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of in4uettfal ac.t iv l t leoo Urariivm asl.t;s are absorbed pearly when ingest- 

dosec from 10 to 20 per c a t ,  'baeooios f i x 0 3  to tOso phosphate groups of 

of it elimination, the chief toxicity o f  uranium is for the kidnoy, where 

it produces a amere tubular n e p b i t i s  (3) .  

It has been found recently thnt x b b i t o  &nd doge pftexi shdv r6@.6.,-1 6 

in increased urinary catalase and prote"a to injections of uranyl acetate 

'given intravenously at  a level of O o O l  mg. per Rgo of body weight (Oo006 mga 
. .  

o f  uranium metal) (41, This dose is  well below thu level that w l l l  produce 

. r -  

t o o o 4 ' 4 ' 6  



decreased the rata af excretion. A t t m p t s  at  mobilization of tha 

fraction retained by InJection of citrate and by the use of a low 

ealchm diet plus dibydrotochysterol were ia$'fective. 

* 

. I  

I 



I 



patients. 
I go~cl lddney. function with urine freo from protsfn and with a normal sediment 

on clinical exrunlm%iono 

oonthued ba~.'~:aslimfGion and medical care vas a l n o  a factor in the cbolceo 

Cri te r ia  of importance In d d n g  the soleetion were reasona'bly 
* 

The probabtlitgr. that the patient would benefit fr  m 

. .  -4 

i 
..+ 

. : r  

10,00443 



. .  

r a d i a t i o n  effects might occur, and the enr iched  i s o t o p i c  mixture was ' rtiluted 

w i t h  ordinary uranium, 
T- 

The i n i t i a l  dose was s e t  at npproximtely 6 rnicr&ymns of t h s  mtR1 

per kilo of body vrei;:ht and was chosen because this i s  tho amouni; which 

will ocaasloral ly  produce just detectsable temporary rbml damage in the 

rabbit,  a susceptible animl (4), 

dosage provided that  no signa of injury. to t ! ie  kidney Gore do'ieotcd,. 

. .  

The plan c a l l e d  for a siowly incraaqhg 
1 

Until it was es t ab l i shed  that t h o  w t e  of ,  alzd tota l  excretion w e r e  of the 

same order as that for exprimsnts l  &ni&ls,, no cUbjGc'w received n!om than 

a single dose. 

t h e  enriched mixture of  isotopes of U234,, U235 ww dilu'cod 1-4 using 

Mien t h e  amount giver! a;Jproccliad 50 LLicrogrLnis par k i l o ,  

uranyl acetate of the ord inary  i so top ic  conpos i t ion ,  It was estirrsted 

that %his would decrease tho radioao-iAvity t o  a poin t  idioro "ny late radiat jon 

effectti would be highly fq robr r l l a  

Subject 6 recoived t h e  1nrg;est anlourit of .ji.dniua, ubout '?I micrclgram 
I I *  

p r  kilo and was given a second injwAion s f tw &cid i l ' ioa t lon  wi th  ammiurn 

chloride,  No renal t o x i c  a o t i o n  1-s noted. -A, . 



. 

tho Jisedh mmved, 

and ths solukion ejected I;hrcru& It b to  a 2 0  rrd, voluwjtria f l s s k ,  .V?ater 

A second 20 map needle f i l l l sd  n l t h  water was attached 
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CUMULATIVE 

E X C R E T I O N  IN 

I OF D O S E  

I EXCRETION OF URANIUM BY SUBJECT NO. 6, 

- WITHOUT ACIDIFICATION (A) 

4 FOLLOWING ACIDIFICATION ( 8 )  

I O O O l l t l b  

I 

I 

'li 

A. - Condition Normal 

B, =- Cofi.ditio;.: Acidotic from Ingestion 
of Itr;mor:i m C!llori.de 

http://C!llori.de
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,5f-*t,ur Inject ion 

