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I. THE METABCLIC PROTFZRTIZS O PLUTCHIUL
AND ALLIZD MVATSRILLS
J. G. BEaniltecn

Radibautographic Studies

Rediocautogranshic studies with the long-lived rare earths
ard the actinide eioments are continuing with particular reference
to the use of alpha particles emulsions Tor those radio-elements
that emit this type of radiation. Considerable progress has been
made toward developing a satisfactory technique for mouating the
sections dirzctly upon th= anulsion, There is still difficulty
in both the stecining of the section and the concurrent staining of
the emulsion. The successful spplication of this procedure should
make it possikle to correlate the deposition of the alpha active
actinide elements with the specific cells that accumulete these
substaaces. lioderately satisfactory radiosutogrephs of americium
from undecealcified bons sections have beein obtained which corroborate
the observations iade esrlier by the more conventional technigues.
This racio-element shows a rathsr surprisinzg degree of accumlation
in the regions of the blood vessels within the mineralized ztructure
of the bone.

The radiosutograpiaic studies for the long-lived fiscion
products and thse actinide elemeats ars bteing continued. Preliminary
radioautogrephic studies of the deposition of Ac227 in bons indicate
that this element is d2posited in bone very much in the sams pattern
as has been observed with the lanthanide rare earths, americium, and
curium. In order to securs the pattern of distribution more
accurately, it will be rnecessary to age the bone sections for another
60 days so that full equilibrium may be established with the radio-
active descendants of AcSe’, The necescsity for this veait bscones
apparent when it is recallesd that radioc-actinium (Th227) has a half-
lifs of 18.9 days and AcX (Ra223) has a half-life of 11.2 days.
Inasmuch as only 30 days had elapsed from the time of the administra-
tion of the radio-actinium to the prevaration of the radio-autographs,
it is apparent that a considerzable fraction of the activity in the
bone arose from the radio-thorium and AcX present in th= soclution of
ectinium at the time of its administration. Since we already know
thet tHe patternsof distribution in bone of both radium and thorium
differ from one another, as well as from the lanthanide rare earths,
americium, and curium, it will be necessary to wait until all of the
activity from the radio-thorium and AcX present at the time of
edministration has decayed. A less significant but possible source
of error is that the radio-thorium and AcX formad from the decay of
actinium between the intervel of administration and sacrifice of
the animals may be subject to translocation. The pessibility of
this effect may be avoided vy simply adding to the waiting period,
indiczted above, the intervel of time between the date of admirnistra-
tion and date of sacrifice.

1115105
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The radioautographic studiss with columbium.have been set
up. It is with particular interest that we look forward to the
results of these experiments, for it micht be recealled that
columbium, while deposited in the skeleton to a considerable degree,
is not retzirned as tenaciously by that orgsn as yttrium, zirconiun,
ths lanthanide elements, and the actinide elements studied.

In con-ection with these radicautographic studies Miss
Axelrod has completed a very extensive review of the field of
radioautography. This material has been declassified and was
presented by invitation at the Biological Chemistry Section of
the American Chemical Scciety in New York in September of 1947.

Tracer Studies

Radic~Silver. Tracer studies with carrier-free radiocactive silver
have veen carried out on anizials that had been subjectsd to ligation
of the bile duct. A summery of the results are noted in Table I,
It will ba seen thaz the distribution pattern of radio-silver in
those animals subjscted to bile duct ligation is very di“ferent
fron these ¢of the normal coanvrol aniqals. It wculd appear from the
high content of the various tissuss of tine body, nctably the liver,
t? *byiis element is exeretad in the carrier-free state by way of
the l1le.

It has been observed with carrisr-free radio-silver that
in blcod mest of the silver is bound to ths serum proteins. This ucs
found beth in the in vivo and in vitro studies. If carrier-free
radio-silver is added to hevarinized whole bSlooé and allouved to
stand for three hours in vitrc, 64 percent of the activity is in
the globulin fraction, L6 percent in tie albumin, and 20 percent in
the red blood cell fraction. Approximately & Lhiru of the total
red cell aectivity was irn the hemcglobin. The globulin and albumin
fractions were separated by the use of one—nalf saturated ammoniun
sulfate. The protein-free fraction of the serum, which was obtained
by tre additicn of saturated cmmonium sulfzte to removs ths albumin,
contained less than C.l percent of the radio-silver present in the
blood. It was found that the carrier-free radio-silver, as Ag ion,
aftor its addition to dblood in vitro, did not dialyze through a
celleidin membrane, which suggssted the possibility of its chemienl
combimation with ths protein.

The in vivo experiments wers done as follows. Carrier-free
radic-silver was adninistered introvenously and five minutes later,
blood.was remcved and the froctionations made in the mzonner indicated
above: 50 percert of the activity was in the globulin fraction,

32 percent in the albumin, 10 percent in red blood c21ls @nd less
than 1 percent in the protein free fraction ¢f th: plasama. If is of
interest to note that in this five minutz interval, the liver hed
removed 86 percent of %ha total mount of radio-silver that was
aéministered, In an additional exverimaent a preparation of purified
rat globulin, to which radio-silver hzd teen added, was a.ministered
1ntr;venous injection and the distribution of the activity in
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TABLE I

A COMPARISON OF TiI: METABOLISM OF CARRIZR FREE RADIO
SIIV.R (Agll0) FOLLOVING INTRAMUSCULAR ADMINISTRATICN IN
NORMAL RATS AND RATS AFTER LIGATION OF THZ EILE DUCT

Bile Duct Ligetcd Animals Normal Controls

2 Days 7 Duys 1 Doy ‘4 Days
(3 rats) (3 rots) (3 ruts) {3 rats)
Tissuc % per % por % per b por % por % por - % per % per
orgen LGNS Organw gram  orgen  gram  OrEEA gram
Hoart & Lungs 1,05 359 .50 17 13 .14 .046 .015
Spleccn - - 1.29 .75 .11 12 ..004 .004
Blood 10.8 .70 5.96 .45 4,06 297 .849 .066
Liver 57.6 5.7 43,3 4,21 2.73 .308 1.88 .158
Kidney 5.67 2.64 6.56 2.81 1.27 631 2.80 .159
Brain .12 .078 .037 .022 036 .029 .019 .019
G.I. Tract 5.10 .28 2.405 W15 21.0 Ced 2,37 .08
Bone 3.33 .17 4.07 .15 4.22 162 .660 .007
Musclo 2.40 .021 1.53 014 2.21 022 2.32 .002
Skinv .. 4.08 - .11 2.87 .067 1.93 .058 .609 .022
Urinc - 3.03 - | 7.96 -= : .00 - .000 --
Facos 6.85 - 18.8 - 60.9 - 91.74 --

135101
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the blood between the glotwlin, albumin, ané red blood cells
was 76 percent, 18 percent, and & percent respectively, three
hours after administration, Of the totzl dose given, 80 rercent
was in the liver, and 15 perceat in the dizestive tract, pre-
sunably having been released viz the bile by the liver.

