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¢ BAUDRIESG ¢ HUMAR SURJL U3

Khatanet

Maear etndics exploying utanivm enzrichsd in ’;hg isotopes U23)+,
i ‘35 hﬂ. 78 bean enrrled ouwt 1n eix humen subjects; four males and two.
fomeles. Tho wvranivm was glven intmve:‘).ouslzr in the hexavnlent state
an wranyl nitrate in smounts venging {mm 6 mlcrograns to 70 mictogreme
per }:ilo.gra;;i of Lody welght.
Fach individval of the series rncotvnd a slngle 1n,jection of the
n'v’;nl cxcepu for Sudbjeet 6 who was givm "two uidoly sooced doses. The
' firat of these vwas when his conditlon was noxmel and the s-zcond after nn
acldosic had been nroduced by ing aetion of apmonium ehlorlde. ch&l
function thals :’.ncluding welnary c‘u‘tal:z.so,‘ protein, anino N to Creantinine
N retlo, and clearances of t;iannitoi #nd p - sminohlprurate wers done
before and after administration of uranium. ..Only at the 70 mlerogran
par kilogram level in Su’bjeét 6 wag there a clight rise in urinary
catalase and proteln cuggestiug that tolerance hed basen resched. All
o‘t,her tests wero ncgativeo‘ ’
| 'The axcretion of m‘aniwr; was mainly in the urine, where {rom
70 to 85 per cont of the adrhiﬁiatoroﬁ. dose gpveared In the firat tweuty-
:.)‘.'our .hours., Urine of the second twenty-four hours contained about Y
per cent, and the third twenty-four hour-urine, 1.5 per cent of the
admintsterod dose. - Detectable amounts were storeted for at least o weeks.
It s surmisod that this late oxcretion represented uranium originally

stored in the bones. Negliglble amounts of uranium were found in tho feces.

. 'J
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11, STODIES ON HOMAN SUBJEGY

I. | Introduction

‘The taxicélc@ical wsrk on-uraniun les concelvel of the metal
mainly as & chemlcal hazard, and 4% is slong these lines that the preson#
expurimemts. have been dirscted. hile ﬁ'ranium éompouﬁds are highly‘poisgn-
ous when they gain a@céss to the cir(mlation,. there 1s little reason to
fear thet serious tox’ic exposures will occur during thea ordinary course |
of industrianl _ac_tivitiem Urenivm salte are absorbed poorly when ingest-
ad énd unless there iz grosns carelessness, the iInhanlatlon of contaminated
dust can be controlled readilya ‘

It 1a poseidle, howsver, that long continued exposure to the dust
of concentrates of 923)"" ue3s nay, _'beég.mm of more intensive slpha emission,
coustitute £ radiological lémrd_parti?tﬂafly for lung and bone.

Bexavaleat uraniun forms comple:ﬁaa w;.tiz bicerbonate, citrate,
Phospha te, a..md. protsin, and when glven in :small amounts.‘is filtered fapidp~‘--~ .
1y thmugh the glomesvll combined with ‘biéan-bonntao A fraction of the total
dose, from 10 to 20 per ceont, becomes Timed to tho phosqih_ate grouvps of
bone (1) (2), froﬁ vhich 1t 1s released gradually. Because of the manner
of 1t elimination, the chief toxicity of uranium is for the kidney, where
1t produces a severe tubular nephritis (3). 4

It has been found recently that rabbits and dogs pften shc;v PEED . B
in ix_zqrea.sed urinary catalase and proteia to Injections of uranyl acetate

‘glven intravenously at a level of 0.0l mg. per Kg. of body weight (0,006 me.

of uranium metal) (4). This dose is well below the level that will produce
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The production of an acidosia nonium chloride (Subject 6)
decreased the rate of excretion. Attempts at mobilization of tha .

fractlon retained by injection of citrate and by the use of a low

calcium diet plue dihydrotochysterol were ineffective.

!
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synptoms of toxtenby, VR de ly  cfonny otie s on of daabluwd e

P X
A - - - - - 2 ’ h} ’ ’ B "
R Workgers in wranian zlanis s deen sgrolis: 19 Lo -Ltl’-!v C.3 mge 1w

immhymfou.t: now o ($).  Obviously e dw of inlersnt o dstoniino whetn

san will reast with oo inlasuris zad erpisiveric ©o zuch small cuarditieg
of M’nxxi‘m: ':‘é’xz;h wiaeal stedlow we Tl d@lvtoraad *ff.l;{;.:t’lf;,.,‘.‘: af toYezennag
the mosi gsuscetitle anlonl thu;. has C-«‘x: iwventlgnted i the zabill,

whils the toxle effects of uraniuvm are preduced less rsadily in the aat
"dog, and rat in approximately the ordei' mentioned. Xhe experiments which
we have been able to carry through suggest to ue that the chemical toxicity
for adult humane as meazured Ly cétal&eo and oroteinuris, 1z more mnearly |

the order of that for the xat and suggests that geaus homo occuples a

position in the more resistant group of mammale.

11, P\l@ose of Zxperiment and Hcstlmtl@

'i‘hs mvestigation was undertmzen wlth these objectlves in mind.
A. To find that dose of sollible urdnium salt which, when

introduced intravenously as & single @se,' would produce just detectabrie _,_
.renal injury. The Liets employed to ascertain renzl damage wers urinary
catalase (Dounce) (4), uricaxy protelin (6)\ ratio of emino nitrogen %o
creatinine nitrogen in the urine (1), glomerular filtraiion (mannitol) (8),
rennl plasma flow, maximunm %ubular excretory capacity (vara aminohipﬁuric
acid) (9), and urea clearance (10). Mot all ot the nore complicated tests
of renal function werse done in every pafieni;; howvever, urinary catalace
and protein which are vezry sensitive indicators of rena]: ir fury were followsed
_caremlly in each case.

B, 7To mensure ths rate at which soluble uraniun coupouads &ra

aer GV
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eliminated fyom the hynan btody énce thay have enteored the elrculation
Both vrine and fecal spocimans wero obinined from the experimental subjects.
Urine was collected in individuel voldings on the dny of the injection and
'thefgéffer in pools of twenty.four hours. The excretion was determined by
tha metbod of el sctropleting and alpra couniing 23 glvyen iﬁ Part I of this
repox?. fIt was soon found that the amount of uraﬁium appearing in human
feces after Intravencus adminiatratioh of salté of U6 was negligible and
tho forsl aralysog v ora discontinuedn |
C. To obmoexrze the effect of measurcs almed nf increasing ox
decreasing the rats of excretion cof uzaniumf
| Threo expexriments of thls naturs wera parfqrmad. Mobilization
of the small fractlon of the doee which vas apparently reftained was not
affected ﬁy the intravenous adminlptration of citrato, nor by placing one
of the gubjects on & low caleium d4iaC together with large dosealof A, T, 10,
Production of an acldogis with emmoﬁium chloflda. op. tha other hand, clearly

delayed the excretion of uranium in $he urine. The deteils of these experi-

ments appear in Section V.

