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Ab8 trac t 

Tracer rtudiea smploybg uranium enriched I n  the isotope8 U 234, 

l?35 bsre been carrled.out In six humaa mibJectr< four males and hrr, 

fsmalee. The uranium given F.ntravsMurly In the hexaonlant s t a t 0  

am trena nitrate in amounts ranging f r o m  6 micrograms to 70 rnicrognrmr 

per ki lo& o f  body veight. 

Each ipdlvidual of the series received a single fnjsctioh o f  the 

n e b 1  except for Subject 6 wbo YBB giv&'two vldely apacal Qser. 

f irrt  of theee va8 whan his condition vas n o m d  and the .&nd aftor an 

The 

acidosis bad beem produced by ingestion of amplonlum chlarido. 

hrnction tbeta  including urinary cate lase,  protein, arniaa B to Creatinine 

E r s t l o ,  and C l e ~ i r € ~ n C 8 6  of nxumitol and p - amlnohlppurate were doae 

Brmllt 

before and a?* tuhinlstrstion of ursniurn. 

per kifogrem lard in SubJect 6 v a a  there a slight rire ia urinary 

only at  the 70 micmgran 
f. 

catalsre and protein 6 u g p a t I d G  that tolerance had bean mchod. 

other tests  were negative. + . 

A l l  
:, .' 

.p. 

Ths excretion o f  uranium war p~sinly in the urlne, where from 

70 to S5 per cent of the adminietered dose appvared in the f i r a t  twenty- 

four burs. Grins of the second twenty-four  mur re contained abut 4 
. per cent, and the third twenty-four hour urine, 1.5 per cent of the 

ehhiatered doae. lhtecfable amount8 were dorated for at l o a r t h  weokr. 

f t  18 surmired t h t  this late  excretion raprerented uranium originall? 

@tored in the banes. Negligible amounts o f  unrnirmn vere found in the feaes. 

DOEIHQ 



d.cr.eaai the rate of axorailon. Attrnptr at mobilization o f  the 

inrotion rehkred by fn3eotlon of olthate and by the ume o f  8 low 

Oaolun diet plue dlhybrotochyrteml wro Iadfeutive. 

. 

J 



11. STUDIES Om RTXfdl SUBJECTS 

I, Intmdtlctlan 

The taricologkal work on uranium bar aanceived of the mew 

mainly am a chunical hazard, aad i t  l e  along theme liner tbat the preamt 

oxperbents bare bean directed,. While uranium compounds a r e  hl#hly polron- 

OW when thoy win au::ear to the circulation, there is l i t t le  reawn to 

fear tbat serious toxic exposures will occur durlng the ordinary oowoo 
. 

of lndwtrial ac.tlrftlae. Uranium malta are ateorbed poorly vhm 

durt can be contmlled radlly. 

m r t i t u t e  a mllological h r a r d  partlcnlaru for luag and bono. 

Ebraralent oraaium forma complexee vl th  blaarbonate, o i t r a k ,  

pbouphate, and'protein, end vhaa given In midl amountr, l r  filtered mpib 

17 thmugh the glomeruli combined v i th  bicarbonate. A frsction o f  the *tal 

6098, f m  10 to 20 per cent, becomer fixed to the pborpbste mupr of 

bane (1)  (2). f r o m  vhlch i t  i r  releaad gnadoally. Becaure of  tho 

of  i t  01 l~hat fon ,  the ohief toxicity o f  oranim for the kidnO;lr, W h M r O  

i t  pmduces a emere tubular nephritic (3). 

I t  be8 bean found recently tht  rabbits and Qge often rhow ?Wp.C. . - * .O 

in increared urinary c a t a h r e  anU protein ta InJectIons of uranyl acetate 

given iatra~anously at a lard of 0.01 rng; per Xg. of  body vefght (0.006 mg. 

of uranium netal) (41, Thir Qae is well belov the lsrel tht  vi11 prod- 



. 

parltian in the more reaistant group of mauxmlh 

11. Avpaae of Exporimant and Wotbbda 

The imestlgatlon v a s  undertaken vith t b a e  obJectire8 l.n mirtd,  

A. To f i n d  that dose of ~ l u b l e  ursnlm -1t whlah ,  vbn  - 
htmduoed lntravenoualr ar a mingle dome, mtild pmduce Jwt beteetabis 

B. TO mwiuure tb rate at  which mluble rrranlum C O W O d 8  l y e  - 



eliminated from the hnma.l body once they have emtered the circulation. 

Both urine and fecal specimens vere obtained f r o m  the sxperinsntal mbJWtG 

Urine wa8 collected fn individual roidhqy on the day o f  the iajecfw 

therdter  fn paole of twen~-fm? ?.mars. l2ui eKcretion ua8 dotumlnd tV 

the method o f  dsc t ropla t ing  and alpha counting 8 8  given In Part f of t h i o  

report. I t  was umn found thst ths amount of uranium appear- in hmmnn 

feoor a f t e r  intravenous admlnietration of  m l t r  of Us warn ~sgligi’bl~ and 

the feu: amlyaes I :ra discontinued. 

