t of the doss: Doth calls and ~lannwa rose agaln, cells mors
tian plasxe, so that the high2at whols dicod valus, 2.3 x 10~3
ver:sat of the dose peor eo., wa3 ssen st Y zod 5 days. Separate
rad and white cell anclyses w=rs don2 on %two occasions and showved
2 nigler coucesiration in whits calle. At 23 bours the psrcent of
the dose per co. was l.1 x 10-3 in red cslls, 1.5 x 10~ in the
whits; 2t 4 days cads wers 2.7 x 10~3 and whites 4.1 x 10-3, 1in
*22 tadle and graphs, calculated ccatinad czll veiuoa are givean for

e e - S
o S
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these times to be consistent wiilh the other da?-a oa tota; cells.

In compaTircg these two 1niravenous ez‘perinant: with the two
previsusly regorted (rsport no. 2215), we find essentially the same
urinary excrotiorn rates, in terms of the aver rage conceatrations of
Po during corresronding experimental periods, as in the mrs noraal
of the othsr subjects. The total urine content of (@, who showed
glight clinical indications of remal dysfuanction, was somewhat higher,
though not es high gs in the moribund case reprorted before.
fecal excrotion of Po was about ons-half as fast as (D Yoth
cr.acs of myeloid lsukenie showsd about a thres-fold lower whole
blood content of Po, a% ths ead of 24 hours, thaa theother two,
diagnoesd as ly=phosarcorma and lymphatic leukemia, though thelr later
blood vulues wora essentislly similar. Also the dirrecences betwecz
esl) snd plasna conceantraticn were not quite as marked as inths earlier

cases-
Ozl Adainistrztion? Case Ne. §

@B . 2 347251 cld male patient, veighing 96 kgs., hospitalized
for T-tay treatoeny of chronic myelold leukemia, was given 18.5
Ticrocuries of pelonium chleride in 2 cc. of 0.3 H. acid, diluted in
a glagsful of tep water Just before drinking, at 9:30 A. M., 3/29/us5,
Tols orzl dose was egulvalent to 0.19 microcurie per kilogram of body
velght. Sitarting ore hour after the ingestion, four dlood samples,
5 cc. ezch, were drawn at twuo-hour intervals during the first day.
Therezfter, the gsemples wers taken at the end of each 2i-hour period.
Tz2 urics samples of the first few hours were als kept separzte for
annlyziz, but after the firat day wers pooled in 2U-hour collsctions.
411 etosl spacimens rapresented 24-hour collections, except on two
occzaicns vhen UE-hour stools were passed. After the patieatis dis-
chargs frorc the boscital, he has continued to bring semples in when-
ever hs ocres for a chack-up,

A gmzll amourt of the ingested material was found in the first
urine ezmpla, collected at 2% Lours. Alihough nearly 20% of the first
Az7%e uriparry outut was excrated during the first 7 howrs, it 1
clear from the urine concentration figures (Table 3a) that the ex-
cretion rate lezgzed until sometins after | bours, Thbe fourtn day's urine
conteat shewed a sudien ten-fold incresse to nearly 0.05 percamt of
t.s Gcee, &3 2zouat comzarable to the early sxcretioas following in-
trzvenons 232inlstration of similar doses. If not simply due to con-
taniaptisa, thlis might cocncaivabdly be related to the retention of feces
during tha szzxe dzy, po3sidly causing a soxzswhat higher absorption
rate 12 tbet peris>d. Excapt for the fourth day, the dally urine
vrluss reameined f2irly constant for thirty days, fluctuating between
©,%5 avd 7.4 x 10~3 perceat of the doss, and thea gradually declined
w2 x O“’"‘ﬁ at 227 days after the beginning of ths experiment.

Thy fecz2l elizination of ths ingested polonium was negligidble
ciripg the first 24 hours, but by the end of ths third day 76.5 per-
cnt of the dose had been eliminsted by this routes This elimination

——
M‘m -
et
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rata then fa2ll sberply to less than one percent of the cose per day
by ] days. Beiweea 11 and 32 days, it remained about the level of
10~) porcent of the dose per gram of feces, thereafter decresasing
graduslly to a conceniratlon of 10"5. or about 3 x 103 per day,
227 daye after ingestlion. Ia plotting the dally fscal excrotion
data in Figurs 6, the averzge of two consecutive days was used vherover
poseible 1n order to cquslize the misloading irreg®iritios in de-
fecation. Daily total urinary excretions ars also shown in F}igure
6, and the concentrztioans in terms of jercent of ,_th.eadcsa_'__per‘gran
or par cc. of feces and urine are plotted in Fig. T#'®.. ™

48 showa in Tadla 3b, the Po had already appeared in ths blood
stream by the end of oae hour after ingestion. ,-The highest observed
blood value was § x 10-4 porcont of the doss poeX CCe ‘whole blood at
48 hours. No blood sa2aple was odtainod on the third day when 1t is
quite liksly tbat the peaX conceatration occurred. Afier the fourth
day, tha whola dlcod content decressed quito steadlly to the nolghtor-
hood of 10~5 percent of the dose per cc. by the 116th day. Tho up-
take in cells was approzimately 1/5 of that in the plasms during theo
first-four daye. From then on plasme and call concantrations rerained
essentielly the saze. This is in sharp contrasi with rat ingesilon
experimonts in which,at ton days, the cell concentration vas fouwnd
to be in the order of 100 times that of the plasma (rerort nos.
1717 & 3633). Plasma and cell vsluss ars shown graphicelly ia
Plgure 8. The bdbrokem lines to and from the Hleday cell valuo ars used
to indiczte an obrious question concerning the accuracy of that
particular determination. By the 228th day the blood ectivity was
barely detactable, 7 106 perceat 6f tha dse per cc.