It would appear that the distribution of silver between
the protain and cellular constituents of the blood are in dynamic
equilibrium with each cther end this very pessibly is mediated
by the liver. .inother expesriment indicated +hat a light chloroform
anesthesia for an hour in the rat will markediy delay the excretion
of radio-silver, presumably as the result of liver damage. This
effect is of a reversible ciharacter since if the animals so treated
are ellowed to reccver for a period of frcm four to six days after
the chloroform m~nestheciz, the aprarent ability of thzs liver to
excrete radio-~silver returns to nermzl. '

Radio-Indium. Studies have bezn carried out on the distribution
of casrrier-free radio-indius. -In Table II is preserted the results
found 4 and 16 days after zdninistretion of the element. It will
be seen in the cuse of rzdio-indium that considerable depositicn
tzlies place ir the liver, skoleton, and skin. The rathar high
uptake in thz mmsele is niresumably rslated to tha large mess of
this structure. The highest conceutration of radio-indium on a
per gran wet weight basis is to bz notad for the spleen, liver, and
kidney. Zone and the mzjority of the soft tissues, with the
exception of the brain, have compareble amournts of indium presen
at the 4 day interval. At the 16 day inuerval, the highest
concentration of tho indiwum is still »resent in the liver, kidney,
and spleen but there hcs besa = significunt decrsase at this later
time psriod. An aporecisble decrcase is noted in the skeletcn and
all of the cther sol't tissuecs. Zliminetion is primerily by way

cf the feces. This, together with tiae ratnsr high concentration
in the liver, suggests tie possitility thet the bile may be the
chief routs cf exeretion of this element. A nagligible amount

of absorption talies place follo:in: stomnach tube administration.
It is not poscidle to do mors with the datz in hond than assume
the lower 1limit for the absorption and this value is C.l percznt of
the administored dose.

. The most noteusrthy findings from the 64 day radio-indium
studies is the continued and relatively high value of the accumula-
tion in the pancreas which is actually significantly higher than
that at the 16 day interval. There does not seem to be any obvious
sourcs of errcr to ncke this cbservation false, but its explanation
is difficult. The cecncentraticn in other endocrine organs,
notably =2drenals, thyroid, testes, cppsars to remecin rather high.
Due to the small size of she adrencls and thyroid, these observe-
tions should bte tekcn os o guelitative rather than gquantitative
indication. The; are of sufficient interest that it is desirable
to repesat these studies at a higher deszge leval in srder to
establish the point definitely. I it i5 true that these endoerine

l l 15 | 0 8 organs shew this constant pattern of selective locenlization, some
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TABLE II

ThZ DISTRIBUTICH CF CAFRIZR FREE RADIO-IWNDIW!I Il TEE RAT
FOLLO TG INIRMIGSCULAR ADLTUISTRATICN

4 DAYS 16 DAYS

Tissue % per organ % per grom % per organ % per gram
ileart .19 19 .10 ) .12
Lungs .56 37 .54 . 34
Spleen 1.49 1.84 1.33 1.55
Blocd 2.96 15 .80 .05
Liver 13.96 © 1,56 6.69 .95
Kidney 357 1.51 2.46 1.47
Adronals .02 - .08 -
Thyroild 0 0 .04 -
Lymph Gland .04 - .04 -
Pancreas .25 .25 .20 .27
Brain .04 .02 .07 .04
Fot .54 .30 .15 .16
G. I. Tract 5.95 1.09 3.07 .19
Skeleton 16,85 .46 11.46 .24
Muscle 14,71 .12 11.83 A1
Skin 17.86 42 16.38 .45
Eyas .02 .04
Pituitary 0 0
Goneads 1.1 .52 .82 .30
Urine .63 - 4,19 -~
Faces 19.25 - -

99.99 100,00

F115109
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interesting considerctions are immeliately apparent. The fraction
of radio-indiwa absorbed following admiristration by stomach tube is
less than .2 percent of the administered dosc under the conditions
of these experiments, and therefore it may be corcluded that
carrier free rudlo-lndium in the form 1In Cl3 shows negligible
abscrption from the digestiva tract.

Rcdio-Tin. The 1 day intramuscular studies with radio-tin have
Yecn conpleted. This ccorrier-frse rzdio-element is absorbed with
considercbla difficulty from the site of inject.on, there teing
necrly 85 percent of the administerzd dose still ramaining at the
site of injection at the end of 24 hours. Of the fraction cbsorbed
during this interval, 58 percent is excreted, principally by way

of the urine, 25 psrcent deposited in the sheleton, 5 percent in the

kidneys, 6 percent in the nusele, and 4 perce.t in the skin. The
remaining tissues show no very striking degrce of uptale.

Curiurn. The 255 dzy curium stucdies have been completed znd the
dcte summarizad in Teble III. It will be scen that tho per gram
contant in ths soft tissues is quite low znd tlat tie concentration
in the skeleton still romains high. In fact the cpparent concentra-
tion in the skeletcn has 1ot bsen altered to ¢ maasurable desgree
throughout the eatire interval of these studics, for the bone

uptaiie ot one day after intranmuscular injection has been found to
lie in the range of from 18 percent to 24 percent and in this 256
dar expariment there is .22 psrcent of the meterial still in the
siieletcn. It appears probable from these data that the excretion of
curium accumulated in tha skaleton precedcs ot the same extromaly
low level previously observed for plutcnium and americium.