- C. To o b r e n e  the effect of neasures aimed at  fncreaeing or 

deer-ring the r a t e  of excretion of uranlua. 

’ham axperimemtr of thlr nature vere performed N o b i l i s a t a  

o f  the d l  fraction o f  the dose vhlch ma apparently r e b i n d  var not 

aifected by the lntraranous administratLon of o i t r a t e ,  nor by placlxg one 

of  the mb3ects on u lov calcium die t  together with large d o m a  of A.T. 10. 

A.aduetlon of tm acldosis wi th  ammanium chloride, on the other bsnct, O l S a r l Y  

delayed the excretion of uranium ia the m e .  The detalls of these m r t  

? 

ments appear in Section P. 

311. Selection of Subjeatr an4 Size of Dose 

The sxperinental aubJects vere chomn from a large gmtrp of  borpihl  

patientr. 

good kidney M c t i o n  wi th  urine free from protein and w i t h  a normal 8dbent 

Criteria o f  inportancat in rpakiag the selection vere rsaeoxu~%l~ 

on c l in ica l  examination. 

oonttnud boq i .Wiza t ion  and m e d i c d l  care vag a l s o  a factor In the & I c c  

, when h k b r  levels of do- were contemplated, f n d l r i d t d a  from the older 

The pmba’bility that the patient would benefit f J : m  

age grorrpr were preferred in T ~ H  of the ramote poseibi l i ty  that l a t o  



r a d i a t i o n  e f f e o t s  might ocour,  and t h e  enr iched  i so top io  mixture m a  d i l u t e d  

, '  
I 

w i t h  ord inary  uranium. 

The i n i t i a l  d o s e  ma set st a p p r o x h t a l y  6 microgram8 of t h e  m s h l  

per k i l o  of body weip$t a n d  was ohoaen beoause t h i s  5s tbs amount whioh 

rill oooarionrlly produoe j u s t  de t eo tab le  kunporary rem1 damage in fhe 

'rmbbit, a s u r c e p t l b l e  a n a l  (4 )0  

dobage provided that no s i g n a  of injury t o  the kidney were deteotodn 

Until It was ea teb l i ahed  that  t h e  rate of, and total exoretion were of the 

The plan o a l l e d  for a siorrly inareasing 

same order  as t h a t  for experimsntril a n i m l s ,  no s u b j e c t  reoeived more t h n  . 

a single dose. 

t h e  enriohed mixture of i so topes  of I?=, U235 was d i l u t e d  14 uring 

-1 acetate of t h e  ordinary i s o t o p i c  composition, 

that this would decrease the r a d i o a o t i v i t y  t o  a point  whore any late r a d i a t i o n  

When t h e  amount given approeohed 50 miorograms per k i l o ,  

It was es t i rmted  

effeats would be highly  improbable. 

Subjeot  6 received the largest amount of uranim, s b o u t  71  microgram 

per kilo and uas given a second i c j e c t i o n  after at id i f icaf ion u i t h  ammonium 

ah lo r ide .  No rem1 t o x i c  a o t i o n  was noted, 

Iv, mture of m t e r i e . 1  ar,d Teohnique of Admini6trPtiOn 

PPrt ions of th sample of uranium oxide (U 0 ) enriohed in and 3 8  
fp235 wid  desor ibed  i n  htt I of this r e p o r t  were mighed o u t  and ured i n  

the p r e p r a t i o n  of  s o l c t i o n s  of uranyl n i t r a t e  for in t ravenous  inJeot ion;  

When t h e  subjeot  h a d  been 8 e h C t e d  and the sice of  the 'doee agreed upon, 

enough of the uiunyl  n i t ra te  solution to c o n t a i n  several t h e 8  ths quan t i ty  

of metal r equ i r ed  wus d i l u t e d  w i t h  a 1015 p r  oen t  s o l u t i o n  of sodium 

aoetats, ths pH of which had been a d j u s t e d  to 4,s by a d d i t i o n  of a l i t t l e  

I O b b U 2 8  



acetic acid. 

be Wected would be pn:sent Fn 5 t o  8 d. 

Sterility abobt 20 ml. of the  buffemd uNLakIlp s a l t  -8 tranrrformd 

8SOpti-7 t o  a steri le  mbbr capped vial, 

The diluti.cn mas a x s n p d  s o  that the quantity of Unurium to 

After autoclavhg t0 b s u n  

I 
Trial -ab I U ~  run QLL 

I 

I 

the m i n i n g  a d u t l o n  by ths a e t h o d  of plating and alpha count- t0 m m  

as a cbck on the accuracy af the initial "sighing and cUlution. 
t 

1l the 

aumnt of uraninm prssent a8 calculated fran these b o  procedursa m a  found 

to be in agrement,  the &rile  aolutlon was ccmaiciered lbady for u88. 

syrhge was W e d  t o  an nssiatant a d  held 80 t.hat none of the cmt8nts 

n d d  escape, 

with plqwiologicd ~ a U n e  ~'9s used t o  carmulate the median basillc rein 

ab the  patient and'enaigh s a m e  injected to i n s u n  that w m  of the U@d 

mrs bsking h t o  tho a q u e n t  tissues. 

syringe c & W &  the solution of ureniuai was attached. 

blood we- dram into t h  barwl to indicate the continued patSncy of fib 

needla and the indectlon was -de p m q ~ t l y .  

by withdrawing the plungsr a h l y  until blood mached the &k af thr 

e 

A nunlber 20 needle attached to another springe partly filled 

'he needle was ldt h p h 0 0  and the 

A feu drop8 of 

The 8yr- ma rirmd on# 

. 
a 

P-V~OU fUA.ng, and tho blood 

Pmperation af Dunmy % h t l b M  

~ ~ b J e c t e d  into the V O h .  

