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THE TOLERANCE OF MAY FOR HEXAVALENT URANIUM, ®ART II. THE
EXCRETION OF URAMNYL NITRATE GIVEN INTRAVENOUSLY
TO HUMAN SUBJECTS
A¥vstract
e »
Tracer studies employing an &nriched sismbwre of the isotopes of

UZBu, U235 have been carried out in six human subjects: four males and

two females. The uranium was given intravenously in the hexavalent state

as urenyl nitrate in amounts ranging from 6 microgrems to 70 micrograms

per kilogram of body weight. -

Eé.ch individual of the series received a single injection of the
metal except for Subject who was given two widely spaced doses. The
first of these was when his condition was normal and the second after an

,‘_Aacié.os:ts had been prod.uced by 1ngestion of ammonlum chloride. Renal o
function tests including urinary catalase, protein amino N to Cretainine N
ratio)’: and clearances of mannitol snd p - aminohippurate were done before
and after adnministration of uranium. Only at the 70 microgram per kilogram
level in Subject %6 was there a slight rise in urinary catalase and protein
suggesting that tolerance had been reached. All other tests were negative.

?F\ The excretion of uranium was mainly ﬁthe, urine where from ¥O to 85

per cent\ o CRA T Ty s.‘\The productlon of an acidosis with

%,

ammonium chloride (Sub,}ect ¥0) decreased the rate of excretion.

Trwmmw two- weeks
¢

amrwmmwea ﬁ‘mmémew

by in,]ection of citra.’ce and by the use of a low ca.lcium dlet plus dihydro-—

tochysterol were ineffective.
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I. Introduction

/f? 155 The toxicological work on uranium has conceived of the metal mainly as &
k chemical hazard, and it is along these lines that the present experiments have
\ g been directed. While uranium compounds are highly voisonous when they gain
0 *’} access %o the circulation, there is little reason to fear that serious toxic

exposures will occur during the ordinary course f/iqggstrlal actlv:Lties. e °"/i7~/£/~c1
Uranium salts are absorbed poorly when ingested and unless there is gross ‘ 4 fee
carelessness, the hinhalation of contaminated dust can be controlled readily.

Ve 1t is possible, however, that long continued exposure to the dust of

_concentrates of 11231‘L U235 may, because of more mtensive aloha emission,
constifute a radiologlcal hazard narticularly for luhg and bone. S ”):W

}W ranium forms complexes with bigarbonate, citrate, phosphate, and rotein, :
: , - E’Mﬁ _ *ﬁ\ iadad Cpmbansr]

and when given in small amounts, is rapidly i with

bicarbonate. A fraction of the total dose,j from 10 to 20 ver cent, becomes
(=
I
fixed to the phosphate groups of boné from which it is released gradually.
fM Because of the manner of its elimination, the chief toxicity of uranium is for '

‘./\/\,\C LA .
A :e/: the kid.ney, where it produces 3 severe tubular neph.ritis‘ ( 3r) e q ﬂ-.tu.«f’“f

S
NS

o e

:4’14 MCO'} It has been found recently that rabbits and- dogs often show responses in e C[’*Lj
/
\r&b&’ Wreased urinary catalase and proteinﬁco injections of uranyl acetate given

intravenously at a level of 0.0l mg. per Kg. of 'body weight (O. 006 mg. of uraniun

e daily urméetion of uranium repornbed for some workers in uranium
] 'té:-x \.) - plants is of Alre—sameordsrof maenitude. - Obviously it is of interest to
. ahont 0. By A 24 hre { Y .

800b321 \‘\y"“‘”W
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determine whether man will react with catalasuria and proteinuria to such small
quantities of uranium. From animal studies we find degrees of
tolerance; the most susceptible animal that has been investigated is the
rabbit, while the toxic effects of wmranium are produced less readily in the
cat, dog, and rat in approximately the order mentioned. The experiments which
KM

we have been able to carry through Tuwés that the chemical
toxicity for adult humansAis more nearly the order of that for the rat and
suggests that genus homo occupies a position in the more resistant group of
mammals. .

ko

II. Purpose of Experiment %Mwﬁ !¥h1{341i0

"??’ ?he*;nvestigation was undertaken with these objectives in mind.
v Ay To £ind. that dose of a soluble uranitim salt which, when ‘introduced -

intravenously as a single dose, would produce just deteciable renal injury.