Radio-Cadinium. The one day intramuscular studies with carrier-free
rocio~cadium as shown in Table IV thet this glement is stored in

the liver to a romerkable degres, approximotley 80O percent of the
dosa cbscerbed 1 day following injeetion having been concentroted

in this crgzn. The content in the other tissues was not purticularly
striking wita tha possitle exception of rcther hign level in taaz
edrenals, the paaecrees, and the ovaries. Inasmuch 2s the ovarics
and adrenals arz small structures in the rat, the total activity
present was low. TFor this reason the velues given for thess two
organs should bg considerad of guclitative rather thon cuantit“tive
aceuracy. The four doy studies “showed thot tho high co. toent in the
liver, kidney, cnd pencresas still persisted, nearly 75 percent toing
presont-in tho liver ot this time. Stomach tubz experiments at

8 deys d that .25 percent had bean absorbed from the digestive
troet. 18 is nct an upper limit but is z measured value o

quantitetive significaince. The livaer contant at 15 day was 74
percent whils at 64 days wis well over 50 percent. The high
concentration in the liver does not seam to be the result of simple
entrapnent bty the reticulo-zndothzlial system in view of the fact
that the per gran contont in th: spleen is roughly 1/25th of the
cencontration ia the livor., Ia cdditicn, only ¢ small fraction of
the cecdmium rcmains unabsorbsd ot the site of injsction, which sug-
gests that this cubstance is fairly well mobilized and distributed
throughout tho body by thz circulction in somes solubls form for its
evantual deposition and retantion by the liver. Cf the othar soft

115110
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TABLE III -

A SUMMARY OF T DISTRIEJTION OF CURIUK (Cm242)
IN THEZ RAT 256 DAYS ATIER INTRAIUSCULAR ADMINISTRATION

AS CmCl3
Tissuc : % per organ % por gran
Hoart and lungs .094 020
Splcon .11 .17
Blood .035 .001
Liver 1.09 S .12
Kidnoy ; .47 .22
G. I. Tract L0853 .002
Bono | 22.0 1.36
tuscle .47 .003
Skin ~.090 03
Urinc | 6,03
Fcces 69.5

ANEERN
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THE DISTRIBUTION OF CARRIER FRIZ RADIO-CADLTIULL IN
TEZ RAT FOLLOWING INTRALUSCULAR ADMIWISTRATICN

1 DAY
Tissue % per organ % per grom

Heart .244 .. 338
Lungs .226 013
Splecen 244 .451
Blcod 271 .021

Liver : 77.80 10,19

Kidney 3,93 2.5C
L Adrenals .0439 . .958
+ . hyroid .011 376
Lymph Glznds . 053 .489
Pancrces 771 977
. Brain .019 011
. Fat .021 .041
Teeth .01% .147
Stomach .432 . 301
Smzll Intestine 4,23 .639
Larg: Intestinc 2.50 .564
Bone 2.42 .015
Muscls 1.00 .011
Skin 2.50 .92
Cvaries 073 714
Pituitery .008 ———
nyes 011 .038
Urins . 207 -
.Feces 2.95 -

: . 99.99

FH1s112
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tissues, the pancrcas contains guite a concentration per gram wet
weight of the carrier-frce redio-cadmium, it being exceeded oanly
by the liver and kidneys. It is of intorest to nota that the
skelston ceeumulates very littie of this slemont, bons being less
active on a per unit weight basis than all of the 20 tissues
studied with the oxcaption of heart, muscle, brain, fat, and skin.
Excretion of carrier-free radio-cadmium is quite slow and :rost of
the elimination still continuss by way of the digestive tract. Very
possibly, elimination is by way of the bila although as yet this
point can only be speculative. Exporimonts are now in prograss to
ses thoe effect of small amounts of carrier to deternino if the
presence of inert cedmium may alter the over-cll metabolic picture
of the distribution of this substancea.

Redio-Antimony. Table V summearizes the results of the onc and

four day intramuscular studiss vith cuarrier-frcee rodio-antimony.

It is sean that this s¢lemcnt is rotzined in the body to a rather
minimal degrce. Approximately 95 percent of the dose absorbed cne
dey folloving intr-muscular injecticn was eliminated, most of the
antimony being cxersted by way of the kidneys. The highest
concentrotion per organ, &35 well cs per gram, at both time intervals
was found to bc in th: blood. &fter 15 days it was found that the
only tissues containing accuratly measurzble quantities was the
blood and skelston. The overage conteat in ths blood was 1.5
percent as contrasted to 2 percent in the 4 day interval. 1In other
words, relecse of this radic-elemont from tha blood eppears to be
very slow. This phenoneme is strengly reminiscent of the tehevior
of arsenic in thz rot with th: exception of the fact that thore is
roughly 20 times as much curricr-frees radio-arsenic deposited in tac
blocd as comparcd to carrier~free radio-antimony. After 32 days it
was found that approximeately 96 percent of the radio-antimeny had
been eliminnted, chiefly by iay of the kidnsys. Most of the antimony
re.ciring unexcraoted was presant in tho bloed, there being approzimcotely
1.3 percent of tho administered dose present in the bloecd after this
time interveal,

It is plenned to prapcre and administer much higher levels
cf radio-antlimony in a carrier-free stzte in order to secure enough
activity-in tha other tissuss to permit accuracte determinctions eof
-their eortent of this fissioa product. The interpretation of thoe 8
- day stommeh tube oxporiments with radio-antinony. is rendered difficult
- due to the faet thiat even if & lorge shore of the antimony woero absorb-
ed, it would be excreted within & very short tims and thus not appear
in the various tissues. However, it 1s coparent that an uppor level
of orzl absorption of from 2 to 3 percent may be set. The explcorpation
for this is thect the parenternl administration of carricr-free radio-
antimony is followed by excretion primerily in the urin2, the ratio of
excrction betwesn thae kidnoeys and tho digestive tract belng approximately
5 to 1. Incsmuch as 97 percoat of the moterirl cdministered by
stomach tube eappearzd in the feeos and only 3 porcent in the urine,
the absorpticn from the digostive trcet would eppear te be less than
3 percent. A more guantitative evaluation of this point can only be
;' l ] 5 l l 3 accomplishad by the sdministr-tion of from 10 to 100 times the dose of
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TAZIE V