, 

and the  so lu t ion  ejected through it into a 200 ml. volumetrio f l a s k .  Water 

http://diluti.cn


FIGURE 1 

, 

I 
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A. - Condition Nom1 

B. - Condition Acidotic fron Ingestion 
of Ilmr?oniuT Chloride DOEIHQ 
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. .  . .  

A t  the time of (I* hie dlrsere vaa quleacent. 

probin nor m.st8 and the aatalase actirity vas  low. 

The urfne contained net- 

Control analyoor o f  

uriae sad feoea did not dlrclore the preounco of tusnium. On 8/9/46 b 

found to be wltbaat detectable d p h  actlvitp. The pertinent dbid 

Hospitalization was required because of aoutb alcoha1lam, 

t O b b 4 3  I 



SIJBJECT NO. 1 

T A B U  2 

Blood Counts 8/2/L6 

Hb. 13.8 

Y.B.C. 6,800 

Differential Count 

Neut. 66 

. s. L. 6 

percent 

. .  L. Lo 13 

u. 9 

E. 1 

64 

15 

5 

ll 

2 

hz 5 3 

Blood Chemistry 

lcterua Index 
sugar 
N. P. rj . 
Total Protein 
Alb/Glob . 
Inorganic P. 
Alk. Phosphatase 
Carbon Dioxide 
Chloride 

5 
\66 
31 
7.2 . 
4.312.9 
14.3 
2.3 
70 
- . - -  

5 
62 
31 

' 7.2 
k .4/2.8 
4.5 
2.5 

63 
94 

These t e s t s  likewise indicate - 

I , .  ,* l A  -- 2 I O b b 4 3 2  a 
! a negative effect at the pt'esent level of dosage. 
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balluohtory rtate, cirrhosis of the liver with cowestlve 8plezumt.:dy 

4 a ampatby probably duo to deficiency of the vitamlxa B cornpler. 

At the t h e  of t h i e  at ad^ the more acute ryprptomr h;id subsided and v u e  

rt lal l  a bed pstient, she v a a  able to glve adequato cooperation in the 

oaUectioa of  sprcinetrs. 

of the gpriohed Isotopic rnixturs of U23'. Ue5 sinflar fa conporition to 

h 9/1g/46 s h ~  war given an ixtravemw injeotion 

tbat reaehd tw SubJect 1. 

476.7 aicnagrsmr of the metal and waa contained 

a amount glren per kilogram wae m a  6.5 rnicrogaxm. 

urlne were begun imDedlataly but :he feces were not SLY& 

Uboratory d a t s  and t h o  rcsulte of andyeee of the u r h e  for uranima may 

ba found in tab les  5 and 6. Table 7 gives tho ratios obasned for mipo 

aibm to arsstinine nitmgan in the prin~ bSfOZ.0 and aftcr the unmitrp 

wmtloa. 

In t h i a  inatance tho eosa-was equimlant to 

3 d. of the-buiier. 

b l1ect ioc6  of 

Clinical 

It l a  evident thnt theee did  not charl~a. 

Aa in the firat p t l o n t ,  the amretion of U6 In urine wao tow 

rrpfd during tho f i r s t  twenty-four burs end accountcfl for €% par c a t  o f  

the mount &en. 

tb4 urd of a t  d4r. A g a i n  -re was p3 laa,.urare in urb.xy catalaae or 

pmtoia or other indica~ibn of rem1 ir~pry. 

The tow amration by this route m e  87 per cent at  

I O b b 4 3 5  



Blood Counts 

q/28 and 

. R.B.C, 4*w m i l l i o n  4.32 
4059 

i'loB0C. 10,OjC 

Mfferent id  

Bso 0 3 per cant 1 

Eos a 3 

sei P 52 68 

L T ? h h  P 19 29 

Loiios. 9 2 

A b n o r d  i, 2 

- Dab PLZ 9/10 9/20 10/5 
Ictorus Index 40 20 8 

i 

Direc t  9- I 1.u 0059 

Total I -- 2 -8? 1 007 

Cephalin 'F loccula t ion  
3+ 

"hpml Turbidity -- 

I O b b l i 3 b  

1 

u, 



SUBJECT NO. 2 

Ti" 5 
(con't) 