111, Selectlon of Subjects and Size of Doge
ého'experimental subject; weTe chosen from a lorge grouwp of hospital
patiente. Criteria of importance in making the selection were reasonably
ébod‘kidney Tunction with urine free fronm protein and with a gormal gediment
on clinical examination. The prodabdility- that the patient would benefit fr:m
OQntinuad hoﬂpfhmlizaﬁion and mgdical care was also & facter in the choice. '
._ When higher levels of doeagevwere conteﬁplated. individuals from the oldar.

age groups were ﬁreferred in vliew of tho remoto posszibility that lata

v
t
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radiation effects mightb oceur, and the enriched isotopit mixture was "diluteg
wivth ordinary uranium.

The initial dose was set at approximately 6 micrbgrums of the metal
per kilo of body weijsht and was chosen because this .J..S the amount which
will oceasionally produce just_de’cectablel .t‘emporary r’anal. damage in the
‘rabbit, a susceptible animal (4); The plan called for a siowly inereasing
dosage pro:vided that no signa of injur); to the kidney weras doteoted. |
Until it wes established that the rate of, a'nd total excretion were of the
gams order as that for exporimental an.inﬁls,, no subject received more than
a siné.;le dose., When the emount given approached 50 wicrogrems por k'j.loa.
the enriched mixture of igotopes of U234n ﬁ235 was dilutsd 1-4¢ using -
uranyl acstate of the orc_iinary isotoipic composition; It was estimated
that this would decrease the radioad'tivity to a point whors any late radiation
effacts would be highly improbable.

Subject 6 received ths le}x'gest. amoﬁnt of wranivm, abount 71 microgramns

per kilo and was given a sscond injsction eftor woidification with armonium

chloride, No remal touxic action wes noted, T

IV, Bature of iaterisl ard Tushnlgus of Adwinisivation

Porti}ons of ths sampls of ureniuwm oxids (1'1308) eariched in n234 and
0?35 and desoribed in rart I of ills report were wolghed out and used in
the preparation of soluticus of urfinyl nitrate for intraveuous injection.
Whsn ths subjeot had been selectsd and the sise off the dose ugreed upon,
_ enough of ths urenyl nitrate solutiun to contein ceversl times the gquantity
. of motal roquired was diluted with a 1,15 por cont solution of sodium

acelets, the pH o1 widch had beso edjusted to 1.5 by zddition of a little

TLIITLE
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eonlie aclde  Tho Qidnbioy wor av-an; ] oo thal Lhe goar bty of wrenlum to
br injected woodd Se presoat in 5 to & ml,  Afher antoelaving to insure
sterility aboht 20 ml. of ths buffored uraninm salt was transferred
za:;epfi.cé.lly to a sierila rabher capasd vlale frisl ayalysls wers run on
the remninine rolubion nv hhe melhed ~F platine and alnhe countling Mo serve
as a g:h.e‘c.k orn 'tha asauracy of the inibiol wol Lehing ond Alution, I the

ount of uranlvm present asz calerlabed frem thess twc rroceduros was found_
to be in agrezment. the sf{a.?ile aolublon was consldored oady for use,
Jechnigue of Admipistraiion

The nosessary amcmnh of sterile, baffared weanyl solution was drawn

IGin th@ vial into & 1O ml, 3ll-glaas cyrinee and tho peedle removed, The
syri.nge was hand,ed to an assistant and held so thab none of the contenta

yald eseape, A punhor 20 nesdls 'vns‘h" d to anchher sycing» partly £31lled

. Witk physiological »nline wng uveed bo canmlate the median basilic vein

a

the patient and encugh seline injechnd to insure trab none of the liquid
ving lealdng inko tha adizecnt tisawes, The necdle wae left in place and the
ayrings conbalning the zolnilon of uroslum was attashod, A few drops of

hleod wora drawn irdoe the barpel to.indicabnc ths cenSiwyad pabency of the

nerdlse and the injoctlon was mads promphly. The syringe was rinsed cnce

hy mithdrawing the plunger slomly until. bloosd raached the mark of the

provious filling, and ths blood was reinjected into the veln,

P}ée;aration of Dumny Scluflong

The same syringe used for the injection was repldly cleaned and drled,

The sclution of uranivm was again drawn from the vial to the proper mark and

the needle removed. A second 20 guage needle filled with water was attached

and the solution ejected throaugh 1t into a 200 ml. volumetric flask. Water
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point, animal experimenis suggest that 1t becomes flue’ in the kidney and
particularly in the bone and that it is slowly veleased from the latter
site (1). .The details of the muman experiments are 4o follows:

Subject No. 1 - White male, aged 12 y@az’s. H%. 171.5 em., \rh:a 60.5 Kgo
B, P. 110/75

In 1\ 3;'})‘3“131 becauss of rhammataié. arthritis and uretheral sirictﬁréso
At the time of stuldy his dlsense wvas quiescent. The urine contained neither
protein nor ca.gts and the ocatalase aativizy wvas low. Control anélyéos of
urine and feces did not disclose the pressnce of uranium. Oa 8/9/’46 he .
was Ziven 335 mierograms of uysniwz metal iatravenously a9 the nitm&a
diluted ¢o ‘5 ml. with godiam acetats tuffer. Gollcchrms o¥ urina and
fescas were. atar'ceﬂ 1mm.aaiétalyo Bloed wvae drawn fouz hours latér and
found to be withon‘* detsctaltic a Jp g activity,. Tio portioent clinicel

laboratory deta are fo Lo Jound iu 'ﬁaﬁ}le 2, Tablos 3 and Y pregeat lbe

 values found on amalysce of urine aud faces veipsutively for urendium,

Deily teets of a fresh spescimen of wrine 3id nov veveal incraﬁeﬁd T,
ea{alane activi@y in the post injeciion pmﬁmﬂ.. thers vas no pmtei mz'ia.
the ratio of amino H/Creatinine W did not sc;u v gigniriceat wvarlailion
from the sontrel valuen and as mey RE) uéon fron toble 2. wred clearance, .
blood ccunts aed Blood chemigtsy was not ai’i’ec'tgd by the &ix 204108

In summory the h;tnmw;ﬁoma injecvion or ne::ammm; arsainR propared
from a mi:xtare m’ isotopes envichsd ia ‘Uejjl‘: 1)‘235 a% o levol of .693 nicry-

grams (of mntal) peY kilowam did not preduse dznonstiable reual damags.

Subleot No. 2 - White fomele, 5ol 40 yecrs, Ht. 16"0‘5 o, Wi. T2.86 Kg.