4
The tests employed to ascertain renal Aamage were urinary catalase (Douni:;%f////// 6

urinary protein@blatio of amino nitrogen to creatinine nitrogen in the urine,[7
(&)
glomerular filtration (mannitol), renel plasma flow, maximum tubular excretory

capacity (para amix-iohippuric, acidexqz.nd urea clearance (FemSivice—and-Eugeirh. “0)

"Not all of the more complicated tests of renal function were done in every

RN
L
sraee T
i€

¥
. ~

. -

S ~pools of ‘twenty-four hours. A

patient; however, urinary catalase and protein which are very sensitive
indicatérs of renal injury were followed carefully in each case.
B. To measure the rate at which soluble uranium compounds are eliminated

from the human boéy once they have entered the circulation. Both urine and

'.:ijeca},specimeng(ie:a;obtained from the experimental subjects;ggyrine was ;.

‘collected in individual voidings on the day of the injection and theresfter in
Th s fon vy thdnswmed g Y : _
7} was soon found that the amount of uranium -
JPPN o o0 prnd o
appearing in human feces after intravenous administration of salts of UG was

2

]
(ltﬁﬁl

o4 %"

{
b

pm—

o



negligible and the fecal analyses were discontinued.
- C. To observe the effect of measures aimed at increasing or decreasing
the rate of excretion of uranium.

Three experiments of this nature were performed. Mobilization of the
small fraction of the dose which was apparently retained was not affected by
the intravenous administrrfntion of citrate, nor by placing one of the subjects
on a low calcium diet together with large doses of A.TIO?( Production'of an
acidosis with ammonium chloride, on /tjne other hand, clearly delayed the

excretion of uraniun in the urine. The details of these experiments appear in

e ST I

I1II. Selection of Subjects and Size of Dose.

, anima,l. The plan called for a slowly mcreasing dosage provided that no signs

50 me~—em per kilo, the enriched mixture of isotopes of U231", U235 was diluted

The experimental subjects were chosen from a large group of hosplta.l

patlents;‘:' Criterla of :unoortance in making the selectlon‘were reasonablv good '
kidney function with urine free from protein and with a normel sediment on
clinical examination. The probability that the patient would benefit from
continued hospitalization and medical care was also a factor in the choice.
When higher levels of dosage were contemplated, individuals from the older

age groups were preferred in (view of the remote possibility that late radiation

effects might occur.m th “"””f“"‘*f M‘G’\*"‘“ ’W\/‘z”"" R A M W’:’\

The intial dose was set at approximately 6 res—ee. of the metal per kilo

of body weight and was chosen because this is the amount which will occas:.onal-&é—é .
e e

U S

prat o ——
ly produce Jjust detectable renaledamage in the rabbit a highly suscentible -
(Prz RAN-R

fif‘u.;qyf_

‘-v.of injury ’co the kidney were detected.v Untﬁ it was established that the rate A &e)
b of)and:_ total excretion were of the sa;ne order as that for experimental anlmals.

: no‘asu'b:ject received more than a single dose. When the amount given approached

—



1 - 4 using uranyl acetate of the ordinary isotopic mixtire. It was estimated
that this would decrease the radiocactivity to a point where any late radiation
effects would be highly improbable.

Subjectf%G received the largest amount of uranium, about 71,2?. gn. per
kilo and was given a second injection after acidification with ammonium chloride.

No renal toxic action was noted.

IV. HNature of Material and Technique of Administration.

Portions of the sample of uranium oxide (0308) enriched in 023 ana 1235
and described in Part I of this report were weighed out and used in the
prevaration of solutions of uranyl ﬁitrate for intravenous injection. When
the subject had been selected and the size of the dose agreed upon, enough of

=< the wrasiwm nitrate solution to contain several times the quantity of metal
required was diluted with a 1.15 per cent solution of sodium acetate, the pH
of which had been adjusted to 4.5 by addition of a little acetic acid. The
dilution was arranged so that thé gquantitiy of uranium to be injected would be
present in 5 to 8 ml. After autoclaving to:aﬁsure ster111ty about 20 ml. of the
buffered uranium salt was transferred to a sterile rubber capped
vial. Trial analyses were run on the femaining solution by the method of
Plating and alpha counting %o sérve as a check on the accuracy of the initial
weighing and dilution. 1If the amount of uranium present as calculated from
these two procedures was found to be in agreement, the sterile solution was

considered ready for use.