I 

Total Protein 6.85 702 

Albumin 3.0 L b  .4 

3.85 

21 % 

2.8 

21 

Orping to d u f i c u l t y  in perfonnhg venup~ricture, only one determi= 
nation of C% I n  serum was made. 
phosphataee w a s  4.6 Bodanskg unite on 10/5b 

This mas 46 Pols. % on 9/26. Alkaline 

Renal fmct ion  t e s t s  performed under the diroction of Dr. I4aterhouse 
ml.e as fol lows: 

9/11 9/26 &?&!z 
B e d  Blood Flow k62.8 d/&n 4@2 594 f 102 

G l a m e r u l a r  F i l t ra t ion  114.7 d./& l l 8  U7k 16 

Y 8 ; l d m ~ ~ T ~ b u l ~  EX- 
cretory Capacity 69.6 n&m~in 79 77.5 * 13 

I O b b 4 3 1  
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4 Date 

9/lO-U 

9/11-12 

9/12-13 

9 h 3 - 4  

9/U-15 

9/15-16 

9/16-17 

9/17-18 

91M-19 

9/19-20 

9/2e21 

9/21-22 

9 1 z - 2 3  

9/23-24 

9/24-25 

9 / 2 5 2 6  

9/26-27 

9/27-28 

9/28-29 

9/29-30 

* SUWECT NO. 2 

TABU 7 

Ratio of Urinary A d n o  Acid Nitrogen t o  Urinary C m a t m e  

(Analyzed by H. Berke and U. Crossnon) 

Amino Acid N Anino Acid N 
Creatinine Creatinine 

All day specinen 
except for 6 am 

.64 

.64 

063 

96 

- 
51 

65 

52 

Date 

9/11 

- 

9/12 

9/13 

9 / u  

9/15 

9/16 

9/17 

9/18 

Point of Uranium Administration 

0 51 9/19 

.56 9/20 

.61 9/21 

. L6 9/22 

-52 9/23 

56 9/24 

A 8  9/25 

0 56 

.wc 

.61 

.1+2 

67 

8 am Swcfmen 

e 4 7  

I O b b 4 3 9  DOE/HQ 



b '  



U 
I 
\ 
W 
0 
0 

4 

- 21; .I 

.. .. .. .. .. .. .. .. .. .. .. .. 
4 9  * * ~ a l a a a c n f o a  

\o 

"j 
9 0  

l-i 

Pi . 

0 
v\ 

9 
8 .. 
eg 

Q3 

d 

O b b 4 4 f  
I I 



9/27/+!+6 

Red Blood Cells 

Hemoglobin 

ifhite Blood Cells 

Differential Court,: 

Ne ut ronhi le  s 

Lyrc?hocytes 

Konocyt,es 

E os i n onhile  9 

Basophiles 

Degenerate f or:s 

Blood counts 

8.750 cu. m.. 

702 

202 

3% 

3% 

2% 

2% Stab c e l l s  
- 
l03Z 

10/10/46 

5-13 

Not Done 

5,500 

68% 

18% 

log 

2% 

1% 

1% 

. l W  

- 

9 

I 



= L U  - 

?kmxn Chloride 

serum cc2 

Blood Sugar 

. Non-Proteh Nitrogen 

Inorganic Phosphorus 

Alkaline Phosphotase 

Total %nun Protein 

dbumin 

Clobulln 

Total Bi l i rub in  

s w c r  NO. 3 

TRBLE 9 (can't) 
Blood Chemistry 

9/28/46 1O/U /& 6 

99 m. eq/liter 101 

54 vola. percent 51 

62 mg/prcent 72 

32 26 &percent 

5.8 gm percent 505 

h c l  gin percent 3.6 

0.56 &percent 

Renal Function 

(Dr, iiaterhocse) 

9/23/46 
Glomecular f i l t r a t i o n  rate - 118 &/din. 
Renal Plasm Floiv - 
Maximum tabular 

(para m h o  hippuric ac id )  

593 nl/min. 

Excretory Capacity -- 81 mg/min. Not done 

t O b b 4 4 3  I - .  ' ' - 1  3 , 



Ratio of u r i n s r y  anin0 acid nitroRen to urinary creatinine 

(Analyzed by H, Berke and U. Crossmon) 

A l l  Day Specimens 
4 

m 

9/23-9121, 

9/24-9/25 

31 

27 

9/25-9/26 .21 . 

Point of uranium 
administration 

10/1- 1 0/2 

10/2-10/3 

10/3-10/4 

lO/4-1G/5 

-24 

24 

.21 

.22 

10/7-10/8 2 8  

1O/Y -10/10 .a 

DOEIHQ I 
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h t e  

101 14/46 

10/16/46 

10/1 s/ 46 

10/30/46 

Per cent of N o d  

61 . 

43 

P 

60 

53 

to cantimranee of tha exporimant, for tbe urkre war normil to clinical 

.nmiaation and bad a low catals0s activity* 

-8 @vsa on October 23, lg& 

lmotoplc nkttuo and o f  the n a t d  mixture of lrotopes were iglrero 

total dore of Oranim metal vas 1918 mlcmgranr or 2Yeg miamgrams per 

Tha haJection of  +6 

In thle -88 equal part8 of the 0nrich.d 

Th, 

02 usanlum mold be detected in the focer. 

of arrmlm in the urine. I t  l a  to be note4 

axcretlorr wau much tho mne as in Subjoot 2. 
did not inorerrre in the port InJectloa period. 

