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THE TOLERANCE OF YAK FOR HEUVALERT URAPIIUM, &RT 11. THE 

TO ENPUN SUBJECTS 
E X C I E T I O N  OF LJFW?YL NI'E&TE GIVEN INTRAYBIOUSLY 

A b  trac t 

WJ 
uA-- 

Tracer studies eingloying si &nriched e 4 the isotopes 4 

234 U , have been carr ied out in s i x  human subjects: four xales  and 

two females. The uraniuv was $iven intrsvenously i n  the hexavalent s t a t e  

as uranyl n i t r a t e  in mounts ranging from 6 nicrogrens to 70 micrograms 

per kilogram o f  body weight. 
. /' 

Each indivifiual o f  the se r i e s  recetved a single inJection of the 

mek l  exce2t f o r  Subject who was given two widely spaced doses. The 

f i rs t  of  these m s  when his  condition was normal and the seconn after an 

acidosis  had been produced by ingestion of  *onium chloride. 

function t e s t s  including urinary catalase,  protein,  amino R to  Cretahfne 

ratio3 and clearmces of m n n i t o l  and p - ambohippurate were done before 

and after administration of  urmiun. Only a t  the 70 microgram per kilogram 

level. i n  SCbject $6 w e s  there a s l igh t  r i se  in  urinary cata lase and protein 

R e n a l  

suggesting that tolerance had been reached. A l l  o ther  tests were negative. 

ammonium chloride (Subject 6) decreased the r a t e  o f  excretion. 

tochysterol were ineffective. 
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5 1 5  The toxicological work on uranium has conceived of the metal mainly a8 8 

chemical bazard, and i t  i s  along these l i n e s  that the present eQeriments have 

been directed. Jfhile uranium cornpmnds a r e  highly ?oisonous when they gain 

access to the circulat ion,  there i s  l i t t l e  reason to  fear that serious toxic 
.-- 

exposures w i l l  occur during the o r d g a r y  course of i ndus t r i a l  ac t iv i t i e s .  __ A -/ yJ s'---- b --f-f-?'cc 
Uranium s a l t s  are  absorbed poorly when ingestect and unless  there is gross 

carelessness,  the Frihalatioa o f  contaninated dust can be controlled readily. 

,/f '~' ,It is possible ,  however, that long continued exyosure to the dust of 

concentrates of U2J4, U235 may, because o f  more intensive alpha emission, 

const i jute  a radiologicd. hazard pxr t icu lar ly  f o r  lung and bone. 
, ..\ I '  ' t .  

ium forns  complexes w i t h  
f 

and when given in small mounts ,  is 

bicarbonate, S f rac t ion  of the tot& dose, from 10 to  20 per cent, becomes 

fixed to the phosphate groups of  bon , flLom which i t  is released gradually. 
4'. 1 t-t'i, 

reased' urinary catalase and proteinfii'injections of uranyl v -  ace ta te  given 

,- Obviously i t  is of  i n t e r e s t  to  
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determine whether man w i l l .  react  w i t h  ca ta lasur ia  and proteinuria  t o  such small 

q u a i t i t i e s  of,.-uranium. From animal s tudies  we f ind degrees of 

tolerance; the most susceptible animal that has bees inves t imted  i s  the 

rabbi t ,  while the toxic e f f ec t s  o f  aranium a r e  produced less readily i n  the 

ca t ,  dog, and rat in approximately the order nentioned. The experiments which 

we have been ab le  to carry through M t5a t the chenical 

tox ic i ty  f o r  adu l t  humansj(is nore nearly the order o f  that f o r  the rat and 
Iz,+.uwi-O&b C i Z L  d p - V = - - - - +  

suggests that genus homo occupies a posi t ion i n  the more r e s i s t an t  group o f  

mammal 8. 

-#’ . 

’ p e  investigation w a s  undertaken with these object ives  in mind, 
\A- w 

A, -.!Po f ind tha t  dose of a soluble manitkn salt  which, when Introduced 

intravenously as a s ingle  dose, would produce just detectable renal injury. 

11--py 

The t e s t s  employed to ascer ta in  r em1 damage were ur inary catalase 

kav, @ 
urinary protein,  \bE a t i o  o f  amino nitrogen to creat inine nitrogen i n  the ur ine,  

capacity (para aminohippuric acid@ YL d urea clearance 

glomerular f i l t r a t i o n  (mannitol) rem plasma f l o w ,  m a x i m u m  tubular excretory 

iro) /I ‘ 
cp M 

‘mot a l l  of the more complicated t e s t s  OP renal function were done in every 

pat ient :  however, urinary catalase and protein which a r e  very sens i t ive  

fndicatirrs of renal injury were followed carefu l ly  i n  each case, 

B. To measure the r a t e  a t  which soluble uranium compounds are eliminated 
-L--r 

from the human body once they have entered the circulation, Both ur ine and 

cal specimens were obtained from the experimental subjects 

l l ec t ed  in individual 

Urine w a s  , 
7 

001s of,’twenty-four 

* *  
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negligible and the fecal analyses were discontinued. 