THE DISTRIBUTION OF CARRIZR FREE RADIQO-ANTILIONY IN THE RAT
FCLLOVING INTRAMUSCULAR ADMINISTRATION

Tissuz % por orgen % per gram % per orgcn % Der gram
Hecort .016 .022 .007 .007
Lungs «304 .103 .239 . .158
Splean .027 .044 .026 .036
Blood 1.91 . 133 £.04 .128
Liver .221 .02% 120 .012
Kidney .123 .074 .065 .032
Adrenals 0 (o} 0 0
Thyroid 003 —— 0] ———
Lyriph Gland 0 0 0 0
Panercas .004 .003 .006 .005
Brain 0 0 .005 . 004
rot .001 .001 .001 001
Stonach .016 .08 0 0
Sm Intestine 071 .009 .030 004
g Intostine .142 .030 .019 .002
Bone .784 .053 .910 034
Ihiscle .140 . 001 .108 .CO1
Skin .133 .004 .087 .002
Pituitary 0 -—- .002 -—
Eyes 0 0 .005 .015
Gonads .005 .004 .004 .001
Urine 80.68 -— 77.45 -—
Foceos 15.42 -—— 18.86 -—-
100.00 160.00

PEIStty
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radio-antimony empleyed, whick is still below the lavel we feel will
produce esither local rcdiation damnge to the digestive troct or
generclized radiation injury to the rest of the body. The major
obstacle to bz noted following toth parentersl and stomoch tube
administretion with larger doses of radio-antimony arises from the
guitzs formidable rcdio-chemical procadurcs nccessery to isolate this
material in the czrrisr-frec state with an edsquatc degrec of radio-
chenieal purity from the deuteron bombarded tin teorget,

Tochnetium, The volatile nature of a large proporticn of the compounds

of tochnotium has presented some nmost sorious obstacles in the assay
work with this substanca. kzny technigues Lavs boen explored includ-
ing several types of distillation procodures as well a8 wet ashing of
tha tissucs followed by co-precipitetion of tho technetium with gold
cnd platinum sulfides., It would cppzer that the distillation tcchnique
cffors the groatest promisce of any of thie analytical mothods employed
thus far, although it has the prolfound disadvantogs of being a very
laborious and time consuiing mothod. The co-precipitation tschnigue
runs into difficulty, since it is nccasszry to subjcoet thoe tissuss to
proliminary wot ashing. It is ot this point thet the excessive loss
of th> technotiwn. tokos placc.

In order to circuavent thess limitations, short term
oxperiments havz been done using thc 110 hour technstium isctope
that omits 50 killivolts gamme rays. Thc distribution of tachnctium
in the tissucs znd exerstz was meosurcd by counting dircctly tha gomme
ray ectivity of the wat spocimons, vroccuticns boing taken to exeludo
eny beta rays or conversion clectrons by mesns of cluminum filters.
Ths incomplote reosults indicate thot this radio-slemont is cxereted
following intromuscular adm-onistration in the rot with an extreordinzry
dogrec of ranidity, thers beins opproximctcoly 95 percent 2liminated
within 24 hours, with th: kidnays acting as the principal channzal of
cxerastion.

Rodio-Actinium, The 1 doy radio-getinium tracer studics have bocn
completed insofar as ashing the somples is concerned. Tha zetivity was
measured together with that of the beta radiation from the short-lived
degcendants of AcX. It should be pointed out that thesce deata can

only bo viewsd ot prescnt cs boing of gualitative significanco inas-
much &% the ocquilibrium levsls have not been established for tho various
descondants of the cetiniwn., These meosurzmants were mads approximately
one month arter the time thet the cetinium solution was administered
which containcd equilibrium cmounts of rcdio-cetinium and actinium

X. Tho proportion of radioactivity administored thot was cccumulated
by tho liver was found 2t the timo of the moosuremcants to be approxi-
mately 20 serzent, cnd the correspending value for “one was 34.5
psrceat.  Altoouga ot the moment & preeise colzulaiiza ef what fraction
of thesc w2lass represonts cetinium itsclf connct D2 rendily made, it
is proiticted Lhict the true levoel of actinium in the liver vill probeably
risc to approximately 60 percent cnd thet of tho skeleton will fall

te £0 porcent. The velidity of this predicticn is bascd on the fact
that the significant froctions of rodio-thorium and AcX still proscat
in the tissue samples from the injected nateriel czre not accumulceted in
the liver to any significant degrec and show a high zccumuletion in the
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bone, since these two redio-elemznts arc isotopes of thorium and
radium respectively. To summorize the situstion, it zappears both on
the basis of the traocer studics and tha roadicesutogrophic experiments
that the cetinium is deoposited following intramuscular injection in
a menner very much like cmericium, curium, and the lenthanide rare
carths.

Cerium. The assays havc bsen comploted on a 256 day cerium experi-
ment in which o group of 3 rats reccived this long-lived fission
product in a carrior-froec state by intremuscular injection. Unfortu-
nctoly, the recovery value, i.c., the frcetion of measured zetivity
from all tissucs and excreta, has been found to be 65 porcent of

the administercd dosc. 2 origin of the errors involvsd are not
apparont. In viow of this lovel of rceovery, which we consider
inadecquate for the quantitative intorpretation of the datz, we will
repceat this partieular exporimont., However, it is of intercest to note
that the concentrcotion of cerium in the skeleton, liver, and most of
the othor orgons and tissues at thiis tinme intcorval, on both the per
orgon and par gram wet weight basis, becomes esscerntially indistinguish-
able from the 256 day detc observed for crmericium and curium if o
corrcetion factor for the cerium dota of cpproximately 1.58 is applied
to compensczte for the low recoveory. ¢ belisve that such 2 corrsction
is probably recsonable in light of thoe fact that the most probable
sourcc of crror was the deteriiination of tho corium content of the
cxercta during the first month of these studices and it will bs ro-
called that it wias during this time interval that most of thoe cerium
was cxcreted frem the body, principally ths liver.

Uranjum 233. The 64 doy intramusculer scrics with U255 hzve been
comploted. Tho m-jor points of interest cro os follows: 9.1l perecnt
of th: administored uranium is found to b npressent in the skeleten

&t tho ond of this intervel, this velue being the average of the
observed decposition in three rats. Ths only other tissue to show

any significznt dogree of retention at this extended timz intervel
was tho kidney with 0.23 percent of the administcered dese. The per
&ram concentration in tho bone, wot weight, is apporently twice thot
in the kidncy. These results ore quite similer in meny rospects to
those vhich have boen observed by other workers with tiiis substance,
notcbly those under the dircction of Doctor Tannonbaum in Chicago, nnd
thc Rochestor group., It would appecr that uranium is not hsléd in the
btonz quite as tightly os othor members of the zctinide series, the
lanthanide elemcnts, zirconium, yttrium, and the two alkaline orrth
members, barium and strontium.