A t  the end o f  G 4 ~ e  -8 the exoretion in the urine per tumt+four 

bo- period war of the order of 1 microgram tuxl there ua0 an apparent 

retention of 535 mlcrognrmo premmbly ih the boneso fn r l w  of the faot 

theit hnaralant uranium con?lexes readily w i t h  cltrate (131, i t  wao decided 

I O b b 4 4 5  DOEIHQ 



t6 dotermine the effect o f  L v G  citrate on mobi l ize t ion  of the r e a l d d  

&letal&! 

On November I+, 29% a e  pntiant uas g~ven 2OoO nl of a rolutia 

aontalning 4.6 gn. sodium citrota and 1.1 gn. citric 8Uid per litu . 

s 

. .. 

Unfortunately thir solution m e  w byrotanic that although gtra a lwl~  W 

btnrrsnaue drlp over a t h e e  hour period, the next two void- of ur- - 
aaaklnsd hei~oglobin and his temperature  BO to 39.5. C. Am nrap bo nokd . " 

fmo inspection of table  11, t h l o  manwer did not :.,ffect the axoretian of 

pnsnfvn. 

One &3mple of blooC waa dFawn eight mlnutee after cornplstlag fb 

%nJeatlon an4 w e  found to contain 0.043 ralcrogramr of uxualura p U  a. 
If the 'blood mlmc of t h l e  m811 be emtimated at 5000 ml, thm 11 per o a t  

of the Qse WEB stfl l  vithkr the macular ayrtan. 

2he c i c a t c  arcretion in th4 urine YBI maallured on Go oaatrol 

* 3  range of do- had nov t e a  re8aheQ vheto mad foxlo eff-tr 

on tha kldnep were b be anticipated (14). There vtir no aridem6 of mcrh 

-. 
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10/7/46 (Student)  

Red Blood Cells * 

Hgb 0 

Hematocrit 

&an Corpuscular Vol- 

b a n  Corpuscular HES, 

Mean Corpuscular H,+. Conc. 

Re t iculocytcs  

10/16/46 (Dr. Lwrcnce s Technician) 

Red Blood Cells  2,670,000 p r  cu: m, 
2, m, 000 

H X Q S  10,350 

D i f f e r e n t i a l  Count 

Neutrophile3 ('scGnent.od j 

Stab Cells 

Lymphocyte 8 

Abnormal b ? h s  

Uononuclears 

Eosiophiles 

Hemtocrjt  29% R.B.C, 

6 
2 2  x 10 per cu nnn. 

II gm/lOO ml wholo blood 

27% R . i 3 . C e ( s .  

323 c p  

30 w 
4 l% probably too high , 

7% 

55% 

L% 

15% 

5% 

log 

8% 

3% 

9 

3. 
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Table 13 
(con't) 

, 

. 

I 

BLOOD C W S T R Y  

Non=Protein Nitrogen 42 d s  38 42 

Serum Albumin 2.8 gn/% 309 304 

Globulin 1,6 gm/% 1.6 1*7 

Total Protein 4.4 lp/% 5 0 5  5 *1 

CholeoterU 

serum co 
2 

Serum Chloride 540 4% 
53 

6U 

Fibrinogen 
I 

Alkal ine Phosphatase 

CalCiUm 

Phosphorus 

Icterus Index 

Total Billrubin 

' l h p o l  Turbidity 

cephalin Floc. 

I O b b 4 S  t 
i I 
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Subjact Ro. 2 - I",-..lc nscro ,  Mad 51 ymrs, n t ,  16a cm., !.It. 56.2 Kg., 
8. P. 120/50, T. 3 6 . 6 0 ~  

Chrorilc coNh  h a i  bccn presont for r?bsat one and a half years and 

there vas a history of rather high conwarption 9€ ~ Q C T  and ale. 

vseks prior to hie hospltaliqatlon on October 30, 1946, hir'wtyh beeam. 

Three 

Bis illness rm a e tomy ~ 0 ~ 6 4 3 ,  but gradually reponded to 8Ombined thsram 
w i t h  psaiclllin and wlfzdiaz ine .  These medications were dlroonti.rmsb otl 

. . .  

r 

J 

! 

I '  . DOEIHQ 



c f 5 - 

I 

V h l l e  I t  i s  euupected that this was a chance observation and vltbout 

significance a6 far a0 the ursnium waa conoemed, i t  i s  unfortunate *.at 

the patient could not h i e  been followed longer. He war feeling muah 

lmprored a t  the tine and insisted on be- dirc:?1*mb from the bospltalo 

u r i a e  may be found in tables 16 and 17. 