Aay attanmpt to ectizata absorption of poloniuwa from tho g2siro=-
intestinal tract, with tho data availadle in this'case, 1s largely
comjectural, The values for both blood and urine are spproximatoly
ten-fold less than tha corresponding values found following intra-
venousg admiristration of similzsr doses. This fact lndlcates that
poesibly 10 percent of ths dose, at the utmost, may have beson ad-
sorved. The absorbad material may, bowever, b2 deposited in such
organs znd in guch a chemical form that allow it to be more raadily
zobilized into the dlood stresm and excreted through ths kldnoye
than sfter injection. Something like that sazems to have tzken
place in the rat ingestion axperiments in wvhich the urinary output
snd the blood concentration, in rolation to the amount found in tho
body efter sacrifics, was much higher than in injected animals. I
tals vere the case in this humen experiment, the data would indicste
taat conslderadlY less than 10 percent had beeam absorded.

[} Y -
N s Ve o -

Lemgl eificiercy in polonium Pezovall

Eaving e consideradls ollection of data avallade from theesd
studles, 1% seemed thet scme oxpression of the effectivenees of
ths kidncya in renoving Po from the blood sirsam wuld be useful.
Erang bas eshown, for oae hurman radium polsoning case, that only
atout ono perceat of the radiun present in tha blood strean af eny
ono tine vas excretsd per dey in the urine; that is, less than
04Cl rarcent of vhat L2az2d through tha kldney circulatdon.

Ta
¥y

L. -

oiwrots Ll Aud, J. Co, Evans, R D., et eal.-fmn. In%. Med., 1

e mend Y .'r~.‘-)‘:

122857717



_:——.—-——.__:*—
—
ol

Page 7

Sinilar estimations on the besis of whols bdlood content in our five
mizan subjects, as well as in geveral rat experimests, gave about
the saxs value for polonium recoval as for radium.

Rexoval of plassa constitueats is, hovever, usually considered
ths better axpreseicn of kidney efficieccy sinca that fraction 1s
presumably more aveilade for excreticn. Total Po in the circulating
plaezs at ths end of each Zl-hour pericd was calculated from estimated
individuzl bdlood volumss, and hematocrit and Po concentration values
of each ganpleas 7The Po in each day's urins was then exprossed in
terms of percent of totel Po in plasma at the end of ths corresponding
period, This valus renalnad essentlally the same in each casse
taroughout the period of odservation, in spite of day to dsy fluct-
nzitieng, Both (the intravencus eubject, reportad hers, with
the zoro normal kidney function) and (the oral administration
casa) excroted on ths average 1.5 percent of thsir plasma Po every
24 hours, Assuming, as Evans dld, 1CO paasages of the dlood through
the kidners per day, this neans that less than 0.02 parcent was
con tinuously renoveds The other intravenous case, with slight rensl
raifunction, ehoved a somewhat highsr averzge rate of 0.05% con-
tinuously rexoved froa tha circulating plasma.

Calculating stendard clearsaces for Po in thase experiments,
and frem elngle sets of blood end urine data oz 16 presumadly normal
individwals, we find extrezely low values rangl from 0.01 to 0.08 cc.
of wols blood cleared psr minute. The average Po C4 for eack of
tre thrss experizental subjects fell close to the overall averags
of 0.Q08, Clearznce vzluss during ths first fev bours after injection
wsTe softewvhat higher then the individual’s average while in the
e2arly period after oral adainisgtration they were lower than the
everzgs. Judzlng by 2 very cursory glzncs at the literzture, these
valuos for polonium clearance by the cidneys are consideradly lower
than faz coms simllar cetelz. ATsends, for ezample, may bo cleared
cas or tvo hundred tizmas faster, e2nd seleaium 2t lesst fifty tiues
festo . “han Pco Whether thils 1s due to extremely slow glomerular
filtration or 5 & high tendency for reebsorption of the material
13 iagocsidle to say at prescad. :

Corrections for Badlsactive Decsr

In tals rezort, as in all our previous reports, except when
specificzlly statod otherwlse, the "g Dose® values given are those
wvhich would have boen found 4f there had been no decrease in
cctivity due to radiomctive deceys In tolermnce calculations the
zd2134:az) loss of poloniun froz the body due to decay should be
tzicen in4a eccouante Tils adAdisional loss is agproxizately 0.5% per
¢iy for ehort perinds (relf-1ife a 1LC deye).