Radio-Zireonium, Complete trocer studies both intromuscular and
stomach {fubc have boen set up with carrier free radio-zireconium. These
ropresent a repetifion of coxperiments donc severzl years ago whieh werce
felt to be unsctisfactory with rospect to quantitative aceuracy. It
was felt of value to estoblish more cloarly tho precise lovel of
accumulotion of this radic-olomsnt in the different soft tissucs znd
the sieleton at varying intorvols after parentorcl administretion.
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gcontominotion 3tudics

Effcet of 2irconiun Citrite on the Distributicn and Exceretion cf

Hexcvalent Plutonium,

Troctment with zirconium eitratce hes been shown to incercase

the urinary cxerotion of Pu, aznd rcducce thc amount doposited in the

skeleton (J. Schubert, Science, 105, 389 (1947), and projcct literature),
It appoars to be one of the most premising decontaminaticon proceduras
thus for propesed.

To study furthor thc cffect of zirconium on th: distribution
and oxcrotion of plutonium an oxporiment wos sot up involving tho
injection of Pu (VI) in ruts. A solution of zirconium citrate (22 mg.
Zr/ml., ©H 6.0) wos injected intraperitoncally into five animels 24
hours pravious to, simultancously with, and ot 24 and 72 hours following
thz injcetion of 28 microgroms of hexavalent plutonium into the triceps
arce of the nnimtls right arms. The doso of zirconium citratc was 6.5
ml./kg. A sccond group of five znimcls was injected with 12.5 percent
scdiwn citrote sclution (5.2 ml./kz.) ot the scme time intorvals. A
third zroup consistcd of cight untrested plutonized controls., All
animals used were adult female rots weighing cpproximatesly 250 groms.,
The animols were mointoincd on stock diet, and were szerificed
on the eighth doy. Urinz and fecos were collocted sceparctely at the
cnd of the first, second and eighth days.

The results are shown in the accompznying toble (Teble VID.
It will be noted that tho scdium citrcte had no apparent effeoct on
the distritution or excretion of plutonium. However, the cnimels
trented with zircenium citrote retcinced only helf as mueh Pu in the
ccrecss, this difference teing ~ccounted for by & moderctc decrease
in the tbsorption from the site of injeevion ~nd & two-fold increose
in urincry execrction. Theso rosults confirm the results obtained
by T. Cchubert. It will be notad, however, thet tho feeol excrstion
was lower in thoe Zr trected cnimels,

Effcet of Zirconium Citrzio on tho Distribution and Exceretion of

of fduadravelont Plutonium,

In these expoeriments the rots used were mature odult femoles
weighing 200-250 grams. Thoy wers maintained on the rogular stock
colony diet throughout the experiment. The dose of plutonium
(quedrovolent) was 28 micrograms in 1/4 ec isotonic saline at pH 2.
It was administeroed by injoetion into the muscles of the triceps
area of the right zrm, or by injcetion into the left externcl jugular
vein, Trecatment consistcd of intraperitoasel injecticn cf o solution
of zirconium citreote ot pE 6, which contzined 25 mg. zirconium per ce.
Urinz cnd feces were colleeted scparntely ond snalyzed for plutonium,
as was the liver, kidney, fomur and carcass, The difforence in the
plutonium content of the right and loft ormc gave 2 measurc of the
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TABLE VI

Effect of Zircopium Citrate ond Sodium Citrate on Pu (VI)

controls(8) Soaium Citreto(%) Zirconium citratc(5)

Unabsorbed in

right amm 47.2+8.0 34.3+6.4 55.9+11.9
Carcass 27.3+4.6 27.8+2.4 14.6+3.8
Femur 1.6+0.5 1.8+40.2 0.6+0.1
Liver 4.6+1.1 6.4+1.6 4.4+0.8 -
Urinc 24 hrs 3.3+1.1 2.4+0.2 6.4+4.2
-48 hrs 0.3+0.2 1.0+0.4 2.9+40.7
8 days 0.6+0.2 0.8+0.1 1.2+0.2
Total 4.2 4.2 10.5
Faces 24 hrs 0.8+0.48 1.5+1.0 0.1+0.5
48 hrs 1.0+0.7 2,5+0.9 0.2+0.5
8 days 7.1+4.5 5.5+1.0 2,9+0.6
Total 8.9 9.3 3.2
Racovery 96.9+7.9 87.0+6.4 91.646.7

(Values given arc cxpresscd as per cent of the odministered dose of Pu
plus or minus thc standard deviztion)
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plutonium remaining at the cite of intromuscular injection. Troatment
consistod of 20-40 mg., zircconium cdministercd 14 hours prior to the
injection of plutonium, z2nd 0, 24, cnd 72 hours following thc dosc

of plutonium. The rats werc scerificed after eight days. The results
aro shown in Table VII. Tho values given are exprossed as percent of
the total plutonium absorbzd from the injection site,

TABLE VII

Zirconium Tr,“tcd
Controls (5 rats) 20 mg. zr (5 rats) 40 mg. Zr (4 rate)

Unatsorbad ot
injcection site .
(% of dosc ot Pu) 77.1%9.6 87.9%.9 82.4%6,7

Percent of absarbad Pu

Urine 0-24 nrs 0.09-0.04 9.6%8.8 17.6&5.9
24-60 hrs 0.4 4.4-2,6 10.4%2.6
60-192 hrs 0.2%0.2 2.6%1.7 2.6%2.6
Total 0.8 16.6 30.6

Foces 0-24 hrs 1.830.9 2.632.6 4.§§4.6
24-60 hrs 0.950.2 1.7%0.8 1.3-0.3
60-192 hrs 4.5%0.4 4,1%1,7 3.3%0.7

Total R .4 9.2

+

Femur 3.0%0.4 1.6%0.9 1.4%0.8
Livor 9.7%1.4 10.5%3.5 11.8%2.0
6. 37 62 %40 48 14

Carcoss 7

These rosults show 2 tremendous incrcase in the urinary
excrotion of cbsorbod plutonium in tho troeted animals, as comparcd
to the controls in which urincry cxerction was almost no"llglble.
Thorc wzs little difforence in fecal or liver Pu, but the amount

doposited in the fomur cnd retained in the chrcnss was less in the
trected rats.