C- l o  observe the e f f ec t  of measures aimed at  increasing or decreasing 

the r a t e  o f  excretion of uranium. 

Three experiments o f  t h i s  nature were performed. kfobilization of  the 

small f rac t ion  o f  the dose which w a s  apparently retained was not affected by 

the intravenous adninis t ra t ion of c i t r a t e ,  nor by placin$ one o f  the subjects 

on a low calcium d ie t  together with la rge  doses of  A . r l 0 .  * Production o f  an 

acidosis with amrconium chlor ide,  on the other :hand, c l e a r l y  delayed the 

excretion of uranium in the urine. 
/’ 

The d e t a i l s  of these experiments appear i n  

111. Selection of  Subjects and Size of  Dose. 

The experimental subjects were chosen from a l a rge  group of hospital  

patients.  Cr i t e r i a  o f  importance ‘in ‘making the select ion were reasonably good 

kidney function with urine f r e e  from protein and w i t h  a norm.1 sediment on 

c l i n i c a l  examination. The probabi l i ty  that the ga t ien t  would benefi t  from 

continued hospi ta l izat ion and medical care was also a fac tor  in  the choice. 

When higher leve ls  of  dosage were contemylated, individuals from the older 

age groups were preferred in-/view of the remote poss ib i l i t y  t’nat l a t e  radiation 

e f fec ts  might occur,& % hl lL@t*f M c  G x @  dLpAA 2 
U+++.w+ 2- 

/Ld- 
The izitial dose was s e t  a t  aproximately 6 rurx-ga. of the metal per k i lo  

& d L L  

J 

of body weight and was chosen because t h i s  is  the amount which w i l l  occasional- 
- - -” &+t&-f/ --- --C_I.__- - - - .  

l y  produce j u s t  detectable f %  r e m  damage i n  the rabbi t ,  a highly susceptible (P+ 
,7fir&<?.f. (41 

animal. The plan called f o r  a slowly increasing dosage provided that no signs 

it stablished that the rate 

as that f o r  experimental animals, 

When the amount given approached a noesUb2ect received more than a single dose. 

k i lo ,  the enriched nixtu& of isotopes of U 234 , $35 was di luted 

* 
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1 - 4 using uranyl ace ta te  of the ordinary isotopic  +@Slip?. I t  was estimated 

that t h i s  would decrease the radioact ivi ty  to a point where any l a t e  radiation 

e f f ec t s  would be highly improbablb. 

Subject & reseived the l a rges t  amount of uranium, about 71 mc. gm. per 
/16 

k i l o  and w a s  given a second injection a f t e r  ac id i f i ca t ion  w i t h  amnonium chloride. 

No renal toxic action was noted, 

IV. Nature of Naterial  and Technique of Administration. - 
235 Portions of the sample of uranium oxide (U 0 ) enriched i n  $34 and U 3 8  

and described in  Par t  I of  this report  were weighed out and used i n  the 

preFaration of  solutions of  uranyl n i t r a t e  f o r  intravenous injection. When 

the subject had been selected and the s i ze  o f  the dose agreed upon, enough of 
4 - the n i t r a t e  soluti'on to contain several times the quantity of metal 

required w a s  d i luted w i t h  a 1.15 per cent solution of sodium acetate ,  the pH 

of which had been adjusted to 4.5 by addition of a l i t t l e  zce t ic  acid. The 

d i lu t ion  w a s  arranged so that the quant i t iy  o f  uranium t o  be injected would be 

present in 5 to 8 ml. 

buffered uranium salt was transferred to a s t e r i l e  rubber capped 

After  autoclaving t o e s u r e  s t e r i l i t y  about 20 ml. of the 
-* -4 

vial. TrW analyses were run on the remaining solution by the method of 

p la t ing  and alpha counting to  serve as a check on the accuracy of the i n i t i a l  

weighing and dilution. If the amount of uranium present as calculated from 

these two procedures w a s  found ta be in agreement, the s t e r i l e  solution 

considered ready for use. 

t of s t e r i l e ,  buffered uranyl solution was.drawn from 

%e syringe the v w  h t o  a 10 ml. all-glass syringe and the needle removed. 

was handed- to an a s s i s t an t  and held BO that none o f  the contents would escape. . i  
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A number 20 needle attached t o  mother  syringe p a r t l y  f i l l e d  with physiological 

sa l ine  was used to cannulate the median b a s i l i c  vein of the pat ient  and enough 

s a l h e  injected t o  insure that nDne o f  the l i q u i d  was l eaking into the adjacent 

tissues. 

of uranium w a s  attached. A few drops o f  blood were drawn into the bar re l  to 

indicate the continued patency of the needle and the inject ion was made promptly. 