~—~Sochn 1gué of Administration .

_ <:;;”;;;1necessary amount ‘of sterile. buffered uranyl solution was-drawn from

the viql 1nto a 10 ml. all—glass syringe and the needle removed. The syringe

';" .. was handed to an assistent and held so that none of the contents would escape.




A number 20 needle attached to snother syringe partly filled with physiological
sal ine was used to cannulate the median basilic vein of the patient and enough
saline injected to insure that none of the liquid was leaking into the adjacent
tissues. . The needle was left in place and the syringe containing the solution
of uranium was attached. A few drops of blood were drawn into the barrel to
indicate the continued patency of the needle and the injection was made promptly.
The syringe was rinsed once by withdrawing the plunger slowly until blood reached

the mark of the previous filling, and the blood was reinjected into the vein.

&——— Exsparation of Dupny.Solutions O :
: - nm%%/
The same syringe used for the injection wasﬂcleaneé and dried. The

solution of uranium was again drawn from the vial to the proper mark and the

needle removed. A second 20 gauge needle filled with water was attached and
--the solution ejected through it into a 200 ml. volumetric flask. Water was:

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. Two such dummies were
prepared from the solution used for the injection. The average value of the
uraniuvm metal found on analysis of the two dqummy solutions was taken as the
amount injected. As a rule,‘'these did.‘ not differ from each other by more than

5 per cent. This was sufficiently good agreement for the purpose of the clinical

study.

Y. Cases Studied

Four male and two female vatients were studied. A resu’me/ of the experimental
work appears in'table l. . -:‘S‘gb:j_epltjjf@_;rec_:e‘ived .the uranium 'in the experiment -
designated( A)priqr to taking ‘am-ionium chloride. In experiment (B\ he was given
sbout & gm. of ammonium chloride daily for three days and then 12 gm. daily for

~two days. The CO, content of the serum decreased from 64 volumes per cent to




32 volumes per cent. He received the second injection of +6 uranium seventeen
days after the first dose and when 90 per cent of the latter had been excreted.
The effect on the rate of excretion is seen best on'inspection of Figure 1.
The production of acidosis in man decreases the -;p-eed of excretion of uranium

in the urine just as it does in the rebbit (1).

Excretion of Intravenously Administered Hexavalent Uranium Details

S it in e o i i, g LT | 3 gy IRESE TR

]
of the Experiments. o o,‘,\/(
The analyses of the excreta a}?e;“tl:ie intra.venous adninistration of hexa~- 3

valent uranium wbre carried out by the methods for plating and alpha conntizig_l/

ST

described in Part I of this repo'r:.J It was soon found that when the metal

\.’ AR AT
v
"y ey s PTG T

was gfven $Tv. s little could be recovered in the feces, while the major portion
was excreted rather promptly in the urine. The in,jected uranium also dis-
appeared fro? the blood stream very rapidly. While we have no positive mformation
on this Doint mendal. experiments suggest that it becomes fixed in the kidney ad
and particularly in the bone and that it is slowly released from the latter
site\g‘)l‘he detalls of the human experiments are as follows:

Subject No. 1 -~ White male, aged 32 years, Ht. 171l.5 cm., Wt. 60.5 Kg., B.P. 110/75.

In hospital because of rheumatééid; arthritlis dnd uretheral strictures.
At the time of study his disease was quiescent. The urine contained neither‘
protein nor casts and the catalase activity was low. Control analyses of urine
[(W end feces did not disclose the presence of uranium. On 8/9/4 he was given
"\Vvv \ 385Wuranium metal- intravenously as the nitrate diduted to 5 ml.

/ ‘with sodium acetate buffer. - Qollections of urine and feces were started immediate-
7‘ly Blood was drawn four hog;fS':”later and found to be without d_etecfcé.b_]._g.__a,)}.p»l;g;;i;
activity. The peftinent cliniéal‘ 113boratory data are "fo .'be found in ta'ble .2..

Tables 3 and. 4 presemt the fg%ues found on analyses of uriri‘e z:md feces repective-

o
Dreek

1y for uranidm. il | -

800632b.