12283512
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.53

31
.11
,15-0
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1.1
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-1
- 13
0‘4'*
- 15
- 51
.65
.65

063

¥4
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Ll
.29

.63
[ T4

£ icse per cs. x 16 31
e b130d - Plagma - Red calls - Yhite cslls

.25
43
.64
.84
1.15
.67
1.50
1.85
2&12
1083
2.C6

2,1k

2.12
1.93
2,27
+55

1.80
1.77
1. 71
1.6%
.72

32

4

219
.72
.63
1. 30
1. 40
" 1.85
2.26
2.086
3.55
3.09
2.17
2.30
2.78
2.50
2.10
1.87
2"'-‘0
1.85
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Page 13
Tatle 2

Porcent of thc dogc in biood and urine of— (chraaic wyc-
loid leuxenis) aftor intraveaous taoinistration of 0.1€0 micic-
curias of polonium chloride ped ¥1logram of body wolgat.

.

Injestion Z of ddrc “3 of dosc/es. Sonecntrastion ia Eleod
tine ezcretad in . 9 of dosc por ¢c. = 10 3
Urinc ‘Upine x 10 °  Time  ¥hols  Flazma  tells
25 mia. 1.7 2.3C .75
0~ 1.7 kr. .01.8 222 1 bour 1.9 1.65 .75
2.3 ¢ 2.2 2. R4 1.5
1.7 - 3.5%% .003 . 025 u,3 " 2.2 1.62 2.58
3.5 - 28 B __ .02 0037 23 F 1.10 .G 1,20
1 das .0589 (toscl) --- ————- ———— a——— ——
2 . 063 .063 1.7 1.3k 2,30
b .G55 055 2:3 2.1 2.5
5 . G5k .04 2.3 1.62 2.82
6 LGS0 .05 2.2 1,00 2,50
7 .052 L0508 1.7 1,46 2.03
8 .053 .027 z.0 1.608 2,06
9 oLy . 047 )& 1,20 2. 70
1% . QL .C25 1.6 PR .33
12 .ouo .02 1.7 Lo bl 2,3k
13 ,033 L0327 LI .28 2. L0
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Table 3.

Parzent ¢f tha dcse ia blosd, urine and feces of_ (chron-
1> wyeloll leukenia) after oral anministration of 0.133 microcurie

37 goleaiva chlerids nar kilogranm of body welgnt.

da. Fxcretion

Concentration
Tine after % of dose excreted in % of dose/gm. % of dosefce.

ingestion- Fecss Urine Feces x10 Urine x10
J - 2% urs. : . 00020 075
2¥ - Lk ars. < 00032 .20
4t _ 7 nes. . 00035 .16
1 -~ 24 kroe. <37 - 58
1 adzy 00555 . Cla{totzl)  .2036

< §D.1 L0033 126.2 .50
3 3.4 . 0U56 122.3 U7
i — .CUE -——— 6.4
5 3.35(L2 hr.) 0074 32.7 U7
6 1.33 .0073 4.7 k6
[ . 118 - 0067 30 4t .37
£ .321 . J056 3.6 .25
s . G0 .50L8 1.6 «29

e 2171 . 0OLT 1.7 <35
17 —— . 0053 —— o34
1 .367(k5 hr.) 0071 1.5 .28
15 .272 L0057 1.5 .26
13 <135 . 0064 1.15 .28
12 .28 . 0065 1.L41 .10
2> .250 < 0JHT 1.48 .26
2L L 207 . 0059 1.32 .24
g2 <162 <0058 .33 .23
32 181 . 044 1.20 .26
Lz . 086 . 0030 .31 .17
53 .123 . 00295 .56 .26
%3 .C37 . 00235 .23 .18
115 .031 .00113 .1 .11
1Ly .032 < 03052 .22 .03
133 .« L005 . 00025 .ol .01
cz27 .03 . QU020 .01 <01
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Page 13
| Tatle 3, continued

3 b. Coanceantratlon ia dlood.

L
Tize after % of dose per cc. x 10  1in

ingestior ‘hole bdlood - Clasza - cells

1 hour .6 <72 .54
3 hour .5 .H4 <38
5 hour 1.3 2.06 34
1 hour ) 2.39 33
26 bour 2. 6 Ll. 22 092
2 days 5.3 3.55 1.84
L 4.2 6.32 1. 72
5 1.9 2.28 1.50
6 2.2 2.57 1.84
7 1.8 1.88 1.62
8 2.6 3.28 1.66
11 1.6 1.68 1.46
12 1.2 1.3 1.10
13 1.1 1.21 1.00
14 1.3 1.33°  1.22
15 1.1 1.05 1.27
18 " 1.3 1. 45 1.02 -
19 1.1 1.03 1.15
20 .80 .78 .84
21 .8 .84 .85
22 .75 .71 «19
32 .71 <57 .89
Lo .83 < U9 1.22
54 ‘ .26 .10 .10
88 — .21 .39
116 1.4 .08 .19
1kl .09 .09 .09
193 .11 .10 .12
223 Y .08 .06
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