Standard 91% 

Differential Count 
--IIw-- 

' i  
Neut. 65 p2rccnt 

s. L, 6 

5 4ctertts Index 5 Units b 

Su@r 66 4; % 62 
14. P. rJ 
Total, Protein 7 < 2  . 
iilb/Glob. 1+*3/2+? u n  5 It .4/2 * 8 
1norgqi.c F, li0 3 mg 5 14"s 7 

31. m g %  31 
* E n %  - .  7.2 

205 
vols. % 63 

Alk. Phosphatase 2.3 Bodansky Units 
Carbon Dioxidz 70 

94 . Chloride - - -  ne q/ l  i te r 
L 

These t e s t s  likevriso indicate a necatlve effect at the present level of dosage, 
Y 
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To tal . .._ .~ 

Ccphalh  Floccu1Lat.;.on 
3 rt. 

b , 

1 

24 



. 

.il Total Protein 

I '  Albumin 

P Globulin 
.) 

NPN * 21. i 

1 0 0 0 4 5 3  
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. SU;SJECT NO. 2 

TABLE; 7 * 

i 
Ratio of Urinary &no Acid NitroKen t o  Urinary Crea t in ine  ' 

n 

(Analyzed by H. Bcrke and L1. Crossmon) 

Amino Acid N Anlno Acid N 
Creat in ine  Crea t in ine  

Date 

9/10-11 

- 

9/11-12 

9/12-13 

9h3-U 

9 h - 1 5  

9/15-16 

* 9/16-17 

9/17-18 

9/18-19 

9/19-20 

9 /2 0-2 1 

9/21-22 

9/22-23 

9/23-24 

9/24-25 

9/2 5 -2 6 

3 /26-2 7 

L 9/27-28 

9/28-29 

9/29-30 

h1 'day specinen - .  DL~. t e 8 Specimen 
except f o r  8 am 

* 

9/11 

9 / u  

9/13 

9 / u  

9/15 

9/16 

9/17 

9/18 

Poin t  of Uranium Raminis t ra t i on  
? 

' a 9/19 

9/20 

! 

9/21 

9/22 

9/23 

9/24 

9/25 

a46.. 

. 057 

0 54 

e 4 5  

048 

444 

a 4 7  

i o o o W j  
I .  





1 '  

* 
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-3 
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r-4 

1-j 
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I 
I 

k v "  T 
, -* 

?kwm Chloride 

Serum CC2 . '  
Blood Sugar 

Non-Protein Nitrogen 

Inorganic Phosphorus 

Alkaline Phosphotase 

- 

Total Serrvn Protein 

Globulin 

.. Total . B i l i r u b i n  

SUBJEC'P NO. 3 

i TIZBIX 9 (conl ' t )  
Blood Chemistrg ?. 

i 
&j& 10/21/46 

Glomecular f i l t r a t i o n  rate -- 118 ml/min. 117 d /min .  - 1 -  . 

M a x h u m  tabular 

(para amino hippuric ac id)  
Excretory Capacity -- 81 f i i d m i r i e  

. -  

1 0 0 0 1 1 5 4  
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Y 27 

c, 2.7 

10/.1-10/2 "24 

10/2--10/3 

10/3-10/4 . 

e 2 4  

2 1  

e22 
6 

-_ 
0 22 

. .  26 

10/8-10/9 e 22 

n 24 
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llif Se r e n t  i a l  C :'XJ n@ 

Stab Cells 

Lymphocyte:; 

' Eo.; iopiiile c 

Basophiles 



Determination 

sugar . . 

Non-Pro te in  Nitrogen 

&rum Albumin 

Globhim 

Total Protein 

Choleot e rid 

Serum CO 

Serum Cl-doridc 

Fibrinogen 

Alkaline Phouphatase 

2 

Calcium 

Phosphorus 

Icterus Index 

Total Bilirubin 

Thymol Turbidity 

Cephalin Floc, 

1 0 0 0 4 b f  

IO 

h 

3"b 

l a 7  

5 -3. 

i 

5% 

614 

3 04 

6 

. .  

-1.. . 