Daily tests of a fresh specimen of urine did not reveal increased catalase
activity in the post injection period; there was no proteinuria; the ratio
of amino N/Cretainine N 4id not show a significant variation from the control
values?Zi may be seen from table 2 urea clearance, blood counts and blood
chemistry were not affected by the injection.

In summsry the intravenous injection of hexavalent uranium prepared from
a mixture of isotopes enriched in U“35 U235 at a level of 6.3 %ﬁigégfﬂ?zf metal)
per kilogram did not »roduce demonstrable renal damege. s

L2e®

Subject No. 2 - White female, aged uo years, Ht. 165.5 cm., Wt. 728 Kg., B.P. 136/90.

Hospitalization was requireé because of acute alcohokism, hallucinatory state,
cirrhosis of the livgr with congestive splenomegaly and a neuropathy probably
due to deficiency of the wvwitamin B complex. At the time of this study the
more acute symptomsgyﬁg sub;ide@;and wpile_still_a bed.patient!,she was able
to give adequate cooperation in the collection of specimens. On 9/18/&6
she was given an intravenous injection of the enriched isotopic mixture of UBBM’

U235 similar in composition to that received by Subject No. 1. In this instance

the dose was equivalent to 476. 7%%?13 metal and was contained in /I( C[W
5 ml. of the buffer. The.amount given per kilogram was thus 6.%/Efﬁ_gm2?”“°
Collections of}urine were begun immediately but the feces were not saved.
Clinical laboratory data and the results of analyses of the urine for
uranium may bve found in tables 5 and 6. Table 7 gives the ratios observed for
anino nitrozen to creatinine nitrogen in the urine before éﬁd after the uranium
injection. It is evident that these did not change.

- Asg in the flrst patlsnt the excretion of Ug in urine was very'rapld dur-
ing the first twenty—four hours and accounted for 84 per cent of the amount given.
The total excretion by this route was 87 per cent at the end of six days.

Again there was no increase in urinary catalase or protein or other indication -

fﬁka Q,Ojb43,z,3’ o ;




of renal injury.

Subject No. 3 - White female, aged 24 years, Ht. 155.5 cm., Wt. 37 Kg., B.P. 100/60.
This young woman was in fairly good physical condition excent for mild
chronic undernutrition which was thought to be secondary to an emotional mal-

adjustment.

£1

¢

ive ml. of acetate buffer containing uranium nitrate equivalent to 58% mc. gm.
€,
of the metal in the form of the enriched nixture of isg&opes of U‘?j)+ and U235

was injected into an arm vein on October 1, 1946. This dose représented 15.5

M trvspmo .
Jme._ém, of +6 uranium per kilogram.
Vs cde
Urine and feces were analyzed for uranium woith-bi—the—fiugrescencemedked
ofL&knmnunl~ﬂjﬁ—&ad by the electronlating and alpha counting method. The quantity

S

of uranium excreted in the feces was too small to measure accurately and no

. tabulation of the results is shown. .Table .8 :gives the urine values obtained by

the alpha counting method. The excretion apypeared to be somewhat less complete
at the end of five days than in the first two instances but the curve of elimination
followed the usual pattern. The clinical tests are recorded in table 3 and the
urinary amino N/Creatinine N ratios in table 10.

Although-the dose of uranium on a kilogram basis had been gore than doubled,
there was no increase in urinary catalase or protéin; the renal clearances
remained unchanged and the urinary amino nitrogen/creatinine nitrogen ratio

was not altered. ‘QKZAA’J

Subject No. 4 - White male, aged 42 years, Ht. Wt. 6% Kg., B.P. 100/72.

- ZBatered hosptial because of chronic alcoholism and bleeding from the

.qggastpgintbstinal.tract. Hls acute. symptoms, subsided afte:;;gnlgaySuand he was

'tranéférred t0 the Metabolism Unit. Stools continued to show pasitive tests

" for occult dlood for a week but were normal thereafter. X-ray studies with

barium sulphate of the espphagus, stomach and intestinal tract wbre negative




except for coarse gastric and upper small bowel mucosal patterns. The urine
was normal. However, during tests of urea clearsnces, the patient experienced
difficul tves in voiding at the times requested. There was no evidence of

urethral stricture or enlargement of the prostrate as a contributing factor.