Exporiments were aiso conducted in which tho rats were
injocted with 25 mg. Zr (as citrotc) at 2 1/2, 60 a2nd 120 hours after
the administration of Pu(lV) intravencusly. The wnimals wero
saerificad at thoe end of 7 dcys., Tho results arce shown in Tobloe VIII,
and arc cxpresscd as percent of totzal plutoanium racovered.
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TABLE VIII

Controls (5 rats) Treacted (4 rcts)

Urine: 1 1/2 dcys 1,1%0,3 33.038.6
7 dﬂys 1-21.0 5 4.5-009

Total 2.3 37.5
Foces: 1 1/2 days 6.841.4 7.1%2,0
7 deys 13,4%5,7 10.245,5

Total 20.2 17.3
Liver o 15,5418 18.3%5,2
Kidroy . 2.1%0.8 0.730.1
Fonur 2.9-0,.8 1.0-0.1
Carcass . 57.0%8.8 25,0%9.2

_ These roesults clso show a groat increasc in tho excretion
of Pu(IV) in the urine in tho treatod anime 1s, ond & significant
{throaefold) deceresse in the amount of plutonium doposited in the .
fomur and retoinced in the carcess znd kidneys. Thers does not
appecr to be cny significont differonce in thse fceal or livor Pu.
Tha relatively high velus for thoe liver mcy indicato ths presence
of somo colloidal Pu in the injoetod doso.

One moy conclude thot treatment with zirconium citrate greatly
inercascd tha excration of Pu(IV) in the urino, whothor the plutonium
was administored iantromuscularly or intra vUnously. There wes also a
significant docrocso in the ~mount cf Pu deposited in tho-skeloton
and retainod in the carcess. The offect on urinary oxerction wes
groator with tho larger dose of Zr, suggasting thet it may bo a
“earrior® offoet. Mo sigrnificant changs in liver or feecl plutonium
was obsorved 28 o result of trectment. In the animels injoeted with
Pu intrasmsculcarly, the amount cbsorbed from the injoction site wes
so smell thet only a smell port of the totel administored dose weos
absorbed cnd subsequently cxerotcd. However, in the intraovenously
injoctod cnimels, tho inercased urinary oliminntion amounted to
ovor onc third of tho total doso. This confirms tho results of
the provions cxperiments with Pu(VI) and indicntos that treoctment may
heve 2 very rceal velue in deconteomination. This procodurc should also
be of valus in studying cortcin fundomentel problomes in plutonium
nmotobolism.
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Zffcet of Zirconium Troatment on the Zxerction ond Sody Distribution

of Introamuscular Yttrium.

Trontmont with zirconium citretc hos been shown to incricseo
tho urinary cxeroticn of both quadravalent cnd ‘hoxavalsnt plutonium.
In tho proscnt cexporiment, the effcect on the oxerotion of intro-
musculer yttrium wes invostigated to dotermine whether similar
results might be obtairoed and to test the usefulness of tho onsily
maasurcd beta active yttrium in place of plutonium. Tho isotope
used wes Y90 formed from Srgo, and preparcd freo from thoe porent
strontium. The doso wos cpproximetely 25 microcuries whon injoctod
and conteined 1-2 micrograms of yttrium. The cnimals used wore all
meture femcle rats weighing around 250 groms. Thoy were ianjected
with rodio-yttrium in the muscle of the triceps crea of tho right
aza. Zirconium troctment consisted of 40 mg. zirconium os citrote
inioeted intraporitonselly. All the ftrocted rats roceived zirconium
irmoiietoly after the dosc of rodio-yttrium with £ subscquent dosc
ol zizcorium ene day leter. In addition, the sascond group rcecived
zivcenium one day bofore the yttriwm, while the third group were
given zirconium 4,2, and 1 dcy prior to the ytirium. Fiveo untreated
rats scerved s contrels. Tho animals wero scerificced on the third
dzy followinz radio-yttrium cdministrction and the tissues cnd
excreta were onzlyzed for rodiocetive ytirium. The rccovery was
good in 21l cnsos. Thas rosults cbtoinod, corracted to 100 perecnt,
cre shown in Tablo IX.

Urincry exerction of rodio-yttrium wos markedly incereased
ir nll ths trosotcod cnimels, indienting an effect similzr to thnt
ottoined with plutonium., Howover, piior troctment with zirconium
did not cppezr to onhnneoe the exerstion, sugicsting thzt the offact
is not dus to scturction of bonc groups with the motal. Th: feeol
climination was considerzbly roeduced in the zirconized onimals, but
the ovor-cll oxcretion was still much greetor than in the controls,
This was 2s8sociated writh o roduction in the zmount of yttrium
rctained in tho carcass ond skeloton, although tho offect hoere
wes not o8 great as hes bson obtained with plutonium.

In conclusion, 2zirconium treztmont appocrs to have the
samc offget on reodio-yttrium 2s on plutonium, the most striking
fronture being the groat increase in urinory oxerction. This ox-
porimant suggests thot tho offsct is not due to szturation of beno
groups with zirconium, but mzy bc due to exchange with yttrium in
beno, ‘or to a "earrior” offect. Asidc from its petential value

in decont-minction, zirconiwm troctment should bo of great value in
studying the fundamontal motcebolisi of taese motals in bonc.
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TAZILS IX

THZ EFFECT OF ZIRCONIUM CITR.TZ TREATIENT ON TLE
EXCRITION AYD DISTRISUTIC. CF niDIOACTIVE YTTRIW  (Y90)*

Each ret givon 40 mg | Exporimentcl Groups
zr at oach troatment - o -
. Control I I 111 ;
b= —~ LTI LI UND SN SRR T DT —T-_.-'::_—_.:— ,__..____I- i - : =
Numbar of rats 5 5 5 5
—
Time Zr Adnministored
Relative to Y% In- nono 0 Timo i -1 dz -4, - 2,
joetion 1 Dny o 0 Time - 1 days
1 day 0 tino
1 doy 4
' % Unabsorbad ot N RS
Injoction Site . 37.5 t2.1 32.2% 1.4 {24,8% 2.8 1 30.1 % 3.8
+ ———— ..
% Corcess 29.9 £ 10.1| 16.9 £ 3,1 |15.8 ¥ 1.8 21.8 £ 3.7
% Fomur 0.7 < 0.1 0.4 =~ 0.1 0.5 ¥ 0.1 0.5 * 0.1
% Urino 8,4 % 1.4 41.0 ¥ 2,9 |46.2 * 2.4 26.8 9.6
% Foces 19.8 £ 7.6 8.3 £ 0.9 j11.9 £ 2.6 19.3 £ 8.6
Total Exerction 28.2 £ g.6 49,3 % 2,5 {58,1 = 3.2 | 46.1 t 2,9
i !