B. 2. 136/%0

Hsspitalization was rogulzed seonuso of ecubk sleokollem,

N R——— it



SUBJECT M, 1

TARIE: 2

Clinical Tests

" ‘Befors Injectf.ion . AMter Injection

Urea Clegiénces Q/ﬁ/hé | 8/13/46

Standard 1023 Stendard 100%

Maximm 1155 - Standard 91%
Blood Counts 8/2/L6 ' 8/12/1,6

R.B.C, 5.5 mi)1ion 5.3

Hb, 13.8 g/ 100/l 13.8

T ', 4.B,C. 6,800 . cumm v 8,850

Differential Count ) |

Neut., 66 pircent‘ : _ 64

5. L. 6 o 15

r
*

rq
o

ot
A Y
A

E, 1 2

Deg. 5 3
ey - > IR WS vy R - P 2 - P S S TV W st N e e e T T T WY w—m——
Blood Chemistry 8/5/L6 , 8/12/16
Icterus Index 5 Units 5 .
Sugar . 66 mg % 62
N. P, 31 mg % : 31
Total Protein 7.2 - Tgm % 7.2
Alb/Glob. . h.3/2.9 gn % L./2.8
Inorganic P, K.3 mg % Ao T
Alk. Phosphatase 2.3 Bodansky Units L 2.5
Carbon Dioxide 70 : vols. & - 63

. Chloride Cen - neq/liter a9l

.

These tests likewise indicate a nepative effect at the present level of dosage.

|

A
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hallucinatory stato, cirrhosis of the liver with congesiive tgpianczm, aly

L&)

and & neuropathy probably due to deficlency of the vitumin B compl'e:c,.

. At the time of this study tho moro acute sympioma hud oubsided ond while

gtlall a bed patieni, she wae able o glves adeguato casopera”c;’.on in tho
collectlon of gpecinens, Cz §/1E/U6 che was vgiﬁ;@zz en dntesvorsns injection
of the enriched 1suioplc mi::mre; c;:i‘ U‘?BI'L, ';7235 gimilay in cémposition ta_
that recal-3d iy Subject 1. In this inslancé the dove wos eguivalent to
476. T micrograms of the metal and was contained in 5 1ml. of ths buffer.
The amount given per kilogram was thue 6.% microgiene. Caiisctiotv.s of
urine_ wera begm immediately tut the f.eaéeﬂ ware nod saved. Clinieal
laboratory date and tho results of anszlyses of Phe uirins for uranivm may
be fourd in tatles § and 6. Tavle T gives the ratlos observad fo¥ arino
altrogen to_ eroatinine nitregen in 'E‘zm uri;&aa»he;{’m‘u and afiry the nrsnive
injection. It 1s ovident that thece did mot chanjd.

As in ths firat ratient, f.:ha w:éz'atian of '35 in urdng wan vory
rapid during the firast twenty-four hivurs ana’i eceonntel for Y por ccud of
the mmount givem. fThe totel excration by ".chis ouss vag 87 per cond ab
the end of six deyu. Agzaln there was mo inercass ia urimry catslese or

protein or other lndiecation of renxl injury

Subjost No. 3 - Vhite femcle, sced 2t years, Hbo 155.5 cme, Wi 37 Eg

B. P, 100/¢C
Thia young woman was in Lairly @od' plxyéicul condition excopt for
n1)¢ ehronic wderaatritics wbish wao thousht o o socondary o an
enotional maladjusfmeat.
Five ml. of asstate 'é&ffez’ csntalning veanivn nitrate equivelent

to K84 mierograms of the metal i tho fomm of the eariched mizture of
&
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o X a
212 ang
LeR

- R.B.C. PN illie

,l'o!;?

MY

Ho, 1.3 . em/ 100 mi,

id.B,C, 1,000

e Idffevantial

’ ) ay gy
Bzs. 3 por cond
. j
- - ¢
Rog, 5
[ [ M
220 [t Pt .
Lymphs. A

Ll -,
Moung, o

Abnornd 4

-

Dats ) - 8/3 b7A

RS N

i)

;
¢

Icterus Index M ’ 20
~Bilirubin

Direct -

Tokbal . -

Cephalin Flocculat.ion

34
Thymol Turbidity .-

§

1o00E52

’ []
Doosd Cheminlyy, Hun.
MO IR U LTI LI LT PR T30 3 O v ews ~reae

20/

!#0:32

1!«' ] :)

11,000

(331

29

D2

0,59

1007'



SUBJECT NO., 2

TAEIE 5 . ~
. {con't)
Total Protein 6.85 , | B 7.2
Mbumin  © 3.0 T bk
Globulin 3,85 a : 2.8
PN 21 ng % . . o2

Owing to difficulty in performing venupunctura s tnly cne determi-
nation of CO2 in serum was made. This was L& Vols. € on 9/26., Alksline
phosphatase was 4.6 Bodanslkcy units on 10/5,

. Renal furetion tests performegd under the d¢irection of Dr. Waterhouse
were as follows: Co

9/11 - 9/28 Hormals

Renal Blood Flow 462,.8 ml /min 402 594 4 102

Glomsrular Filtration 114.7 sml/iin ]'.18 117 & 16
Maximum Tubular Ex- " ‘ |

eretory Cepucity 6‘906 r.?g/z:;iz: 79 7.5 4 13

-t

1000453
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SUBJECT NO. 2

TABLE 7
Ratio of Urinary Anino Acid Nitrogen to Urinary Creati'nine_ ‘\ .
(Analyzed by H., Berke and M. Crossmon)
.. Amino Acid N "Amino Acid N
h Creatinine Creatinine
Date M1 ‘day specimen | Date” - 8 an Specimen
- . except for 8 am e )
- 9/10-11 .64 : 9/11 L6,
9/11-12 bl ’ 9/12 ‘ 057:
9/12-13 .63 | 9/ —
9/13-14 .96 9/ T
9/14-15 — - , - 9/15 42
9/15-16 .5 _' | 9/16 .37
9/16-17 65 | 9/17 !
” 9/17-18 .52 9/18 | .62
Point of Uranium Kaministration
9/18-19 o5k | S 9/19 o5h
9/19-20 256 » o 9/20 52 L
9/20-21 61 9/21 a8
§/21-22 L6 . 9/22 | 45
9422-23 .58 ! 9/23 .48
| 9/23-24 .56 9/24 A
- 9/24-25 48 9/25 . oh7
] 9/25.26 .56 '
9/26-27 kb
¥ 9/27-28 61
| 19/28-29 42
9/29-30 67
{000Y455

‘5‘ E""(’.:‘-_;.‘f., B ‘T(



. ..u',.}-l\rn -\I ‘r ; ‘. Uf

Tale doar TODTER 3.

Urine and f~cas yevn

and alpha couniing method.

was oo wmz2ll
shown. | Table § glros S
Tas excrotlion
thexn in the fixrd

ugnal padhorn

2d 1565

o Inelks

.(“r; il

wherogerns ¢ of 46 wanlem per kilogror.

mzalyzeﬁ for uranin by the eleoctroplatling

Tho quantity of n""“i"f\ ererated In the foces

vely end no fahniotlon of the resulis is , N

14

veing valnng oblainnl L. ths plpha counting method. -

ha goncwhad lesa ennplets at the ‘end of five days

noes bt tho curva of elinination followed the

ragorind in iahle 9, and the

m ‘T-r.mry amiro M/Cransinise ¥ raties 43 able 10.