The needle was l e f t  i n  place and the syringe containing the solution 

The syringe w a s  rinsed once b;T withdrawing the plunger slowly u n t i l  blood reached 

the mark o f  the previous f i l l i n g ,  and the blood was reinjected i n t o  the vein. 
I- 

+The same syringe used f o r  the inject ion wasJlclean& and dried. 

solution of uranium w a s  again drawn from the v ia l  to the proper mark and the 

The 

needle removed. A second 20 m e  needle f i l l e d  w i t h  water was attached and 

Water was’ . the solution ejected through i t  into a 200 m l .  volumetric flask, 

now drawn through the needle into the syringe to the same volume as that of  the 

uranium solution and this  too discharged into the flask. Tno such dummies were 

prepazed from the solution used f o r  the injection. 

uranium metal found on ana lys i s  of the two dummy solutions was taken 8s the 

mount injected. 

5 per cent. 

The average value of the 

As a ru le ,  ’ these did not  d i f f e r  from each other by more then 

This was su f f i c i en t ly  good agreement f o r  the purpose of the c l in i ca l  

s tuciy. 

V. Cases Studied 

Four male and two female p t i e n t s  were studied. 
/ 

A resume of the experimental 

work appears i n ’ t a b l e  1. Subject 

designated(b)prior to taking ammonium chloride. In experiment[B\he was given 

about 

two days. 

received the uranium ‘in the experiment 

&m. of ammonium chloride daily f o r  ‘ three days and then 12  gm. dai ly  for  

The C02 content of the serum decreased from 64 volumes per cent to 
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32 volumes per  cent. He received the second inject ion of +6 uranium seventeen 

days a f t e r  the f irst  dose and when 90 per cent of the l a t t e r  had been excreted. 

The effect  on the r a t e  o f  excretion i s  seen bes t  on inspection of Figure 1. 

The production o f  acidosis in man decreases the 
r L f q h +  

o f  excretion of uranium 

i n  the urine j u s t  as i t  does i n  the r abb i t  ( \ \ I .  
Excretion of Intravenously Administered Hexavalent Uranium. Detai ls  

~~ i. --,1- ..@L **. _*. r* ~ --+ xr-r r _  - . -.-.*. “. 

I . .  

of the Experiments. 
”*^. - . - I-. - 
intravenous administration of  he- 

/ 

valent uranium wbre carr ied o u t  by the methods f o r  p la t ing  and alpha counting_s/‘ 
~~ fl-,v*r ‘ r i s l - w - . ~ , . - - -  

w a s  soon found that when the metal 
---=-- e----- 

was gTven LV. ,  l i t t l e  could be recovered in  the feces,  while the major portion 

was excreted rather  yromptlg i n  the urine. The injected uranium a l s o  dis- 

stream very rapidly. While we have no pos i t ive  informa2fon 

on th i s  point ,  rue&A experiments suggest that it  becomes fixed in the kidney ad 

and par t icu lar ly  in the bone and that i t  is slowly released from the l a t t e r  

site&‘)The d e t a i l s  o f  the human experiments a r e  as follows: 

Subject No. 1 - White male, aged 32 years, Ht. lD.5 cm., W t .  60.5 Kg., B-P. 110/75. 

In hospi ta l  because o f  rheumat %: arthritis a d  uretheral  s t r ic tures .  4: 
I. At the time of study his  disease was quiescent. The ur ine contained ne i ther  

protein nor cas t s  and the catalase a c t i v i t y  w a s  low. Control analyses o f  urine 

y1’63L and feces d id  not disclose the presence of uranium. On 8 /9 /46  he w a s  given - 

o f  uranium metal.. intravenously as the n i t r a t e  dGuted to 5 ml. 

with sodium ace ta te  buffer. ’Collections of ur ine and feces were s ta r ted  immediate- 

ly. 

act ivi ty .  

Tables 3 and 4 present the values found on analyses of ur ine and feces repective- 

Blood was-qrawn four hours l a t e r  and found to be without detectable 

The? per t inent  c l i n b & l  l;tgboratory data a r e  to be found in table  2. 

*..A 

ly for uran~&. i ,  
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Daily t e s t s  o f  a f resh  specimen o f  ur ine did not reveal increased ca.talase 

ac t iv i ty  i n  the post  inject ion period; there was no proteinuria;  the r a t io  

o f  amino N/Cretainine N did not show a s ignif icant  var ia t ion from the control 

values/as map be seen from table  2 ure2 clearance, blood counts and blood 
and 

chemistry were not affected by the injection. 

I n  sumnary the intravenous injection o f  hexavalent uranium prepared from 

a nixture of isotopes enriched in V23k, $35 a t  a leve l  o f  6.3 M f  netal)  
Y 

4% 
;3er k i logrm did not yoduce  demonstrable renal clanage. 