*Values given are oxprossed cs percant of tho doso of radio~yttrium
‘recovored,.plus or minus tho standard deviction.

e
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Effoet of Local Trectmont on thu absorption of Plutonium (VI)

from Intromuscular Injection and its Subscoucnt Distribution and

Exerction.

Since o number of coxperimontal conditions had beon found to
cltor tho cbsorption of intramusculerly injceted plutonium, it
wes decidod to invostigoate the effect of loezl troctmont of the
region of injection with cystoinc, zireconium citrate or sodium
citrote. Adult fomclo rots woro usocd for tho oxperimecnts. The
trectmeont consisted of intramusculzar injcetion of 1 ce into the muselcs
on th2 postoricr surfzece of the right arm. Tho canimcls were divided
into throe groups.

I. Controls: 1 cc isotonie (0.9%) sodium chloridc.
II. Cystoine: 1l cc of 2 0,28 solution of cystoeino hydrochloride,
III. Zirconium citrcte: 1 ce contcining 24 mg Zr os citrote.

Fiftcon minutes later, tho animals were injeetcd in the same aroe
with 1/4 cc¢ centcining 14 micrograms Pu(VI) at pH €. Urins cond
fcoees wore collaocted sepercately cond the rots wore scerificcd after
4 deys. The results arc shown in Table X.

As wias obscrved carlisr, loenl tractmont with cystein
oppaars to reducce the cbsorption of plutonium from tho injeetion
sitc, possibly by rcducing the hoxevaleont to the lass soluble qucod-
ravelent stote. Both sodium citratc ond zircozium citroto incrocnscd
the absorption from thoe injcetion site, the lattor also cousing a
sharp increasc in urinory oxerction, vhilo the formor inerceascd the
foesl climinotion of plutonium. Tho possible valus of thesc pro-
ccdurcs in treatmont is still rcthor questionzble end open to further
invostigrtion.

Rodio-Chomical Isolation

“A mothod was dovcloped for the scporction of radio-cnleium
- from a agendium torgot. This mothod consists of repoatod procipita-
. tions of*emleiun flouride, crried by iron flouride with cmonium ‘
" flouride, tho irem flouride soparctod by repoatod extroetion with
cthcr. This procedurc for tho soparation of rcdio-caleiua is
difforont from th: method dsvelopzd by the Clinton Laboratory but is
net neceesscrily bottor,

Radio-cadmium was oxtrzcted from o silver target by o
methed reportod in thoe litoraturs for the seporation of micro gucntitics
of cadmium from maero quantitics of silvor. This consists of complexing
the silver with cmonium thioeysnate, thon sxtroeting this solution
bufferod to pH 5 with pyridine-chlorcform solution. The 1lost traces
of silvor arc romoved by further extraction with dithizonc recgent.
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TABLE X
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FFFICT OF LOCAL TREATUENT ON TH. ABSORPTICH AND DISTRIBUTION
CF PLUTONIUX (HEXAVALENT) ADIINISTZRED BY INNTRAMUSCULAR INTECTION

III. Citrcto IV. Zr Citrcte

Group - I. Cortrols II. Cystcine
No. of rets 5 4

Uncbsorbed Pu

at Inj. Site 39.1 * .32 55.1 % 6.1
Excrotcd in . .

Urinc 4,3 X 0,7 2.9 £ 3.0
Fceos 4,8 £ 2,2 2.4 0.7
Deposited in . .

Fomur 1.5 0.3 0.9 £ 0.1
Liver 4.3 £ 0.6 2.7 £1.0
Carenss 24.8 £ 5,1 14,9 £ 2.7

Values given ore porcent of dose of Pu &

F115124

4
1.2 £ 13,6 18,1
4,5 1,2 14.6
12.5 = 7.4 5.6
1.9 ¥ 0.5 0.6
5.3 = 1,7 4,8
33.7 = 10,2 14.2

Standard deviction.

I+

1+

(K3 1+

I+

7.1

7.2

1.8

0.1
l.8

1.6
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The codmium is romoved from tho silver ot o f of 3, the dithizono
having been disolved in chloroforn.

A molydenum torget was bombarded with epproximately 105
micormpores of deutorons end allowed to doccy for 4 days before
milling off thc top active component. Approximately 1.7 grams of the
motal millaod from the target was disolved in squa regim ond eveporcted
z2lnest to dryness, Tho residuc wes disolved in 5 ml of HsPO and 15 ml
HClO, cdded. After tho mixturc wes heated in an oil betid t% 200-210
dogrsos, tcchnetium was distillod by dropping 20 ml hydrobromic acid
into the mixiurc with a stroam of carbon dioxide. In this monner
epproximctcly 275,000 counts per socond of technetium was obtained,
identifisd 2s thoe 110 hour hzlf-life isotopc.

A sample of radio-zirconium and radio-columbium was
roceived fror Cck Ridge. This wos assayed and eon aligquot containing
approximatoly 4 millicurics was utilized for separction of tho two
compongnts. cparction was accomplisiod by uso of scloetive absorption

' of columbium on knOp in 10 N HiNOg, the HnO% boing formed by oxidntion
t

of mongenous ions by potassium ehlorztc. wes dotermined that tho

seme high poreontoge of scooration was obtained by addition of

mengancse dioxido to the 10 N Hil0z solution end hocting in a weater

both for 20 minutes. Two sonarctions of this type wore made. The acmount
of activity found in the zirconiuwm fraction zmounted to approximatsly

50 percent of the total activity. '