- Al“'lnu,_.,h tha doss of uraniy

dounbled,

ﬂmrrnceo Tanalned vnotn

thm‘a ’efﬂ-&ﬁ rno inarcane In nrd

nzed and fsho vRidness anino mid

m an & xiiloormw dasln had been more than

Lnayy entalnsn ar protoing

the Tangl

soson/erentinine

nitrogon yatlo wan noi nlloved,

Intorad hanoltel bosrmce

gag sFoladantinal *mnot,
wag trrn mt‘ a"%“ ty She

Lot

foy neeal s

soadiane L et

wors nogative esnun™ fox

™ nr'en

rattemia. T
- the pationt expeord 0
There was no eridsnes of

X/ . mntrv...uum foetor.

10004Sb

e osuber eymitons
Mot
‘hlead for

aviphs

—1”"”) "’fto 61" K{’o

Lolimm nand Ddleeding Irom thae

sabhelded alier ten daye ond he

mlﬁ.m Tals. Stoois continned to show positlve

a waex hut wore anmal thoreafisr. X-voy

14, seh ond mucstinal tract

e

of tho ecophsers, stons
eonrss fnot?lo and winer smell bowel mucosal
normal. Howeovar, duwring tests of urea clearxsnces,

AT eud iy dn volding at the bimos rdquesbel.

vrothral strictave or enlox gomont of the Prostrmats

SECERET-
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Y Date L0/20/16

Re:d Biood Cells Lodd pilliog: ou oo, 5.13
Hemeplobin 12,0 prams S0 mlL : Not Done
Yhite Blogd Ca)7e TR en, _ 5500
Diffa r‘()lﬂf.‘!.sﬂ. Qo -

Ne n trophilas SO 68%

Lymnhiocytes . jeloy s . 18%

Yonoeytes o } . 10%

Bosinophiles

Basonhiles 25!; ' _ 15

Degnerate forns 2T

o v —

00 C100E

1000458

'




’ EEEEE RE T

SUBJEC'F NU. 3. M—,:' [ ™~
TABIE 9 (con't) . | . 1
) Blood Chemistry '

9/28/16 ' 10/11/46

Serum Chloride = 99 m. eq/liter 101
Serum 002 T . 51, vols, percaAt ) 51
Blood Sugar o - 62 ég/parccnt 72
Non~Protein Nitrogen 26 mg/percent. 32
Inorganic Phosphorus ’ 3.7 mg/pércenﬁ 3.7
Alkaline Phosphotase : 1.3 Bodansky units/100 ml " 1.3
Total Serwm Protein - | '508 ¢gm percent | 5.5
albumin L.l gm bercent 3.6
Globulin 1.7 gm percent . 1.9
Total Bilirubin 0456 mg/pe;-cent 0.37

Renal Function

(Dr. Naterhépse)‘

" gmime o

" Glomecular filtration rate —- 118 ml/min, 117 ml/min.
Renal Plasma Flow - 593 ml/min. 638 ml/min.
Maximum tabular

Excretory Capacity - 8l ng/min. | Not done
(para amino hippuric acid)

1000459 | R ;



'w"'!“-m::"‘ e e
< At E

JTABL 24

Ratio of wiirary am’no scid nitrosen to vrinery erzatinine
{(#ralyzed by H. Berke and M. Crossmon)

ALl Day Snacimans

Amino_Acid N
Creatinine

9/20-9/21, k5 | (20
9/21-9/22 26
9/22-9/23 o .27
9/23-9/21, .31
T 9/24-9/25 .27

9/25-9/26 . 21

~ gy~

9/26-9/27 BRI _ .30
_9/27,9/28 ‘ { ' o3y
9/28-9/29 ‘ 27
9/29-9/30 217
9/30-10/1 y .21

Point of uranium
administration

10/1-10/2 L

'10/2m10/3 . 2l

10/3-10/L . ' 21

10/4,-10/5 : ‘ 22

10/5~10/6 . K .22
‘10/6»10/7 '., 226 ..
10/7-10/38 | _ 28"

10/8-10/9 | 22 :

* ©20/9-10/10 : .20 .
I

& Sh | | §L+FSFH%?E:T'”;
F000Ub0
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Urea Clezyances T S
Date . Type of Clearancs | Per cent of Normal™
16/1&/1&6 ' Maximun , : 61
10/16/46 )  Standand | 43
10/18/4 Haxiwon: ) o n
10/ 30/ 46 Technician il |
, ' Maximm 60
Standerd : 53
10/30/46 | _ Tecknicien #2
" Haximun 56
Stendard 50

Tho reduction of urea clcaran‘ée wzs not felt to be a contmindicatiqﬁ
‘to continuance of tha exporiment, for the urine was noxmal to clinical
examination and had & loy estalaco ayc:tivit:?o lei injection} of +b umnim,;x'
was given on Oztobar 23, 19116; i “oh‘}e ca'sse equal parts of the earilched
isotoplc mixtu;‘e and of the natural mixtu?a ;>f isotopes were glren. The
total dose of wraniuw metal was 1918 micrograne or 29.9 micrograms per
kilogran. “

No significant armownrt of uranlun could Lo dotected in ths Lecos.
Table 11 gives ths excretion of uwraniw ir the urine. 1% is.to be noted
that the rate and percentrss excretion was much {bLo ezme as in Subjéet e
Urinary catalase aud protoin did not inerosse in ths vost injection period.-

At the end of twelve days ihs éxcrotion in the urine per twenty-four

hour period was of the order of J: microgram ard thoere was an al;parent
* ratention of 535 micz-ogfema' presumadly in the boase. I view of Atk'xe‘i’aat

that hexavalent urnaivi vemilexos readily with civeate (13), 1t was declded

10004b | o P
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-l i .
. et L "ﬂ;f; -
S ey

o doterming the oTFcot oF Law. @i Loon moT Lioo i 2f the Tasidual

naeind,

On Fovempar B, 1045 e patient ims givon 2000 =l of a solution
eozrﬁai‘ning U, 6 gm. nodiwa cltmads and L.l ma 'cif;r‘}.u? sold per liter
Unfortuns $elv thip goladlon vas eo Wypotonic Srab ol though glven slowly by
11\%:.‘&_1793\0."1!: arip gver o throo hour period, tha noxd fwo volidings of urine
contnined h@og’.oﬁim and his temporaturz rose %o 33.5% C. As may be noted
fron inspection of table 11, thils mansuver &2 not (ifect tho excretion of
wranivm.

Ona semple oi Ploand vas desva olghs minniss after eompleting the

injzotion and was found o coadtain O, "33-1{5 niersorens of uvraniun per ml.

v

-
I the btlood volwio of 4his mari bo eetimaked ot HCO0 mi, them 11 per aaat
of the doge was siil) within the mrmjms CYRY M.

Tho ol ‘trv’:r emoratlon i Yhe uzine wmp menoured on two control
doya during tha adminicizadion of ::n:’im cidvnte, clivic acld solution and
in o follow-vn perled,  Thevn was conpare %3.‘:?01:,7‘3.5.%'::].@ increase in the
welnary exerndion o7 oiirate {Sedle 12) whieh susports that much of the
eltrato adminiaiarsd ek };-,-?;?3 hoon  motakolize? rathor 4than oxcreted.