Subject No. 2 - White female, aged 4 0  years,  Et. 165.5 cm., Wt .  726 Kg., B.P. 136/90. 
/ 23dY 

Hospitalization was required because of  acute alcohokism, hallucinatory s t a t e ,  

c i r rhosis  o f  the li-r with congestive splenonegaly and a neuropathy probably 

due t o  6eficiency of the *:aitanin B coa2lex. A t  the t ine of th i s  sf,udy the 

more acute symptoms hqd subsided and while s t i l l  a bed pat ient ,  she was able  

to  give adequate cooperation i n  the collection o f  s.secirnens. r?n g/la/& 

she was given an intravenous injection of the enriched isotopic mixture o f  U 23 4 , 

similar i n  composition to that received by Subject No. 1. In th i s  instance 

the dose w a s  equivalent to 476.7 +w+ gm. of the netal  and was contained in 

5 m l .  o f  the buffer. 

Collections of ur ine were begun immediately but  the feces were not saved. 

"f yd' 
I t  - * / 

P 

<3- 
!I'he,ainount given per kilograin w a s  thus 6.5 

Clinical  laboratory d a t a  and the r e su l t s  of analyses of the urine f o r  

uranim m y  $e found in  tables 5 and 6, Table 7 gives the ratios obsemed f o r  

anim nitrogeii t o  creatinine nitrogen i n  the urine before and a f t e r  the uranium 

injection. I t  is evifient t ha t  these did not change, 

As in the f i  cret ion of  u6 in urine #a 

ing the f i rs t  twenty-four, hours and accounted fo r  84 per  cent of the amount &van. 

The to t a l  excretion by t h i s  route was 87 pe r  cent a t  the end of six days, 

Again there was no increase in  uiA?ary catalase o r  protein or other indication 



of  renal injury. 

Subject No. 2 - White feza le ,  aged 24 years ,  Ht .  155.5 cn., Wt. 37 Kg. ,  B.P. 100/60. 

This young w o r n  was ir, f a i r l y  good 2hysical condition exce:Jt fo r  a i l d  

chronic undernutrition which was thought t o  be secondary to  an e r i t i ona l  mal- 

ad j us tmen t. &e 
"ire m l .  o f  ace ta te  buffer  containing wanium n i t r a t e  eqilivalent to  584 mc. gn. 

stc. 
of  the ne ta l  i n  the forrn o f  the enriched Fixture o f  opes of U234 and U235 

was. injected h t o  an a m  vein on October 1, 1946. This dose reTr&sented 15.5 
/ v 

/w 
o f  +6 uranium per kilogram. 

Urine and feces were analyzed f o r  uraniu.3 bc&d+&kz flur. ,rr;s~~- 

0 I 1;- the electro?lating and alp:*a coun tkg  method. The quantity 

or^ uranium excreted i n  the feces was too snall to riea.suro accllrately and no 

tabulation of the resu l t s  is  shown. ~Tabls ,a *gives the  urine values obtained by 

the al&a couiting nethod. 

a t  the end of  f i v e  days than i n  t h e  f i r s t  two instances but the curve of  elimination 

followed the usual pattern. 

urinary amino N/Creatinine N r a t i o s  izl table  10. 

The excretion a2;3eared to be soinew'hat less complete 

The c l in i ca l  t e s t s  are recorded in table  9 and the 

A l t h o u g h  the dose o f  uranium on a kilogram basis had been @ore than doubled, 

there was no increase in  urinary catalase o r  2rotbin; the r ena l  clearances 

remained unchanged an0 the i;rinary amino nitrogen/creatinine nitrogen r a t i o  

was not a1 tered. 

Subject Bo. 4 - White male, aged 42 years, Ht.  Wt. 64 Kg., B.P. lOO/7Z. 
-& 

+&Atered hosptial  because of  chronic alcoholism and bleeding from the 

tbstinal tract. H i s  acute  symptoms subsided a f t  s and he was 

transferred to the Metabolism Unit. Stools continued to show posi t ive t e s t s  

for occult  blood f o r  a week but  were normal thereafter. 

barium sulphate of the esppbgus, stomach and in tes t ina l  t r a c t  wbre negative 

X-ray s tudies  with 

8 c 



9 

- 
except fo r  coarse gas t r ic  and upper small bowel imcoeal patterns. The urine 

was normal. However, during t e s t s  o f  urea clearmces,  the 2a t ien t  experienced 

d i f f icu l t -  i n  voidiag a t  the t ines requested. ?r Faere was no evi?.ence o f  

urethral s t r i c t u r e  o r  enlargement of the  pros t r a t e  as a contributing factor. 

Urea C 1  -ranee s --- 
Date Type o f  Clearance Per cent of  ~ o r m a l  

10/14/ % PIaXfium 61 

10/16/+6 Standard 

10/18/ 46 Maximum 

43 

71 

ikcimun 60 

Standard 53 

Standard . 50 

The reduction ofeurea. clearance was not f e l t  to be a contraindicat5m 

to continuance-of the experiment, f o r  the urine vas normal to c l i n c i a l  exan3.nation 

and bad a low ca ta l se  ac t iv i ty .  The inject ion of +6 uranium was given on 

October 23, 1946, In this  case equal p a r t s  of the enriched isotopic mixture and 

of the natural  mixture of isotopes were given. The t o t a l  dose of uranium netal  

was lglg G 4 2 9 . 9  mc.-g i~  4 P -  per kilogram. 
N At 
e a- 

- 
l y & s a e b y  P el- g 

pe&bnds No s igni f icant  amount of uranium could be detected in the feces. 
c. 