15 



. .  
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5 : y  p!l1 7 50 

11 45 

14 00 

I9 ,r 20 

22 20 

I: 6 20 

70 20 

94 20 3. ,I 

0056 

0 0012 

221+!1 p 0 75.22 

73 " 29 0 0334 
T 



. .  
!iOUF 

* -  

8 0 

2 0 

3 0 

10:30 am 

10:30 *am 

10:30 

10:30 am 

10:30 am 

9 : O O  am 

3 

2 

0 

0 

I 

U r a n i u m  Administered 9:40 am U/17/46 - 
2 0 

/ 0 

10:30 am 

1o:jo am k *  

10:30 am l r 0 5  , o  
- 1 -  . 

12/21,24 hr. 
sample 0 

12 /2 1/1&6 10:30 4 20 



TAP! ti 16 

Laboratory Data: 

Urc?a Clearance l;Z/U/46 

2b Standard Clcarmce 75% of norinial, - 

Urine Ihminat ion:  Specific Grnvity - lo0Pj1 no albumin casts or sugar, 

. -  load Count &IJ'~J&) 

Red blood c a l l s  3*7 x 10 6 per cu, rim, 

J,R,C,'s 12,500 pep cue m, 

HemogLobin 13 gns , . / lCO nl, whole blood 
. .. ,' 

Non-prot e i a  nitrogen 

sugar 

Chloride 

.,- 

563 

Total. S e m  Protein 

I A l b d n  

Globulin 

Fibrinogen . 327 n1,q 

3 Icterus 
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h 

&&,io of Urinary Amino Acid Nitrogen t o  Urin’kuy 
Creatinine 

. .  

Amino Acid N 
Great inirie * 

- 
- Date u d w  swcimenl UL*in8,l-YJ& 

12/7/46 - 12/8/46 025 5 092 

.16 5.70 

,16 5087 

* 15. 5.45 

5054 

5056 

16 

0 13 

5 c 4 5  
- b . .  . 

5 032 
Uranium 3d~11irsia tcm 

5h7 9:40 am 12/1‘?/46 

5.68 

503s 

5 039 06 

c 

1 0 0 0 1 5 1 3  



h o t o n e  0. ~ ~ i c m o s o p i c  2-3, WBC por high power f i ,o ld  

~ Stool : c 

-.r 
Bogative quahc  roadtion. for Blood on admisefon to metabollrsu 

. .  Kroy of Lunge: 

Rasalving pneumonic procoss in right -upper lobe with 

1 0 0 0 4 1 4  

ro8idw.l f ibroela,  , 

I 

. . .--_. . - . .-......... ~ . ~ .  . - -- .. - . -l.l-. - . . . -  .. . ,  . . . 
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h Decrease In  size of  the ulcer on the lesser ourkture. 

B a a l  Function: 1/9/47 (Condition normal) 

intravenouely at lO:25 A, 14. on January 10, 1947, 

Subjeote 4 and 5, the enriched mixture ob the isotopes U2340 U235 wae 

Be in the c a m  of  

. .  . 
ratio h a h o  lV/CreatInbe PI In the, urine (table 201, 
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Urinary Catalase and protoin 
Catalase 

Date (m. of 50) 
l / h / k 7  10:30 am 5 -5 

1/6/47 10:30 am 8 

1/7/47 10:30 a 10,5 

1/8/47 2:oo p 7.5 

l M 4 7  lot30 am 16 

,1/10/47 9:40 am 9.5 * .  -,- 

Uranium administered 10 am l/lO/!+? 

1/11/47 

. 1/12/47 

1/13/47 

J-/u/47 

f 

, , -. 
, , ... - A -  

* (  

i 
10:30 m ' 8  

mg. Albumjll/5 m l .  urine 

0 

0 

0 

0 

0 

0 

0' 

9:30 am -805 0 

10:30 am 11 0 

10:30 am 10.5 0 

9:45 m. 12.5 trace (leas t h a n  5 mg.) 

8:UQ am *u*5 trace (less than 5 mgo) 

10:30 am . U. 0 

10230 BGI 8 0 

10:30 am 11 

10:30 12 

. .  