Meod eounde and Bla2d ebonlstyry may te Lound in table 13.

T‘q vapre of dosago had n.ow byas Tenehrd where nild toxle offeéts
or tle kidvey weve %o Bo sadlcipnted (14). Thors woe no svidence of such
ﬂ,’;jmng;e' in this subject. Tho lovel of urinaty enialase ant pro%ein' ranained
unnltered as did tho amins 1/Creatinine ¥ 1atio. Subgequent follow-up
oreninations in- the'uli,n?.c rarsalel stendy improvemnnt in his general
condition.

“ SO . :

10004b2
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LLoab colit,

10/7/046  (Student)

Red Blood Cells '
Heb .

Hematocrit

Kean Corpuscular Vol.
Mean Corpusculas Heb,

Kean Corpuscutar ¥h, Cons

Reticuleeytor

N 2 AL ~
A5 BBy

6

10 per eca mm,

21 ge/l00 ml whele bloed
27% R.B.C,'s,
123 cop

50

41% probably too high

YR

10/16/L6 (Dr. Lowrease's Téchnician)
Red Blood Cells 2,670,000 v &y mn
2,640,000
#BC's 10,350
Differential Count
Heutrophiles (sepreniad) 55%
Stab-Cells L
Lymphocytes . 158
Abnoxrmal Lympha 5%
Hononuclears 102
" Eosiophiles 8% y
Basophiles 3$
o 100% )
11/5/u6
Ho. 1O gm/iOW sl whole blood .
-

Hematocrit .29%Z R.B.C,

TETLET

s

g

1400Ubb



Table 13
(con?t)

BLOOD CHEMISTRY

j ' Determination - 10/3 /12 11/1
Sugar E 81 mg/% L 86
. ’ Non-Protein Nitrogen 42 mg/% ' - 38 ) . L2
Serum Albumin = 2.8 p/% 3.9 30k
Globulin 1.6 g/t 1.6 1.7
Total Protein Lo pn/% 5.5 5,1
Choleoteral ' 1120 mg/%i .
Serun €O, L5 vols./% 53
Serum Chloride 5L0 mg/% 614
Fibrinogen ' 266 mg)% 426 284,
Alkaline Phosphatase 21,5 units L8 2.7
Calcium 8.3 |
Phosphorus .209 i ’ 4,3 3k
Icterus Index 30 o | 0 6
Total Bilirubin ' 0.9 mg/3
Thymol Turbidity 208 units 14 15
Cephalin Floc. | neg (?) L4
N . Nyﬁ L QJEH;?EZBJ-«‘>
i

10004b 1
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a7 elonh onp ond 2 helf yenrs and

aronde oovsh oo 4 hoon nrer
thare.vas 2 hlaterr of roiher high consumpilon o»f boce and ale. Thres
wecks Drior Lo his nonli "ﬂi gaidan oi Cotoher 30, 39MG, his cough became
HOY 2. The oo m;% vas strenkel with Bland, he hosd ferer at nighi, ha
boceme mnoroxzie, ¢ semnoiz and sorpleingd of marked wanknosg. vPh;Tuiw.‘l
emminéti.on rovealed elgag of consolidation of the riszht vpper lolia of

the lung. Type 1M RETHSLOICNS vas Tezversd dyon the soutam by direct
typing and by Injcotian dnds e pouse.  Hho tepeentuTe vaa 4O NS,
levloeyss eovnt 80,100, Astorus Indcr &4, erphalip flesculation 2-‘»;

("‘02. contend of memwe 3T ¥olimeg por cent, ehlorldes »¢ zorwn 98 meq./liter,
Y 7

total serun protolin fhd gm. .per cont, pon Pproinin nitrogon 44 mg. per cent.

:

Frea.

Hia Mloenon won o atorey eourse, bbb graduelly ranonded o combi#ed. therspy
with po ‘»cﬂjqn and evlfadingzine, Tmma medicntione wore discontinued on.
Toresber 19, AW ftar he Ind reesived a tofal of 8,755,000 wnita of
intrpmuecalss penl 2l anl 87 emn. of enlfedinzing exally. ‘He remained
cfobedle Lroc ks polnd on Hud his congaloousoes wne €low and siens of
commlidatﬁgcn. of Fhe tich* wipey lm:na, ath ¥ rhysicel axaninadlon, and
by Xexay, parsloisd.  Uoanehazespr vos perfoimed on Nererber 11, 1946
bat no okstructlon o e risht uvoper 10?3.6 zronchus wen dlscovered.

- Daring tha period of abveryation on the motabosllienm wards his
m"i:pmitla woe extellent ord hia g:rainecl 1.5 K{;o In welght,
Since t}*ea tenlm nea [fox uranyl nitrate nppeared gond in ->ubJect 4 at

o level of ahbout 30 micmgﬁ’ms per kilogrem {an umnivm matal). a further

modorats incrense in tha dons was glven Subjent 5. The mixturs of 1lgotopee

- . , . e s P Ly

cL Ty
A e .

1000458
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1000

awiriched in Ue}'hu 0735 g cilutsd 1.6 tn ovdinary weanivm.and indgot 4
in the amoont of STEO micrograns or HE. S microgxams pew ic.i]:cgm:r-: on L'i'sq.:.embi.::
17, 1eh6,

The enalyses of ths uvrine asppear ir table 14%. Again no aigui:-ﬁc.xmt
smount of wraniw -ﬁculd be detected in the feeces by the method of. ;uml.yelu
err.ploj.mc‘.n Al though thers was il'.:) increaseé in urinary catalase {table 1%5),
a trace of‘ protein appeamd. in tha arine u‘;n the Yourth post injestion c;a'm;ya,
¥While it is sugpected that thig uas a chancs cbmarvatianlaad without
signit'ica;xca ag Tar as the uranium was conceried, it is unfortwimie that
the 'pa tient could not have Lean Zollowsd Jonger. 12 vag feollng nmuch
lmproved at the time and ins;isf&d on .haﬁ.ug dilge n: =»ad from the hospital.
Thars was no follow-up.