Subject 1po' 6 - h l i t e  male, aged 61 ymrs, H t c  163 ane, W t .  55.2 Ke, 
8,  P, 1.50/S4, T. 36.5.~ 

!Ru f i f t h  a b n i ~ a i o ~  of this patiant wae on October 14, 1946- 4 

rsaehed ln the hoqlkl continuously from this date unti l  cam2letlon 02 

tha metabolic b t u d i e s  OA April 1, 1947. His t n s s f e r  t o  tho metabolbmm 

Mit Of thC pU'pOe6 of  t he  8tud les  recorded here y88 effected OLL JrvnrarCy 

3 s  1947. 
Sam of the previous dhgnoses were: arteriosclerosis general, 

hypertonrlon socontiary, hea-rt diecase  aiterioaclen, t ic  and hyper teasire 

Class Ib; a1coh011m chronic; spontanaaua p n m o t h r o a x ;  pneumonb 

right upper l o b ,  pnramotkb opr w e  11; tuberculosis pulmonary. -Tho 

b a t  dlegnoslm was probably based upon Fnsufflcient evidence for after 

l O b b 4 5 3  I '  - 
' J J  DOE/HQ 



Excretion of Urnniwn by Patient No. 5 - 
4 

'1% after U r d u  in Uriniumin p d d o d e  
i n j ec t ion  apecimen, specirren, excreted 

per id. of hr. pria. ib of dose 
~ urine P d0uF - D a t e  - 

12/17/46 3:50 pm 6 10 uck2*.0 52 -50 ,160 

2240.0 75 0 2 2  Total cxcre t ion: 

Excretion during first 22 hours -. 

2187.0 73 2 9  003% . .  and 20 rninutes 
_. 

Excretion dur- three follo:ring days: 53-0 1 e 9 3  000057 



12/16/46 10:30 

12/17/46 9:oo am 

, 

12/20/k6 1O:p am 

12/20 - 
l2/21,24 hr. 
sample 

12/21/46 10:30 am 

I O b b 4 5 5  

S-CT NO. 5 

TABLE 15 

llrinars Catalase and Protein 

Catalase 
Jan. of H ~ 0 1  w.. Albumin/S d ,ur ine  * 

8 0 

2 0 

3 0' 

3 

2 

Uranium F,dminis tered 9 :kO tun 12/17/46 

2 

4 

4.5 

4 

0 

0 

0 

0 

20 

DOEIHQ 
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SUBJECT NO, 5 

TAEIE16 

Laboratory Data: 

Urea Clearance l2/ll/&6 

1. 

2. 

S t a ~ i d a r d  Clearance 798 of nand., 

Standard Clearance 758 of normal. 

U r i n e  Examination: Specif ic  Gravity - 1.015, no albumin casts or sugar. 

mood Count (11/27/46) 
6 Red blood c e l l s  307 x 10 per cu. m. 

:7.B.C.'s 12,500 per CU. me 

Hemoglobin 13 p . / l O O  ml. whole blood 

D i i f e r e n t i a l  Leucocyte count 

Neutrophiles 80, lymphocytes 18, mbnocytes 1 

Basophiles 1 

Blood C h d S t W  

12/12/46 

Non-protein nitrogen 33 me.% 

sugw 

Chloride 

Total .%run Rotein 

Albumin 

Globulin 

Fibrinoee n 

Icterue 

Tota l  Plasma Bilirubin 

Cephalin Flocculation . f \G 
1 . '  ;. Th-vmol T l r b i d i t y  

78 mg.9 

590 mg.g 

19 aQits 

12/21/46 

35 

. 
' I  . 
5 

.- 
1 

d 

- .. 
DOEiHQ 

. .  



SUBJECT NO. 5 

TABLE 17 

, 
, 

I 

k t i o  of Urinary Amino Acid Nitrogen to Ur- 
Creatinine 

I 

(Analyzed by H, Berke and 16. Crosmon) 

a 

12/18/46 - 12/19/46 
12/19/46 - 12/201~,6 
=/20/46 - 12/21/46 

I O b b 4 5 7  

Amino Acid N 
Creatinine 

(all dav suecimen) 

.16 

16 

15 

o 15 

16 

.w 
0 1 2  

.16 

13 

-15 

0 I . l  

16 

0 0 6  

5 A 5  

5 b k l  

5 045 

5 A8 

5.38 

5 039 

c- 
I . -  

; I  

DOEJHQ 



' ,  
Type I1 

grrtrlc 

mdtha 

' \,b 

?.9C k62 plillion/ca mm. 

UBC s.300 

Dlffermtiol Count: 

Neatmphiles 75, Lymphocytes 22, bnOCm8 3 

I .  

, 

Specif la  Gravity 1.024, Albunln 0 ,  Sqpr 0. 

Acetone 0. 

0 

Wlcroscoplc 2 3 ,  YBC per aigh p e r  f&ald 

Stool: 

f O b b 4 5 B  
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. ' .  

Blood Chuniatr7: 1/6/47 
c 

E 5  30 mg. per cant Globulin 2.3 ga.' par ceatt 

TOW SO- b t e i a  6.5 e per amt  c ~ o r i d a  9s mq./f 

dIlut.d by a d d i t i o n  of  -1 acetate of natozal Iwtapl~ cornparitlap. 