' llable 11 gives the excretion o f  uranium i n  the urine e tro- 
'! 2 I t  is to be noted that the r a t e  and percentage 
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excretion was much the same as in Subject No. 3 .  Urinary catalase and protein 

did not increase in  the post injection period. 

A t  the end of  twelve days the excretion in the ur ine per twenty-four hour 

d v -  and there was an apparent retention of , 5 3 5 7  7 period was of the order of 1 

presumably in  the bones. In view of the f a c t  that hexavalent uranium 

complexes readi ly  with c i t r a t e  (G) i t  was decided to detennine the e f f ec t  of i.v. 

c i t r a t e  on mobilization of the residual metal. 

On November 4, 1946 the pa t ien t  ya-s given 2000 ml. of a solution containing 
. ,. 

4.6 gm. sodium c i t r a t e  and 1.1 gm. c i t r i c  acid per l i t e r .  Unfortunztely t h i s  

solution was so  hypotonic that although given slowly by intravenous dr ip  over 

a three hour period, the next two voidings o f  urine contained homoglobin and 

his  temFerature rose to 39.5 C. 

t h i s  maneuver aid not a f f e c t  the excretion of uranium. 

As may be noted from inspection of tab le  11, 

h e  sample of blood was drawn eight minutes a f t e r  completing the injection 
c 

%-42- and was found t o  contain 0.043 a w a n i u m  per ml. 

of  t h i s  man be estimated a t  5000 m l . ,  tthen 11 per cent o f  the dose was s t i l l  

within the vascular system. 

If the blood volume 

The c i t r a t e  excretion i n  the urine was measured on two control days 

during the administration o f  sodium c i t r a t e ,  c i t r i c  acid soibution and in a 

follow-up period. There waa comparatively l i t t l e  increase in the urinary excreCion 

of c i t r a t e  ( t ab le  12) which suggests that much of the c i t r a t e  administereif must 

hage been met+bolized iAther than excreted. 

Blood counts and blood chemistry may be found in table  13. 

e r  of dosage had now been reached where mild toxic e f fec ts  on the . 
Pn ey were to be anticipated. There was no evidence of such damage in  th i s  

sub,ject. 

the amin& R/Creatinine N ra t io .  

The l eve l  o f  urinary catalase and protein r a i n e d  unaltered as did 

Subsequent follow-up examinations in  the c l in i c  
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Subject No. 5 - Male negro, aged 51 years,  R t .  160 cm., Wt. 56.2 Hg., P.P. 120/60 

‘zcacpu, T. 36,s C. 

Chronic cough had been present f o r  about one and a half years and fhen 

was a h is tory  o f  rather hi& cornsumption of beer and ale .  

to his  hospt ia l izat ion on October 30, 1946, h i s  cough became worse. 

Three weeks g r io r  

The 

sputum w a s  streaked with blood, he had fever a t  night ,  he become anorexic, 

dyqpneic and complained of marked weakness. Physical e m i n a t i o n  revealed 

signs of consolidation o f  tine right upper lobe o f  the lung. 

wqs recovered fron the sputum by direcJ typing and by indection into a mouse. 

Type 14 pnemococcus 
. ,’ 

The temperature w a s  40.4 c , t 20,750, i c t e rus  index 24, cephalin 

flocculation 2+’, CO 

yg meq./liter, to tal serum protein 4.8 gm. per cent, non protein nitrogen 

Nmg. per  cent. H i s  i l lness  ran a stormy course, but gradually reqonded 

to conbined therapy with pen ic i l l i n  and sulfadiazine. These nedications were 

content of serun 39 volumes per cent,  chlorides of serum 2 

discontinued on November 19, 19%. After  he had received a to ta l  o f  ~,765,000 

units o f  intramuscular pen ic i l l i n  and S7 gms. of  sulfadiazine orally.  

remained a f e b r i l e  from t h i s  point on but his convalescence was slow and 

signs o f  consolidation o f  the right upper lobe, both by physical examination, 

He 

. 
and by X-ray, persisted,  Bronchoscopy was performed on November 11, 1946 but  

no obstruction to  the ri&t upper lobe bronchus was discovered. 
I- 

During the period of observation on the metabolism ward h i s  appet i te  w a s  

excellent and he gained 1.5 Kg. in weight. 