Ot}wr.ﬂlinical dnta and the amino H/Creatinine ¥ ratles in the

urine may be fowsd in fables 16 and 17,

Subjecth Yo, 6 - Vhite male, aged 6L years, e 163 e, , W, 55.2 Eg.
2, B 150/8h, T, 36,4 _

The Tifil cdmlcelion of this putlead wae o October 14, 1946, Hu
remainsd in i;he‘henpital condinnously frum this date until completion ot
the metabolle shud:xes oum Spcll 1, 1947. His trmnsrere %0 tho metabs liem
unls of the purpose of tha sludies ricorded hele vas oflectsd on Jaimary
3. 194/,

Some of the previous dleggnonas e arovioacloosis general,
hypertsnsion sexondsry, heari di.eensa ay -i;gs:'i.{.-c.v.:_;motiu end l‘;maex.:',em;i‘va
Clugs Tigy alecboliza chienia; Dol aBosted R %‘;i.m.;-;;.'.:; priguan kL
¥1ght upper lobs, }‘:me.-.z:.‘:":u cows Wepe 1y tabuesidos s polaonagy, - Ghe

laut diagnosie wag probably based woon Insafricle .t evidsues Tor afior

459



fenes
[

TR 14

Excretion of Uranjum by Patient No,

i

Tire after Urardum in Uranium An # of dose
Anjection spgscimen, gpecimen. excreted
. hr, min, /Mgn » of dose per ml. of
ata Hour ' laeine
12/27/16 3:50 pm b 10 144,2.0 52,50 1160
5:20 pm 7 50 257.0 9.3 ~04486
9:25 pm 11 | L5 119.0 4ha34 ~0157
S 1.1-:!40 I 14 00 78.0 2.84 -0101
12/18/1,6 1:30 an 15 50 INIA 1.62 20034
o 5:00 am 19 20 ! 3 1,59 500365
8:00 am 22 20 22.0 1,06 0056
12/19/4L6 8:00 am - 1.6 20 48,1 1.%5 ~0012
12720/46 £:00 aﬁ ‘ 70 20 3.8 A ¢60015
12/21/46 2:00 an 9l 20 1.1 .OL 000011
Tobal excretions. ‘ 22L0.0 TE.22
E:u:ﬁ.'.fetic}n during first 22 hours :
and 20 minutes 218’]\\0. 73.29 -0334
Exeretieon during thr'ee.foll'o'.;ing days: 53,,4O> 1.73 .00057
~“

A YR 0 VI Gl

1000410
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SUIWECT §0, 5

TABLE 15 o N

; ' | . Urinary Catalase and Protein

- s ‘ Catalase . .

. Date Hour (. of Ha0) ng. Albumin/5 ml, urine
12/12/16 | 10:30 am . E o 0 )
12/13/k6  10:30°am 2 ~ 0 !
12/14/16 10:30 am 3 ‘ 0
12/15/66  10:30 am |
12/16/16 10:30 an 3 - .0
12/17/L6 9:00 am 2 : 0

Uranium Administered 9:40 am 12/17/L6

.7 12/A8/46 10:30 am 2 ‘ 0
12/19/46  10:30 am 4 { 0
12/20/4,6 10:30 am Lo5 . . 0
12/20 -

12/21,24 hr. _
sample ' 0
12/21/16 10:30 am A 20
i | g
‘ T



SUBJECT NO. & e
TI\EI,E 16
Laboratory Datas
Urea Clearance 12/11/46
1. Standard Clearance 79% of normal. | : _ :

2, Standard Clearance 75% of normal,

Urine Examination: Specific Gravity - 1,015 ; no albumin casts or sugar, -
- Bload Count (21/27/146)

Red blood calls 3.7 x 106' per cu. .
1.,B.C.'s 12,500 per cu. mm. |
Hemoglobin 13 gms ./100 ml. whole blocd
Differential leucccyte count
Neutrophiles ISO? lyr:pr}ocytes 18, monccytes 1 | A -

Basophiles 1L

Blood ‘Chemistry

12/12/16 ke

Non-protein nitrogen 33 mg.% _ 35
Sugar ‘ 78 mg.% -
Chloride 590 ng.% 563
(102 55%- Vols.¥é 63
Total Serum Protein 6.4 gms 697-
, Albumin 3.9 gn.b " b3 -
Globulin 2.5 gm.% 2.4 -
Fibrinogen 3.27 me b .m:
Tcterus 8 3
Total Plasma Bilirubin 0.3 mg, % -
. .- Cephalin Floceulation 1 negative

Pyl
)

[ .
Thymol Tubidity

1000472
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SUBJECT NO, 5

| TABIE 17 LT

Ratio of Urinary Amino Acid Nitrogen to Urinary
. Creatinine :

(Ahalyzed by H. Berke and M, Crosmon)

Amino Acid N

. . - Creatinire ’ .
Date ‘ (a1l day specimen) Urinary pH,
12/1/46 - 12/8/16 225 5.92
12/8/16 - 12/9/16 | 16 5070
12/9/46 - 12/10/16 | 16" 5.87
_ 12/10/46 - 12/11/16 | .15, 5.45
- 12/11/46 - 12/12/L6 015 - 5.54
. 12/12/16 - '12/13/1,6 16 5,56
' 12/13/86 - 12/14/46 R | 5,77
12/14/16 - 12/15/146 a4, 5,41
12/15/46 - 12/16/1,6 .16 . | . 5.5
12016/46 - 12/17/16 .13 5.2 .m
12/17/46 - 12/18/146 .15 5.67 Jraniun admnistor: |
12/18/16 ~ 12/19/46 | 11 | 5068
B 12/19/46 ~ 12/20/16 .16 | 5,38
- 12/21/16 .06 5,99

. 12/20/L6

1000413 S .
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thren months obsersatlen in a tiberelosle sanatorivm, he wvas discharged
with a dlegrools of chronic pulmenaryr {ibronis secohdary to his provious
Type II pnotmonin. The prsszent a.d.miﬂsi_on vas for symptoms suggesting a
gantric lesion. Tole was confirmed by F-zay and gostroscopy and wase

$bought to bo - benim nlee:z’., He dmprovod pfomptlir on medleal treatment
and the x'ﬂ.cer appeared %o heol. Further pulmonary studies including -
eonccnﬁ‘ation of the sputza, bronchoscopy and X«-my failed to reveal evidenco
of active pulmoﬁm’y tuborctlosis. As he bad no home, he agreedeilllngly;
to entor fhe metnbolic unit for special studles.

T4p cxperiments were eet up. In the first of thasé the patient

sorved a hi¥ own control for the second eiperim‘auto

¥xperliment.1 - Conditlon Nommal

Laboratory Datas Ce ' ' .-
Blood: Hb.  13.8 gn./100 md
T8¢ 462 millién/cu. mm.
Wac 8,300
Differsntlal Counts
' 'Heutrophiles 5. 'I._ympmcytes 22, Monocytes 3
Urinot
Spacific Gravity 1.024, Albwmin O, Sugar O. .
Acotone 0. - Hicroszopie 2-3, WBC per high powver fleld
| Stools ‘ . ‘ e
Eegatl-re qualac readtion for blood; on admission to metabolism .1...
X108y of Luz;ga: |
) Roéolvin_g pneumonic proceess in right -upper lobe with

‘rosidual fibrosis. - ,

10004 Tk '
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X-ray of Stomach:
Decrease in size of the ulcer on the lesser curvature.