Urea Clearances

Date Type of Clearance Per cent of Normal
10/14/46 Maxifum - 61
10/16/46 Standard 43
10/18/46 Maximum 71
10/30/46 ‘ Technician #1

1iax1mum 60
 Standard s
10/30/46 Technician #2
Max imum 56
Standard 50

The reduction of-grea clearance was not felt to be a contraindication
to continuance-of the experiment, for the urine was normal %o clincial examination
and had a low catalse activity. The injection of +6 uranium was given on
October 23, 1946. In this case equal parts of the enriched isotopic mixture and
of the natural mixture of 1satopes were given. The total dose of uranium metal

was 1918 mr—m29 9}:-——@. per kilogram.

pethods. No significant amount of uranium could be detected in the feces. |
" Table Il gives the excretion of uranium in the urine ss—determimed—bx_slectro-
brating and-elpha—eeunting, It is to be noted that the rate 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.
At the end of twelve days th? excretion in the urine per twenty-four hour /V"‘/
period wa.s‘ of the order of 1 %.W_gm‘}ﬂ:ﬂn: there was an apparent retention of Y 5%
~me._gh. presumably in the bones. In view of the fact that hexavalent uranium
complexes readily with citrate () it was decided to determine the effect of i.v.
citrate on mobilization of the residual metal.
On November 4, 1946 the patien/t/_was given 2000 ml. of a solution containing
4.6 gm. sodium citrate and 1.1 gm. citric acid per liter. Unfortunately this
solution was so hypotonic that although given slowly by intravenous drip over
a three hour period, the next two voidings of urine contained homoglobin and
his temperature rose to 39.5 C. As may be noted from inspection of table 11,
" "this maneuver @id not affect the excretion of uranium. -
M One sample of blood was drawn eight minutes after completing the injection
and was found to contain Q.03 Murenium per ml. If the blood volume
of this man be estimated at 5000 ml.,tthen 11 per cent of the dose was still
within the vascular system.
The citrate excretion in the urine was measured on two control days
during the administration of sodium citrate, citric acid sodution and in a
follow-up period. There was comparatively little increase in the urinary excretion
of citrate (table 12) which suggests that much of the citrate administereé must
hage been méta,bolized rather than excreted.

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

i';The range of dosage had now been reached where mild toxic effects on the

(),

»;ikidney were to be anticipated. " There was no evidence of such damage in this

sub,ject.' . The level of urinary catalase and protein remdined unal tered as did

the amin&) N/Creatinine N ratio. Subsequent follow-up examinations in the clinie -

-'revgales&d steady improvemez;t,. in his general condition/
: : B ‘ S : v
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Subject No. 5 - Male negro, aged 51 years, Ht. 160 cm., Wt. 56.2 Eg., P.P. 120/60

T. %6.8 C. ,
Tunr

Chronic cough had been present for about one and a half years and then

was a history of rather high comsumption of beer and ale. Three weeks vrior
to his hosptialization on October 30, 1946, his cough became worse. The
sputum was streaked with blood, he had fever at night, he become anorexic,
dy_spneic and complained of marked weakness. Physical examination revealed
signs of consolidation of the right upper lobe of the lung. Type 14 pneumococcus
E wgs recovered from the sputum by di;;c typing and by ingection into a mouse.
The temperature was 40.4 G, f%%%g%§§z count 20,750, icterus index 24, cephalin
flocculation 2+, 002 content of serum 39 volumes per cent, chlorides of serum
98 meq./liter, total serum protein 4.8 gm. per cent, non protein nitrogen
,hhmg. per cent. His illness ran gtgtqrmy course, but gradually responded
to combined therapy with penicillin and sulfadiaéine. These medications were
discontinued on November 19, 1946. After he had received a total of &,765,000
units of intramuscular penicillin and 87 egms. of sulfadiazine orally. He
remained afebrile from this point on but his convalescence was slow and
signé of consolidation of the figgf upper lobe, ﬁoth by physical examination,
and by X-ray, persisted. Bronchoscoﬁy was performed on November 11, 1946 but
no obvstruction to the right upper love dbronchus was discovered.

During the period of observa;;on on the metabolism ward his appetite was
excellent and he gained 1.5 Kg. in'weight.