Since the tolerance f o r  uranyl n i t r a t e  appeared good i n  Subject No, 4 
%M-w 

. at  a level o f  about 30 -,/kilogram (as uranium metal) a fur ther  moderate 
/tA 

increase i n  the dose was given Subject No. 5. The mixture o f  isotopes enriched 

%M-w 
. at  a level o f  about 30 -,/kilogram (as uranium metal) a fur ther  moderate 

/tA 
increase i n  the dose was given Subject No. 5. The mixture o f  isotopes enriched 

i n u  234 P $35 was di luted l - 4 w i t h  ordinary uranium and injected in the amount 



J- . o r  48.8 IUS=-@. per  kilogram on December 17 ,  1946, ,,,F of 2746 

The analyses of the urine appear in  table  14. A g a i n  no significant amount 

of  uranium could be detected in  the feces by the metbod o f  analyses employed. 

Although there w a s  no increase in urinary catalase ( t ab le  151, t trace o f  protein 

a?peared i n  the ur ine on the fourth post inject ion day. 

that this was a c b c e  observation a d  without significance as far as the 

W i l e  i t  is  suspected 

uranium w a s  concerned, i t  i s  unfortunate that the pa t i en t  could not h v e  been 

followed longer. 

being discharged from the hospital. 

He WPS fee l ing  musn improved a t  the time and insisted-- 

m e r e  was no follow-up. 

Other c l h i c a l  data a d  the amino N/Creatinine I? r a t i o s  in the urine 

nay be found i n  tables 16 an8 17. 

Subject No. 6 - White male, aged 61 years,  H t .  163 cm. , W t .  55.2 Xg., 1.3. 150/84. 

1 .  

. .  
T. 36.5 C. 

The f i f t h  admission of this s a t i e n t  was on bctober 14, 1946, He remined 

i n  the haspt ia l  continuously from th is  date  until conpletion of the metabolic 

studies on April  1, 1947. 

of  the  s tudies  recorded here was bffected on January 3 ,  1947, 

His transfer to  the metabolism unit f o r  the purpose 
..4, 

Some of  the previous diagnoses were: a r t e r io sc l e ros i s  general, hypertension 

secondary, hear t  disease a r t e r io sc l e ro t i c  and hypertensive Class IIa; alcoholism 

chronic; s2on taneous pnemo throax; pneumonia r igh t  upper lobe, pnemococcus 

Type 11; The last  diagnosis w a s  probably based upon 

insuff ic ient  evi.’ence f o r  a f t e r  three months observztion in a tu3erculosis 

swuktarium, he was discharged with a diagnosis o f  chronic pulmonary f ibros is  

tuberculosis pulmonary. 
x 

previous Type 11 pneumonia. The present admission was for  
. .  - ,  

symptoms suggesting a gastric lesion. !his w a s  confirmed by X-ray and gastroscopy 

and was thought t o  be a benign ulcer. H e  improved promptly on medical treatment 



and the ulcer  appeared to  peal. 

of the sputa, bronc 

tuberculosis. 

Further pulmonary s tudies  including concentration 

socpiy’ and X-ray f a i l ed  to reveal evidence o f  ac t ive  pulmonary a 
A s  he 3ad no :home, he agreed wil l ingly to  enter the metabolic 

un i t  f o r  special  stildies. 

Two experiments were s e t  up. In the f i r s t  o f  these the pat ient  serve& as 

his  bwn control f o r  the second e q e r b e n t .  

Experiment 1 - Condition Rormal - 
Laboratory Data: 

. /’ 

Blood: Hb. 1 . d  gm. / lOO m l i  
BBC. t.62 mi l l i on /cd  mm. 
’mc. s,300 

Different ia l  Count: 

Neutrophiles 75, Lyaphocytes 22, Nonocytes 3.  

Urine: 

Specific Gravity 1,024, Albumin 0 ,  Surgar 0. 
Acetone 0. Nicroscopic 2-3, ??.Bo c. per high power f i e l d  

Stool : 
Xegative quaiac reaction f o r  blood on admission to metabolism. 

X-ray o f  Lungs: 

Besolving yeunonic  process i n  r igh t  up2er lobe with residual f ibrosis .  

)(. X-ray of StoDach: 

Zecrease i n  s i z e  of t he  ulcer on the l e s s e r  curvature. 

Renal Function: 1/9/47 (Condition normal) 

Renal plasma flow 482 m l / m i n .  (Normal 697 + 130) 
Glomerular F i l t r a t ion  Rate 99 m l / m i n .  ( ” 131 22) 
~ k ~ i m u m  Tubular Excretory g%g/min. ( ” 77.7 - + 12- 9) 
Casac itiy 
F i l t r a t ion  Fraction 0,205 . ( ”  o,ig . -  + e.e2>. 

s* . 
Blood Chemistry 1/6/47 

NTPET 30 mg. per cent . h o b ~ i n  2.3 gm. per cent 

Albumin 4.2 gm. per cent 
1 Total Serum Prothin 6.5 gm. per cent Chloride gt3 m. eq. / l i ter  

C02 64 vols. per cent 

3 3  * 
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+w 
Uraniun (as +6 m e t a l )  i n  the amount o f  3910 -. WES injected intra- 

As in  the case of subjects No. venously a t  10:25 A. M. on January 10, 1947. 