Renal Function: 1/9/47 (Condition normal)
Rénal plaema flow 482 ml. /min. (Normal 697 + 130)
* Glomerular Filtration Rate 99 mlJ/mifo (Formal 131 + 22)

Maximun Tubvlar Excretory 95 mg. /min. (Normal T7.5 + 12.9)
Capacity .
' Filtration Fraction 0. 205 (Yormel 'o‘,19I +0.02)
~ Blood Chamintry; 1/6/4T .
FFN 30 mg. per cent ’ Globulin 2‘,3“&19 pex éent
Total Serum Proteln 6.5 en. pei‘ cent  Chloride 98 meq./1
Albumin 4.2 gn. per cent co, 64 vols. ‘per cent
Uré,nium (as 46 metal) in the amount of 3910 micrograne was injected
intravenousely at 10:25 A. M. on January 10, 1947. Ae in the case of
Subjects 4 and 5, the enriched mixtuz;e of the isotopes 0231‘9 0235, was
diluted by addition of -uranyln acetate/of natural isotopic composition.
The total activity of the dose was computed as 0.03 mic;ocuries. and the
metal injected per kilogram of body weight was 70.9 micrograms. The -
uranium analyses for the uriﬁe ars given in table 18 by the methz;d o~r
electioplating and alpha counting.
| The catalase and protein tests for tubular damage emnumerated in
table 19 for the first time are slightly highor on the fifth and sixth days
atﬁer the .'mjectiono_ Vhile 1t cannot be stated ttat elther test is wne |
equivocally positive, it would sean advisable that any further :I'JAcraaaa in

ths dose dlonid be nade in small Increments. There was no change in the

" ratio Nmino N/Creatinine N in the urine (table 20).
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SURMCT ). 6 ui
TABLF. 19
Urinary Catalase and protein
) Catalasa .
Date (mm. of H,0) mg. Albumin/5 ml. urine
1/u/u7 10:30 am 5.5 0
1/6/47 10:30 am 8 0
1/7/u7 10:30 am 10.5 0
1/8/47 2:00 pm 7.5 Y
1/9/u7 10:30 am_ 16 0
e 1/10/47  9:40 am 9.5 0
Uranium administered 10 am .1/10/1;7
1/11/47 10:30 am ‘ ! é o
1/12/u7 9:30 am 8.5 0
1/13/47 10:30 am 11 0
1/W/47 10:30 am 10.5 0
1/15/47 9:45 am 12,5 trace (less than 5 mg.)
1/26/47 8:00 am 12,5 trace (less than 5 mg.)
1/17/47 10:30 am 1 0
1/18/17 10:30 am'_ 8 0
1/19/u7 10:30 am 11 .0
1/22/47 10:30 am 12 0

e

{

1000478
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SUBJECT NO. 6.

TABLE 20

Ratio of urinary amino acid nitrogen to urinary creatinine.

(Analyzed by H. Berke and M. Crossmon)

Date fmifo Acid N. Urinary pH.
Creatinine "

/LT - 1)5/47 T 6.02
1/5/47 - 1/6/17 .15 | | 5.75
1/6/k7 - 1/7/47 .15 ' 5,61
1/7/L7 - 1/8/47 A3 . 5.34
1/8/47 - 149/u47 .13 | 5.22
1/9/u7 - 1/10/47 ‘ 213 . 5,52
Uranium administereci 10:00 am 1/10/47

1/10/47 - 1/11/47 0L g 5,67
1/11/47 - 1/12/47 14 P 5.,
1/12/67 - 1/13/u7 A . o 5.34
1/13/47 - 1/14/17 A5 5.31
1/14/57 - 1/15/47 ST 5.35
1/15/47 - 1/16/17 STA . 5.87
116/467 - 117/87 .12 | 554
1/27/67 - 1/18/47 15 5.36
1/18/47 - 1/19/47 217 5,32 -
1/19/47 = 1/20/47 28 . 528
1/20/47 - 1/21/147 - 16 5041
1/21/47 - 1/22/47 A2 . 5.4

ol TTT

1600419 ' ;
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anz) cloaran= sants wers royented alx days filtser the ipjoctlon

at a time whon, according to.tho an irnl. ‘wor-}':, injury would be apt %o

rmanifast (%), Fo eigfniﬁc:ant difference from the control values is evident-

Date of Teste, January 16, 1947

Renal Plasms Floy : © hg9 mi. /min.

Glomorular Filtratlon Rats 93 ml./min.
© Maximum Tobuvlar Excretory Capacliy

for pere aminohippuric acid 83 mg. /min.

Mltration fraction 0.185

Experinent 2 -~ Condltlon Aeidotic

About 90 per cent of the first dose of uranium had been excreted
"t An the urine by Jenvary 22na., ~Acidification was begun by giving 8 gm.
of anmonium cilloride daily for threq days a,nd the dose was increased to
12 gn. a day on the fourih and fif%n d.ays:n The sscond dose of uranimm was
" glven inﬁmven’ouzly on January 27, 19_—’48., It was comewhnt smaller than the
first dose, 3170 micrograms of Ug metal, or 56.6 microgmﬁn per kilogram
bedy weight. At the same tlme the’dpso of ammonium chloride was reduced
%o 4 gn. a day and discontinved after January 3lst. Tho effect of
NHH_CI on the blo;;d‘ chanistry wves as follows:

Blood Chemistry: ,
: Jan. 27 Jan. 28 Jen 31 Feb. L

00, content of Serum Vols por cent 32 36 4g 70
' "hloride in Serwm, meq./lider 116 1172 io8 10%
Yon protein nitrogen, mg. por cent 60 50 n

"It i evident that since the control values for co? content of
serum were above 60 Tols. per cémt. a considarable acidosis was achieved

' Y7 tho aclr‘ninistraAtion of the ammonivm chloride.

/

. . J * . | . ,w&
1000480
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Tabls 2L gives data on the rote and cumlative excretion of ! .
urapiunm during acidosls, The slower excretlon is appreciated best by
réfarring to Figure 1. The twéﬁty=four hour urinery exéretion of nrdninm |
bhad f2llen to a very low level fifteen days after t-hg: second injection end

. . annlyeses wore dicscontinued. Tho enount retzined in tile Yody at this time

» nay be estimated rougliy as:
Total araniun (v,) administered 7080 micrograms
(Sun of the Qwa dossa) ' ‘
Lesg total uranium eliminated in urine 5913 micrograms
Possible retention in dody 1167 micrograms

" The final tests of kidney functlon were done on January 31, 1947

during the period of acidosis.

- ~ Rensl vplasma flow : 555 ml. /min.
; Glomerulss Filtretion R 102 ml./min.
. Maximum tubvlar excre'cory capar;.ty for
para aminohippuric acid ‘ 92 mg. /mih,
Filtretion Fraction I 0. 184 L

The apparent retention of UGI by this man offersd the opportunity
to test the effect of measures almed at mobilization of the ursnium presum-
able retained in-the bones. To this end the dietary calcium was reduced
te 0.2 @gn. a dpy vwhich 18 loss thaa the aino\_mt reqaired for egquilihrium
(15) and gradually increasing doses of dibydrot ehietersl (AT 10)
WOrE einulwneoualy‘ a’ainistersd.
o it vz hoped that this pragvam would have o modsz';te decal icfying
effect end nerhaps liberazte n'omx’o;aniwn from 1ts combination with the
plbsphate gxoﬁpn of bone. We havs assenbled the data on serua Ce + P

and wiinary Ca and P for this experim:nt in table 22. The naximum dose

- 100048 TEEL T
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Dedly indake:

Caleium 235 a7,
Phosphorus 1127 ug
: ' . Uranium in o
Blood - N Url‘l_‘na Am To 1-0 ]7&113’ u;‘lﬂ@ t
. Ca P Ca P : ; i -
Pny rg$ med ng. 2U hre. mg. 2L hya L3¢ mlcrogroms iu 2 urw.
1 U9 1008 . THone ®
2 3 812 " : '
? 33 0% »
} 31 Hh !
52 5!" b ]
2 %27 3.4 22 7 "
T 30 g6e
g 34 125 » ‘ #
9. 26 T30 " 12,5
- 21 157 . .7
38 . 7oh " 8.9 :
30 ., 699 i : 05 -
34 grgt . 2 . 9T : -
"? ?{zg ’ | 5:; . 1;;,2‘ ‘
3 : 30 ¢n . -
L5 ez - 2 ml ‘ : 29 ‘
39 22 2 mt : 8.2
.35 . 720 2 ml 5o &
: W 743 ' 2 ml
9.5 3.5 36 T02 - Y 9,2
43 - T5¢ 4 om 9.1
37 87 I omy 5.9
33 79T ° % m. 8.1
9.3 Lo - 17 - 529 o 6m 9.9
29 n 6l £.2
26 782 £ ml 2.0
2. 750 6 mi 11.3
1000 306 4-)'} ° I26 6 lnl B 5.2
Ly 721 6mt 1,0
4l 753 o ml ) 1. -
. 54 858 6 ml 3,194
87 L %] §32 6 mL 10.6 -
' 57 g5 6 * Toh St
L84 8L 6 ml 0. 0
9.9 3.5 76 ghl R N T 0.0
2 & £ 22
- bt o C.
85 710 6 m 5,
o ] ah fr EL }"1
. 97 30 b 10,6
| 30‘1 632 O . 0.0 .
G FETR Ly 3 i
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of A.T. 10 was 7.5 mg. a day continued for elghtoen daye. .'.'Iit;ilc this
about tripled the excreticn of calcium in the uring, it did not affect

urinary phosi)horus end there was no ‘increase in the excretion of uranium. -

VI. Mechanism of Excretion of Hexavalent Uranium

Dounce (13) has shown that uranyl ilons complex readily with
carbonate ‘or ’bicarbénate, organle acids as ciﬁmte; malete and acetate,
with protein end with ohosphate. In blood where there is a large excess
of bicarbonate, abtout 60 per cent of U6 ‘18 thouvght to form a fl¥m complex
of the type UO, (003)2,, Evidently fx:om the studles we huve been ablle %0
carry out, man behaves as does the radblé and other anima';a with regard
to excretion of uraniwn. A cchenma giving thz probable mechanlsm of
excretion of U6 by the kidﬁey. is given in Figure 2 (modificd from Dounce -
(14)). ‘I‘k;e aiffuseble vlcarvonate conplex 18 Filtersd at the glomezulus.
Measurep vh ich cauvse zeidificatlon oi;_’che urine decrezse the concentration
of bicarbonate in 1t and hence 1ia abglli‘.by' to complex uraniwm. YMplExX-
ing of the metal with the cell pr;)tain of' the rennl tubﬁles lis thus favored.. .
This mechanism 15 well 1llustrated in the animal studies of Wills (11).

In Subject 6 1t secns vroctatle that the productlon ef a higily acid urine '
through the administrailor of amnoniuvm chloride 1o responsible for slowlng
the excretion of U6. The lowered content of bitarbonate in the urine

permitted uranium to complex with esll protein where 1t wae held -temmorarily.

Its removal from the cell was eccomlished clowiy through the vrésencs of

traces of strongly complexing amions such ns citzais, walato and bicarbonsate

. which when present even in ‘;rery small guantitios ouecossfully conipété with

orotein for ureniuwm (15). IF cufficelently danezed, these celle nay Vs shed
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intd the urine or st loast become more pemeab‘}.e and leak catalase int}o

1%, - The early proteinuria of uranium poisoning no doubt has a similer
etiology. | '

The small and in our experiments inconseguentilsl am?unts of -
uran iud (U6) found in the feces.are also in agreement with the animel work.
Pogeibly a very minute fraction of the Injected doce is excreted in the d
bile and tz:aceg\ probably appear in othez; intgc;.tinal socretions. The |

- presence of dletary phosphorus and the reactinn of the intestinal contents

vould favor fixatlon of any uraniunm enter.ing the gut as a phoapha.te
complex (16) or as a precipitate of uraﬁf;l phosphate.

The retention of 19 to 20 per .cen't of the amount administered may
be later significantly redeced by continuved elow exeretlon. From the
work of Neumen and collaborators (2) uranyl ions sppear 4o bo fixed %o
bone by & ¢lightly dissocinted 1mlca'ge with two »hosphnta groups edjeuont’
to each other in the bone surféce"’o The Ug kold in the skeleoton without
doubt represents that fractlon of the total dose which is not elimi.pe.ted

within ‘the first few days.

Vii. Summary

Tracer studies employing uranium_en_richcd in the isotopes
023’*, U235 pave vean carried.o.ut ian six human subjects; four males and
two females. The uranium was given intravensugly 4n the hexavelent state
as uranyl nitrate in amounis rangiag foom 6 micrograms 3o 7O mic.z’ogrzuns
per kilogram of body wolght. -,

¥ach dndividual of ths sai:iéé"récai"md‘a singlas Injection of the

metal except for SubJeet 6 who was ©lven two yldely spaced dossc. The
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fix 3% of theos wn s Fiooiw ISR ) ‘éigq,ﬁ« fwf _«-.-':qxn:f.ﬁm;\.i? o

seldsala bod beon nyedresd v dngoct oo of ganniow e eoride.  RBesel funciion

tesde inclvding nrinery entzxlsoe, i}:—:-:a botn, raioo N %o Cianitindas ¥ madio,

end cloarances of mannitol and p - enlvohip p‘.,u“tn wory dca0 bofore and after

adminictratinm of vranimm. Unly a% *hhx: 70 mizcegan o2 Kilogram lsvel

in Subject & was i-ave o Pl irhs rise in urinniy cotelus? and protein

mg{-;ést.ion that tolorense Imd h2en roached. ALl other tséts were nsgatlive.
The sexcretisn of nranlun wvas nainly in the urine, vhere from

70 to 85 por em3 of tho adminlstered doce oppoared In the first twenty-

we hours. Urdna of she gscond trenty-four !wuxs sontained sbout

4 par cent, and the third dreniy=-four houxe wirine, 1.% per cont of the

" administored dose. Netoctable amow?e worn enuresed Jor at least two
voalzs. It is sagmlsed theb this 1at~e ezcration represented uranlum
: ¢ ' .
originally shored in the bonss. He y;.i!g’ab]e ennvnte of ursnium were found
in the fecesa | "

The productlon of an acldosis with ammerlun chioride (Sub.)ect 6)
docreased the mate of exercilan. A?;t:mpts at pohilization of the fractlon
rotelnad by Injoctlon of clitrete and by the use of a low celelun diet plus
dihrdzo toélvsteml vere Anoffectiva.
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