Since the tolerance for uranyl nitrate appeared good in Subject No. 4

e Tsssrr A’
'.»;hat a level of about 30 me—gh. /kilogram (as uranium metal) a further moderate

1ncrease in the dose was given Sudbject Wo. 5.' The mixture of isotopes enriched

in U23h, 232 was diluted 1 — 4 with ordinary uranium and injected in the amount
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Iy
of 2746 mer—gis OT 48.8 me.—gm. per kilogram on December 17, 1946.
#,»

Tﬂ; analyses of the urine appear in table 1U. Again no significant amount
of uranium. could be detected in the feces by the method of analys;s employed.
Although there was no increase in urinary catalase (table 15), & trace of protein
appeared in the urine on the fourth post injection day. While it is suspected
that this was a chance observation and without significance as far as the
uranium was concerned, it is unfortunate that the patient could not have been
followed longer. He was feeling much improved at the time and insisted-en
being discharged from the hospital. There was no follow-up.

Other clinical data and the amino N/Cregtinlne ¥ ratios in the urine

may be found in tables 16 and 17.

Subject No. 6 - White male, aged 61 years, Ht. 163 cm., Wt. 55.2 Kg., P.B. 150/8h.
T, 36 5 C.

The‘fifth adm133101 of this uatlent was on October lh 19h6. He femained
~ in the hosptial continuously from this date until completion of the metabolic
studies on April 1, 1947. His transfer to the metabolism unit for the purpose
of the studies recorded here was ¥ffected on January 3, 1947.

Some of the previous diagnoses were: arteriosclerosis general, hypertension
secondary, heart disease arteriosclerotic and hypertensive Class IIa; alcoholism
chronic; spontaneous pneumothroax; pneumonia right upper lobe, pneumococcus
Type II; tuberculosis pulmonary. The last diagnosis was probably based upon
insufficient evidence for after three months observation in a tuberculosis
sanatarium, he was discharged with a diagnosis of chronic pulmonary fibrosis
_C.secondary to his orevious Type II pneumonia. The present admission was for
f’symptoms suggesting a gastrie iesi&ﬁ: This Qas confirmed by xpray and gastroscopy‘.

and was thought to be a benign ulcer. He improved promptly on medicalvtreatment




13

and the ulcer appeared o heal. Further pulmonary studies including concentration
of the sputa, dronc socp%‘and X-ray failed to reveal evidence of active pulmonary
tuberculosis. As he had no home, he agreed willingly to enter the metabolic
unit for special studies.

Two experiments were set up. In the first of these the patient served as
his bwn control for the second expveriment.

Experiment 1 - Condition Normal

Laboratory Data:
Blood:  Hb. 13 .3 gm. /1oo nl,
RBEC. 62 million/cul mm.
WwBC. 8,300
Differential Count:
Neutrophiles 75, Lymphocytes 22, Monocytes 3.
_Urine:

Specific Gravity 1.024, Albumin O, Surgar O.
Acetone 0. Milcroscopic 2.3, W.B.C. per high power field

Stool: :
Negative qualac reaction for blood on admission to metabolism.

, X~ray of Lungs:
| Resolving oneumonic process in right upper lobe with residual fibrosis.
\K X-ray of-Stomach:
Decrease in size of the ulcer on the lesser curvature.

Renal Function: 1/9/U7 (Condition normal)

Renal plasma flow 482 ml/min. (Normal 697 + 130)
Glomerular Filtration Rate 99 ml/min. ( ® 131 + 22)
Maximum Tubular Excretory  95mg/min. ( " 77.5 + 12.9)
Capacity

q,Flltration Fraction . . 0,205 - .. S (C.m.0.19 + 6.62),

Blood Chemistry 1/6/47

NPN 30 mg. per cent . @lobulin 2.3 gn. per cent
- Total Serum Protdin 6.5 gm. per cent Chloride 98 m. eq./liter
Albumin 4.2 gm. per cent co, 64 vols. per cent
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Uraniun (as +6 metal) in the amount of 3910 mew—gm. was injected intra-
venously at 10:25 A. M. on January 10, 1947. As in the case of subjects No.
4 and 5, the enriched mixture of the isotopes U23)+, U235 was diluted by addition
of uranyl acetate 4 natural isotopic mixture. The ‘total activity of the
dose was computed as 0-031 microcuries, and the metal injected per kilogram of

hutecrn 2

body weight was 70.9 whe uranium analyses for the urine are given
in table 18 by the methf;d of electroplating and alpha counting.