Tbs t o t a l  si.:tiriw of the dome u a m  camputed am 0.03 mlcr~mrie~ ,  and the 

metal inJected per kilo- o f  body veight wam 70.9 oaicrogramr. 

umnitlm aaalysee for the urine me given in table 18 by ths method o f  

The 

electroplating and alphe oaunt- 

The cateiese and protein testa for tubular damage enumerated 

table 19 for the f i rr t  time are  mllght l jr  U g b r  on the f l f th  and rirth day0 

DOEIHQ 
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- T A B S  19 

. *  

.. + 
Urinary Catalase and protein 

Catalase 
Date (m. of %O) 

W h 7  10:30 am 5.5 

1/6/lt? 10:30 am 0 

1/7/47 10:30 am 10.5 

1/8/47 2r00 p 7.5 

1/10/47 9140 am 9.5 

1/9/47 1O:N am 16 

Uranium administered 10 am 1/10/47 

l/ll/47 1O:N am 8 

1/12/47 9:30 8.5 

1/13/47 10:30 am 11 '. 

1/U/47 10~30 am 10.5 

1/15/47 9:45 1 2 . 5  

1/16/47 8:oO am 12.5 

1/17/47 10:30 am ll 
* 

1/18/47 lo:% aQ 8 

1/19/47 10:30 am ll 

1/22/47 1o:w am 12 

l O b b 4 b 2  
.'* , 

3 

mg. Albuuin/5ml. urine 

0 

0 

0 

0 

0 

0 

0 

trace (le8s than 5 w.)  

trace (less than 5 mg.) 

0 

0 

0 

0 

c 

.. 
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SUaTECT NO. 6 

4. 
. I  

I' 

Ratio of urinary amino acid  nitrogen t o  urinary cmatinine. 

(Analyzed b;r H. Berke and Uo CroJsmon) 

Data - Urinary pH. 

6.02 

2.75 

5.61 

5.34 

5 0 2 2  

5 052 

5.67 

5.44 

5 3 4  

5.31 

5035 

5 .87 

5.54 

5 0% 

5 0 3 2  

5,28 

5 0 4 l  

5 .a 

f O b b t r b 3  



c 

Experiment 2 - Condition Acldotlc 

A b u t  90 per cent of the flrat dore of uranlxm had bo= axcrated 

of emmanixm cNoride daily for three days and the dore war increased to 

12 @a. a hap. on the f o u r t h  an4 fifth daye. The second b e e  of urani.pn war 

T c 1  on the blood ahmiutry vau a8 follwrt 

Blood Chsmlrtryi 
J-. 27 J ~ P B  ~-31 rob. t 

4 

c 

c 

. 

b the a&inistratlon of the anrmonlum ahlorlde. 

?’, ‘3 
c l O b b 4 b 4  DOEIHQ 



Table P givoe data on the rate and crPnrtatlvs emaretian o f  

4 uraai'pm dura acidos is .  The @laver axeretian Is appreciate8 bert by 

referr- to ? w e  1. The twenty-four hour tvlaary excretion o f  -1- 

* rpay be ertimateb rotigtiy as: . -  

. ') 
I' 

Fi l t r a t ion  Fraction a184 

t U b b 4 b S  DoEIHQ 
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TABLE 22 

. 
0 

1 

U d t m  sa . 
Blood Urine &.I. io mil7 orin. I 

t '  
a 9.1 3.4 
7 a 
9 
10 
11 
12 
13 

1 
R 
(I 

(I 

I 

R 
R 
R 

U 

U 

2nd 
2 m l  
2ml 
2nl 
2ml  
2ml 
2ml 
4ml 
4ml 
4 ml 

12 5 
14-7 
8. 9 
6.5. 
9.7 
13.0 
7.2 
2 9  
642 ' 

5.2 

9.2 
9.1 
5 9  w 9.3 ko 

3iI 3 
32 9.9 3.5' 
3 
37 
3s 
7 -  

4, 
42 

29 
28 

E 
47 
44 

10.6 
7.4 

&1 
9.9 
8.2 
2 0  
11.3 
5.2 
I. 0 

s a  
< 

< .  

l.8 

t; 
. 

0.0 

2.2 
55 
70 1 
10.6 

3. '! 

. 
0.0 DOE /H,Q 



I .  

I '  
of  A.T. 10 v a a  7.5 mg. a oantinued for eighteen daye. While t h i 8  

a b u t  tripled the excretion of  calcium in the urine, i t  did not affoct 

urw pborpborus and there was M lacreare in the excretion of uraaltm. 

D O ~ O  (13) trsr shm tbat pranyl bar COI@IIX r a i l y  w i t h  

aaibonate o r  blearborrste, organic acids as citrate, malate and aaetate,  

w i t h  protein and with phosphate. 

of bioarborsats, abut 60 per cent of  u6 IS thought to fonn a firm oomplar 

of the type U02 (CO ) 

uarry out, man behaves a a  does the rabbit  and other animals with ragatd 

to sruretion of Pranipm. A achama giving the probable nechanlw o f  

axcretioa of u6 by the kidney i s  given in Figure 2 (madlfled iron Dounce * 

(14)). 