4 and 5,  the enriched mixture o f  the isotopes U234, U235 w a s  diluted by addition 

of  uranyl ace ta te  A natural isotopic- e. The * total a c t i v i t y  of the 

dose was computed as 0.03 microcuries, and the metal injected per kilogram of 

body weight was 70.9 IWF-&??~ uranium analyses f o r  tne urine are given 

i n  h b l e  18 by the method of  e lectroplat ing and alpha counting. 

& 
& 

The catalase and protein t e s t s  for  tubular damage ennumerated in t ab l e  

19 f o r  the f i r s t  time a r e  s l i g h t l y  higher on the f i f t h  and sixth days, 
,' 

Mter 

the injection. While i t  cannot be s ta ted  tb,t ei ther  test  i s  unequiwocally 

posi t ive,  i t  would seem advisable that any fur ther  increase i n  the dose should 

be made i n  small increments. There was no change in the r a t io  h i n o  N / C r e a t i n i n e  f i  
i n  the urine ( table  x)). / 

Renal clearance tests were repeated six days after the injection a t  a time tL- by! 
when according to the animal work, injury would be apt to  manifest. Ho Sign- 

i f i can t  difference from the control values is evident. 
) h 

Date of Tests, January 16, 1947 -*&,L Yaterlxrmre 

Renal Plasma Flow 499 m l .  /mine 

Glomerular F i l t r a t ion  Rate 93 m l . / m 4  

M a x h u m  Tubular Excretory 

Capacity f o r  para aminohip-ouric acid 83 mg./nin. 

F i l t r a t ion  fract ion 0.1g5 

Experiment 2 - Condition Acidotic 

About 90 per cent of t h e  first dose o f  uranium bad been excreted in the 
' *  . .  

urine by January 22nd. 

chloride daily f o r  three days and the dose was increased to 12  gm. a day on the 

4th and 5th days. The second dose of  branium was given intrdvenously on Jan. 27 

Acidification was begun by giving g &m. of  ammdnium 



# 
It was somewhat sna l le r  than the f i rs t  dose, 3 1 7 0 ~ .  of U6 metal, o r  

f i  
56.5 =logram body weight. A t  the  same time the dose o f  ammonium 

chmoride was reduced to  4 gm, a day and discont'inued a f t e r  January 3 l s t .  
Y 

The effect  o f  NR4Cl  on the blood chemistry was as follows: 

Blood Chemistry 
Jan 27 Jan 28 J- 31 Feb, 4 

C02  content o f  32 36 48 70 

Chloride i n  se  116 112 108 104 

Mon protein nitroggn,mg. Bp 60 50 41 

I t  i s  evident t'nat since the control values fo r  C 0 2  content of s e w  

were above 60 vols, $, a considerable acidosis  w a s  achieved by the adminietration 

of the ammonium chloride. 

/Table 21 gives data on the  r a t e  and cumulative excretion of uranium during 

acidosis. The slower excretion i s  appreciated best  by referr ing to  Figure 1. 

The twenty-four hour urinary excretion o f  uranium had f a l l e n  to a very l o w  

leve l  f i f t een  days a f t e r  the second inject ion and analyses were discontinued. 

The amount retained i n  the body a t  t h i s  time may be estimated roughly as: 

T o t a l  Uranium (U ) administered 7080 mc. gms. 
(Sum of  the e wo doses) 

Less total Uranium aliminated i n  urine 5913 ne. gms. 

m m c .  gs. possible retention in body 

The f i n a l  t e s t s  of kidney function were done on January p, 1947 during 

the period of  acidosis. 

Renal plasma f l o w  555 ml./min. 

Glonerular F i l t r a t ion  1.02- nit../min.,. 

Maximum Tubular Excretory 
capacity f o r  para aminohip?uric 
acid 

92 mg./min. 

F i l t r a t ion  Fraction 0.184 
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The apparent re tent ion of u6 by t h i s  man offeret! the opportunity to t e s t  

the e f fec t  o f  measures aimed a t  mobilization of  the uranium presunebly retained 

in  the bones. To th i s  end the dietary calcium was reducet! t o  0.2 ,gm. a day 

which is l ess  than the amount required f o r  equilibrium fik) and gradually 

increasing doses of  dihydrotachysterol (A. T 10) were simul%aneously administered. 

CI 

I t  wzs hoped that this  program would heve a moderate decuicfy ing  ef fec t  

and perhaps l i b e r a t e  some uranium from i t s  conbinetion with the phosphate 

groups of  bone. 

and P f o r  t h i s  emeriment i n  tab le  22. 