The catalase and protein tests for tubular damage ennumerated in table
19 for the first time are slightly Vh/;.gher on the fifth and sixth days, <&€ter
the injection. While it cannot be stated that either test is unequlwocally
positive, it would seem advisable that any further increase in the dose should

S
be made in small incrementy'l‘here was no change in the ratio Amino N/Creatinine A/

in the urine (table 20)..7 . .

Renal clearance tests were repeated six days after the injection at a time

\\

when)according to the animal work, injury would be apt to}\manifest. Yo sign-
ificant difference from the control values is evident.
Date of Tests, January 16, 1947 - Pr—trterhouse
Renal Plasma Flow : 499 ml. /min.
Glomerular. Filtration Rate 93 ml./min/
Maximum Tubular Excretory

Capacity for para aminohippuric acid 8% mg. [min.

Filtration fraction 0.185

Experiment 2 -~ Condition Acidotic

~ About 90 per cent of the first dose of uranium had been excreted in the
urine by Januvary 22nd. Acidification was begun by 'giving g gn. of amman ium
chloride daily for three days and the dose was increased to 12 gm. a day on the

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

$~73800b33q4;'
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1t was somewhat smaller than the first dose, 3170:ghfgn. of Ug metal, or
56.52::2:;:7$;hogram body welght. At the same time the dose of ammonium
chb;f;de was reduced to 4 gm. a day and discontinued after January 3lst.
The effect of NHuCI on the blood chemistry was as follows:

Blood Chemistry

Jan 27 Jan 28 Jan 31 Feb. U4
C8, content of Serum Vols % 32 36 4g 70
Chloride in semmﬁzgsgiliter 16 112 108 104
Non protein nitrogen mg. % 60 50 s

It is evident that since the control values for 002 content of serum
were above 60 vols, %, a considerable acidosis was achieved by the administration
of the(ammonium chloride.

L/Ebble-21 gives data on the:rate and cumulative excretion of uranium during
acidosis. The slower excretion is appreciated best by referring to Figure 1.
The twenty-four hour urinary excretion of uranium had fallen to a very low
level fifteen days after the second injection and analyses were discontinued.
The amount retained in the body at this time may be estimated roughly as:

Total Uranium (Uz) administered 7080 mc. gms.
(Sum of the itwo doses)

Less total Uranium eliminated in urlne 5913 mc. gms.

possible retention in body 1167 mc. gms.

The final tests of kidney function were done on January 31, 1947 during

the period of acidesis.

Renal plasma {low 555 ml./min.
Glomerular Filtration : _“"102:m1./ming
Maximum Tubular Excretory

capacity for para aminohipourie 92 mg. /min.
acid

Filtration Fraction 0.184
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The apparent retention of U6 by this man offered the opportunity to test
the effect of measures aimed at mobilization of the uranium presumadbly retained
in the bones. To this end‘the dietary calcium was reduced to 0.2 gm. a day
which is less thsn the amount required for equilidbrium OCS and gradually
increasing doses of dihydrotachysterol (A.T 10) were simul taneously administered.

It was hoped that this program would have a moderate decalicfying effect
and perhaps liberate some uranium from its conbination with the phosphate
groups of bone. We have assembled the data on serum Ca + P and urinary Ca
and P for this experiment in table 22. The maximum dose of A.T. 10 Qas
7.5 mg. a day continued for eightemn days. While this about tripled the
exeretion of calcium in the urine, it did not affect urinary phosthorus

and there was no increase in the excretion of urarnium.




vI. Mechanism of Excretion of Hexavalent Uranium

Dounce (\) has shown that uranyl ions complex readily with carbonate

/f,{f‘ or bicarbonate, organic acids as citrate, malate and acetate, with protein
O R
o R

i

A > ’
p;qﬂ”*” and with phosphate. In blood where there is a large excess of bicarbonate

I

ot ?«M/about 60 per cent of Ug is thought to form a firm complex of the type U0, (co3 o
( ‘;Q L‘..M«"’l
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P }( “$i$ently from the studies we have been able to carry out, man hehaves as
{v !