1 0 0 0 4 1 8  
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SUBJECT NO. 6. 

T@LE 20 I 

t9 

Ratio of urinary amino acid n i t rogen  t o  u r ina ry  c r e a t i n i n e ,  

(Analyzed by He Berke and El, Crossmon) 
. .  

Date Amirio Acid N. * Urinary pH. - Creatinine C. 

I 

1/4/47 - 1;/5/47 16 6.02 

15 5075 1/5/47 - 1/6/47 
0 15 5.61 1/6/47 - 1/7/47 

1/8/47 - 1/9/47 
1/9/47 - 1/10/47 

1/10/47 - 1/11/47 004 , 

1/12/47 - 1/13/47 

1/14/A7 - 1/15/47 

1/16/47 - 1/17/47 

1/17/47 - -1/18/47 
1/18/47 - 1/19/47 

5 Q3r( 1/7/47 - 1/8/47 .13 . 
0 13 5 022 

a 13 5952 
Uranium administered 10:W an l / l O / & 7  

5A7 

I I .  5 or& 
1/11/47 - 1/12/47 

-u 5 034 

.u 5 035 

0 1 2  5.54 

- L . .  . 
0 1 5  5031 1/13/47 - 1/14/47 

L .u 5 087 1/15/47 - 1/16/47 

15 5.36 

0 17 5 032 

1/19/47 - l/20/47 0 28 * 5,2% 

16 5 u 4 1  1/20/4? - 1/21/47 
. .  

3 044 1/21/47 - 1/22/47 0 12 

"'*'T 
C 1- 

00041q 



Zt Is &clm.bU t b t  sine0 the oontrol va.ltlso for CO aon$ent of 
2 

0 0 m  wore abms GO .sal& per cent, a considerable acidaeie  was achieved 

I .  

. . . . . . . - . . . - . . . . . 
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during 

Leoe t o t a l  uranium ~ ~ l i i n h t s d  in urine 5913 microgra~na 

Possible tstent%on in body 1167 nicrograms 

The flnal t o o t s  of k t b e y  h c t l a a  were done on Jwwry 33.. 1947 
tho period of acidoeia. 

to t e s t  the e f f e c t  of meamre8 slued at mobilization of the ursalum preatam- ... 1 

i o o o t l s i  
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22 

11 
12 699 
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2i 2 9.3 ko 9.3 
80 2 
2.0 
11.3 
5* 2 
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VI. aMecha.nlsm of Excretion - of. Hex3valent Uranixm - 

Dounce (13) haa sham that uranyl ious conplez readily with 

Carbonate 'or blcarbcnata, or@.s.iic acids a8 citrate, nnlate and acetate,  

with proteln and with phot;iA~~'Lc~-i. In bl.ood whero thsrc i& a large excam 

of  bicarbonate, abut 60 per cent of 'Js -1s ~IX-W+- .+t 0.0 i'or~? a f i & a  complex 

of the type U02 (CO ) 

carry out ,  man bebavst; as does the mbbi t  and other aaimda with regard 

Evidently f~*aro the studies i f 8  1~v-e  been able ta 3 2" 

through the a h i n i n t r a  bioi- of amr;or!5.~xn chloride i s  rcs:mmZ.ble for slowing 
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OFFIGIRL USE ONLY --- 
I 

inti6 the urine or at loast become mare poiulecabLe and leak cataltlse in& 

It? 0 The early proteinuria of uranium poisoning no dou3t ha8 a similar 

etiology. 

li 

The small and i n  o w  experiments incoxiiPsquenti+l mounts of 

upwiurd (V,) found in the feces.ars also 431 apzmaent k t h  the aninal work 

Possibly a very rnlnute fraction a f  the In jected & o m  i o  excreted in thg, -. 

bile  and tracas,probably apparr i n  other Jintaqtird s2cretionso 

presence o f  dietary phaephoms m d  the reaction of tho  fntestlml coneants 

would favor flxatlon of any uraniun entering tho g c L t  LLD a phosphate 

9 

Tho 

. 1. 
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