W e  have assembled -Me data  on serum Ca + p and u r h r y  Ca 

The maximum dose of A.T. 10 was 

7.5 mg. a. day conthued f o r  e ightem days. 

excretion o f  calcium i n  the urine,  i t  ??id not a f f ec t  Grimly @.osp'mrus 

While this about t r ipled the 

and there was no increase i n  the excretion of  zraxium. 
1 ,  



VI. Mechanism of  Excretion o f  Hexavalent Uranium 

Dounce (@ has shown that ni'c;nyl ions comclex readi ly  with carbonate 

ir o r  bicarbonate, organic ac ids  as c i t r a t e ,  mala.te and ace ta te ,  with protein 
/ c " "  ' --\ 

r i  -4"Nccand with phosphate. In blood where there is  a la rge  excess of  bicarbonate 
'r J . 

about 60 per  cent of u6 is thouga to form a firm complex o f  the type U O ~  ( C O ~ ) ~ C  

from the s tudies  w e  have been able  to carry out ,  man hehaves as 

does the ra'obit and other a n l m l s  with regarc? to excretion o f  uranium. A 

schema giving the probable mechani5q o f  excretion o f  U by the kidney i s  

given in  Figure 2 (modified from Daunce(tq> The diffusable  bicarbonate 

complex i s  f i l t e r e d  a t  the glomerulus. 

6 

Measures which cause ac id i f ica t ion  of 

the ur ine decrease the concentration o f  bicarbonate i n  i t  and hence i t s  

a b i l i t y  to  com?lex uranium. 

the renal ' tubli les i s  thus favored. 

Cornplexing o f  the m b t d  with the c e l l  protein o f  

This mecknism i s  we l l ' i l l u s t r a t ed  in  
4 -  

the an i r a l  s tudies  of Y@ls (\\). In Subject No. 6 i t  seems probable that the 

production of  a h i m y  ac id  urine through the adxinis t ra t ion of amaoniwn 

chloride is responsible f o r  slowing the excretion of U The lowered content 

o f  bicarbonate i n  the ur ine  permitted uraniun to complex with c e l l  protein 

where it was held temporarily. Its removal from the c e l l  eaaEdt-Be accom9lish- 

6' 

m 

ed slowly through tne presence of traces of strongly complexing amions such 

as c i t r a t e ,  malate,and bgcarbonate which when present even in very small 

quant i t ies  &successfully cornpete with Sro te in  for  uranium (jb). If suff ic ient-  

l y  damaged, these c e l l s  may be shed i n t o  t h e  ur ine o r  at  l e a s t  becone more 

permeable and leak catalase in to  it. 

ing no doubt has a similar etiology. 

The early proteinuria  of  uranium poison- 

The small and in our experiments inconsequential amounts of u r a n i u r n ( U ~ >  

found i n  the feces a r e  a l s o  i n  agrement with the animal work. Possibly a very 



minute f rac t ion  o f  tke hgec ted  dose is excreted in the b i l e  and traces 

probably appear i n  other in tes t ina l  secretions. The presence o f  dietary 

phosphorus and the  reaction o f  the in tes t ina l  contents w o u l d  favor f ixat ion 

o f  any uraniun entering the gut as a phosphate complex (rb) o r  as a prec ip i ta te  

of  uranyl phosphate. 

,' 

From the work of Weunan and collaborators (2) uranyl ions appear to 

be fixed to %me "by a s l igh t ly  dissociated linkage w i t h  two phosphate grouss 

adjacent to each other In 'she bone surfacetVi 

without doubt represents that fract ion o f  the to ta l  dose which i s  not 

The Us held in the skeleton 

eliminated within the first  few days. t : 

8 



I *  Blood 

Table 22 

Subject NO. 6 

Cal c iun 235 mg* 
Daily i n  take: 

Ph.os?horus 1127 ng. 

Vrine 

7 
8. 

9.7 

I 
17 I 

18 
1 9  
20 
21 
22 
23 
24 
25 
26 
27 
28 
23 
30 
31 
32 
33 
34 

' 35 
36 
37 
3a 
39 
$0 
41 
42 

9.5 

9.3 

10.0 

g- 7 

919 

8 0 0 0 3 3 9  

P 
mg. 

3.4 

3- 5 

4.0 

I 
i 
i ! 3.6 

4.1 

3.5 

__ 
Ca 

mg. 24 h r s  
-I_ 

49 
31 
33 
31 
32 
22 
30 
34 
26 
27 
38 
30 
34 . 
40 
43 
45 
39 

36 
43 
37 
38 
177 
29 
28 

R 

E 
47 
44 
$4 
61 
67 
a4 
76 
86 
91 

85 
97 
97 

104 
98 

100a 
81 2 
705 
-' 655 

765 
n-1 
86 g 
785 
730 
753 
704 
699 
688 
71 6 
739 
681 
722 

702 
758 
747 
797 
529 7 
771 
?52 

750 
726 
721 
753 
858 
832 
so6 
881 
a44 
798 
811 
PO 
764 
730 
682 
728 

;E 
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