R J 3 5(,_Q,

- t’) does the rabbit and other animels with regard to excretion of uranium. A

s schema giving the probable mechan@gm,of excretion of U6 by the kidney is

- P

A

O

AA-

given in Figure 2 (modiﬁed from Dounce (Q\‘h The diffusable bicarbonate
complex is filtered at the glomerulus. MHeasures which cause acidification of
the urine decrease the concentration of bicarbonate in it and hence its
ability to complex uranium. Complexing of the metel with the cell protein of
‘the renal  tubules is thus favored. This mechanism is well illustrated in
the animal studies-of w$11s (W). In Subject No. 6 it seems probable that the
production of a highly acid urine through the administration of ammonium
chloride is responsible for slowing the excretion of U6' The lowered content
of bicarbonate in the urine permitted wranium to complex with cell protein
vwhere it was held temporarily. Its removal from the cell co;;;:;e accomplish~
ed slowly through the presence of traces of strongly complexing amions such
as citrate, malate and ﬁécarbonate which when present even in very small
quantities Wpsuccessfully compete with orotein for urenium (Ib). If sufficient-
ly damaged}these cells may be shed into the urine or at least become more
permeable and 1eék catalase into it. The early proteinuria of uranium poison-
©.ing no doubt:haé a similar etiology.
The smali and in our experiments inconsequential amounts of uranium(U6)

found in the feces are also in agreement with the animal work. Possibly a very




minute fraction of the injected dose is excreted in the bile and traces
probably appear in other intestinal secretions. The presence of dietary
phosphorus and the reaction of the intestinal contents would favor fixation
of any uranium entering the gut as a phosphate complex 05) or as a precipitate
of uranyl phosphate.
7»447
The retention of 15 to 20 per cent of the amount administered

Z,e Mmz /‘—W. 7 mz\,«‘/%«r Q(WZ:»\ *. f

slowly. From the work of Neuman and collaborators (3) uranyl ions appear to
ﬁe fixed to bone "by a slightly dissociated linkage with two phosphate groups
adjacent to each other in %the bone surface", The U6 held in the skeleton
without doubt represents that fraction of the total dose which is not

- eliminated within the first few days.: ey
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Table 20 ‘
XL
Subject No. 6 o
"3
Daily intake: il
Calcium 235 mg. ST
Phosvhorus 1127 ng.
Blood Urine A.T. 10 Daily “’.’?“""‘{;f:"f’*
_ Tre W
Ca P Ca P Vivscre bV
Day ng. % mg. % mg. 24 hrs mg. 2% hrs. cc v Lol
1 2/5/47™, Lg 1008 None
2 31 812 "
3 L 33 195 "
4 31 655 "
5 32 765 "
6 9.7 3.4 22 711 "
7 30 868 "
& 34 785 N b2
9 26 730 " .7
10 27 153 "o ) ) g 4
11 38 é{ou L L
12 | e 30 99 T ‘
13 (k747 3l 688 . 2m. ---~=-=-- 77
14 Doy 4o 716 nwo- , ;z. 2~
15 _ u3 730 nno- > 7
16 St 45 681 e &1
17 39 722 - ) 15
18 5 720 #on o
19 7 Tu8 7 =
20 9.5 3.5 36 702 4 ml. DR SRS
21 43 158 e . S5
22 37 ™7 R It ~-'g/
z 3 loT IR O 3
o4 9.3 4.0 171 5297 6 ml. ~~ I A =
25 29 e pres o
o5 28 732 nh e =0
2_[ ) 750 nn T ”:. 3
o8 10.0 3.6 4 726 mrs S R
29 47 721 R R, "‘?
30 1y 753 N L
31 5)4 858 1 - - > E &Iy
32 8.7 4.1 3 832 mHs e - e s 1006
3 67 806 L 79
LI . gh 881 R A A
35 919 : 3.5 76 g),p_,, [ ] -... ST . .l);g-
3% g6 798 AR T (
37 9L gl1 me - e~ 207
13 g5 710 " - e o b S
39 97 7514, L v: 2/
o 97 130 T T T T e
] 104 682 R R
- 98 728 None w o o 4=~ XN
8005339 )
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