IA blood vhere there is a Large excoma 

Erldsafly from the r tudlss  we bare bean able tu 3 2' 

The dlffuaablc bicarbonate conplsx l e  f i l t ered  at the glomerulur. 
1 .  

I Hsanuee *ich =use acidification of the urine decrsase the concentration 

of bicarbonate in I t  and hence its a b i l i t y  b conplex uranium. 

h g  of t h e  metal w i t h  the  cell protein of the renal tubules I s  t h r  favor&. 

I'bf8 mechanirm is well i l lust rated in the aa~mal stuaiea of W L I ~  (11). 

: ~ o m p l ~  

fn SubJect 6 i t  icmi ymbable that the production of a highly acld urlne 

through the adminiatration of m n i m  chloride I s  reqonalb le  f o r  slovlng 

ths UkMtbXX of u6. 
permitted uranium to com?lax with c e l l  protein where i t  wae held teqmrsrily. 

It8 re#noveil from the co l l  wa8 8CCO&bhed 61aVly through the presence of 

tnrces of st rong ly  mrnplaxhg amiona rwh a a  citrate,  malate and bicarbonsta 

w h i c h  w h e n  present men in very rmall quqntlties succerdb l ly  compete with 

pmteb for  uranium (16). 

 he lowered c a n t s a t  of bicarbonate in the urine 

I f  sufficiently damaged, these cel lr  msy be shed 

t U b b 4 4 9  
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- --- 
pernoable and ls$c uatalare lnt0 

The retention o f  15 to M per cent of the amount a&ninistered raEyr 

be later aieplflcantly reduced by continued alow excretion. 

vork of Esuman and collaborators (2) uranyl ions appear to be fixed to 

From the 

to each other in t h a  bone axface'. Ths U6 held in the skeleton witbout 

doubt represents that fraction of the total &re vhlch is not el-ted 

w i t h i n  the f i r s t  feu days. 

f 0 b b 4 1 J  



\. . 

adminlrtarsd dose. Detectable amounts vere excreted for  at. leaat tvo 

vaaks. I t  i s  s u m l e e d  thet th ia  late excretion represented ursniun 

originally etored in the bones. Bsgllglbla amount8 of  uranium vem found 

in the fscea. 

The productioc of  an acidosis with mmnlm chloride (Subject 6) 
decraesod t h e  rate of excre",on. Attempts s t  ~ b i l l z s t i o n  of the fraCtiOrr 

retained by l q loc t ion  02 o l t r a t e  and by the m e  of a lav calcium diet p l w  

4 

. 

. .. . .  
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1. 

a 

3. 

k 

5. 

6. 

7. 

g. 

9. 

1m 

Douace, Alarander L. 
Petsorral CommunicatLon 

Berke, 4 and B o t h s t o h ,  f ~ .  
The ratio of  anino acid nitrogen to creatinine in the urine 
80 a ' o s n s i t i v o  t e a t  for  nranim p0iso1iing. Chapter VI. 

The P h a ~ ~ o l o g y  aad ' P b x i C O l ~ ~  of U X W A I ~  COmUnds. 
R.T?.kS.,  DIT. VI, Book I, Vole XI. 

Smith, If. W., FLakelstein, N. and k i t h  

and their dsriretivee (sortiton, morbidel 
  an dl cacrstion of h e x i t o l a  (sorbitol,  it01 and dulcitol) 

mld of ~ g s a o u s  +tinlala like dog and mah. 
'c. 

J * .  
1"' =+ .. 

J. B l o l .  Chm. , m, 231, 1940 
. ,  

C138d0, E , Redleh, J. , GoldlG, U., Ffnnges, E A. and Smith,?#&' W. 
The uoo or 8 0 G h 1 ~  p-ambhippurate for the functional mluatioa 
of the hvnan kidney. 
J. Clh. Inreat., 24, 3 3 ,  1945 

r '  
A u a t i a ,  J. H . ,  Stillman, E. , anC Van Dyke,  D. D. 

.? J pactum governing the excretion rate 02 urea. I "  
J. B b l .  Chm., 46, 91, 192l 

I O b b 4 1 3  
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\ 10%. 

11. 

120 

13. 

M i l l e ,  J. H w  
Charactaristica of uranium poleoninE;. 

The Pharmacoloeg and Toxicoloa of t‘mim Cawas 
R,fJ,E. S. * Div. VI, Book I ,  Vol. I. 

Chapter V. 

Betnuan, M. F. 
Rwro?hotometric dstemination of ururlun. Chhpter XI. 

The Pkamacologp and Toxicolog of Uranlm Conpounbr. 
mmNoE, S. , D i r e  VI, Book I ,  V o l e  I. 

DouI1ca, B l m d e r  L. and F l a g g ,  J o b  F. 
The chemistry of uranium coupou~Zs. Chnpter I. 
The &miaco’logp and ‘poxlcoloey of  Uranlm Compaunde. 
1p. N o  I S. , Dir. VI , Book 1, Val. 3~ 

body. Chapter XV, 
fbld. 

. 
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