Plans arc being mado to use ion change columns for the
isolation of rcdioactive rore carths in tho carricr-frooc stotoe.. This
proccdure is to bo cmployed for the prepcroation of cerrier-frec rarc
earths oxtending from gedolinium to lutecium following eyclotron
bombardmont. Th2 purposc of preparing =nd utilizing radiocctive corrier-
froe rorc oorths is to observe if the graducl chonge in the chemieal
proportics of successive members of tho sories is roflectcd in the
metzbolic pottora of such substances. It is of perticulzr intercst to
820 whother tho high livor accumuletion znd rcdiozutograpinic pottern
notsd with lanth:nido group of rarc carths continues with the socond
helf of tho rore earth sorics. '

_A short bombardment of ebout 10 microampero hours was mado
on o ruthonium target fcr the purposc of studying yiolds of rzdioactive
cloments obginod. Proliminary studics indiecate yiclds in doerousing
amounts of radio-rhodium, tochnetium, and radio-molytdcnum. Tho yiosld
of molybdenum is very smecll,
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. II. BIOLCGICIiL STUDIES OF RADIATION ZFroCTS
J. He Lawironco - in chargoe

. Projocct 484

Lethol Effcets on Mics of Fost Weutrons from tho 184-inech Crelotron

R. Lowry Dobson

Preliminery oxporiments dosigned to tost tho biological
offcetivness of 90 Mov noutrons avoilscble from the 184-inch cyeclotron
bocm have been corricd out, using mice as tost objcets and lethal
ccticon 2s the phenomenon locked for. Bagg albine nico during oxposure
woro confined in ventilated compartmunts in 2 woodsn cige, surrounded
on all sidos but the bottom with a thrac-inch thickness of poraffin
slebs. © The coge was placed dircetly in tho boecm insids tho concrete
shiclding of the cyclotron cnd opproximateiy fiftcen fuct from the
sourcc.

Since primeory intercst wos given to tissuc doses which would
be delivered to internsl rogions of the body of 2 larger cnimal if
exposed dircctly to the becm, tho poraffin slabs wore pleecd in front
of the mieo in the path of the oncoming beum and around the ccoge in
order to cssurc an equilibrium donsity of sceondzry protoas inside
ths cxposurce chamber. Ionizotion mcosurements wero mode with a 285 r
anéd 2o 100 r Victorcen thimble chamber insidae th. eago. 1) Horee the
ionizction moasurad, ond the ionizotion to which the animcls were
sutjoctod, was dque olmost entirely to the sccondary protons produced in
tho poraifin, Loovingorz) kas recently studiod the problem of meosur-
ing thc tissu2 doso of 90 Mov noutrons; our experimontnl sct-up and
dosago coleculations have mado usc of his dotz.

Mice were cxposed to vorious dosos given at various dose rates.
In oac cxporiment five groups of six enimals cach wors oxposed, at a
rate of 1,068 rop/hr, to dosos varying from 445 rep to 815 rop. 100
- percont mértality in 45 days wos found in tho group rocciving 815 rep;
the LD 50/4%5 days was found in two groups recciving 625 rop and 715 rop |
rospactively. Nono of the animeols in the lower dosc ronges dicd., If
the 1D 50/45d fcr this cxporiment is tnkon to be 670 rop, the corrcspond-
ing ncutron dosec mcasurcé in “n" at the outer surface of the paraffin
wes 238,

1) Therc is some question aos to whethor or net the collocting voltoge
: in Victorasen chnmbors is lorge onough to 3ive saturation currents
undar the conditicns hich sbtained during thesc bombordments.

This point is being t.ostzd furthor.

2) Leevingur, R. BP-139, October 21, 1947.
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: ] In another experiment, when two groups of 12 animels each
wore exposcd to 715 and 880 rop respectively given at o rate of 318
rop/hr, the LD 50/45d was found to lic somewherc between tho two
dosos; 25 percent and 92 percent mortality were found in the repective
ETOUpS.

At the still lowor dose retc of 164 rep/hr, given to six
groups of 25 eninls cach and cmounting to doses varying from 660 rep
to 1,320 rep, no significant differcnccs in mortality which could bo
attributcd to the rodiction were found among the verious groups. The
mortality in the group receiving 1,320 rop wes only 12 percent in 100
days; tho mortality in the group rocciving 660 rop wes 16 percent.
Thus 2t this low dosc rato the anim-ls withstood 1,320 rop given
(tcking into account the five rest periods of cbout 10 minutes cach for
thc romovcl of the animals rocciving lower doses) in ebout ninc hours.,
This dosc would corresvond to 470 n if thc beam hed boen measured
outsidc of tha pornffin.

Although the numbers of animals wore not large, theso
preliminary oxperimoents scem to indicatc o largoe time-dose relation
feetor in the lcthal cetion of hisgh cnergy noutrons and their sccond-
ary protons.

This work noods ropctition and chock, 2and is being continued
with furthor studios on dosacge measurcmont and cffects of these radia-
tions on 2nimnls,

We are indcbtcd to Dr. B. Moyer and his group for thoir
help cnd adviec in theso studics.

Lothil Effects on Mice of 180 Mov Deutcerons from the

184~ inch Cyclotron

C. A. Tobias, Petriele Weymouth, R. Lowry Dobson and Hel Anger

: =~ Tho firat biological experiment with the dircet boam of the
184 inch. eyclotron wes cn attempt to determine lathal offect of 180

Mov dcoutoPons on mice. The cxperimont was designed to domenstrate the
timc of dcoth with « wide ronge of descga. Swiss mice were divided into
5 groups of 50 mice each. The groups received the following approximote
doses: I, 100 rep; II, 330 rep; III, 1,000 rap; IV, 3,000 rcp;
control, 0. Ezch of thcso doses was delivered in less than 1 minuto.
The control mico wero transpertad to the cyclotron site and kopt with
the oxperimentals throughout the run and were, thercfors, oxposod to
the same tumperature chhngu end background 1rrud1_tion as the experimente-
2l animels,

Vithin 10 days after bombordnznt, 211 znimels in groups III
and IV died., Variztion in lothcl effcct betwecn tho two groups was not
lifgfﬁf}ffnﬁ, although thorc was a tondency for a slightly slowor death
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roto in group III. No cnimels heve yot died in tho other groups (30
days sincc ecxposurc).

The overcge weights shovod o marked drop of over 5 gms. for
grouns III and IV in tho first 3 doys aftor troctment. In Group II
th. weight loss ot 3 deys woas about 2 gms, and in Group I, 0.5 gms. The
anincls of Group I regnincd thoir origricl weight in the period of onc
week, while thoso of Group II aftor 2 wiccks time wore still 2 gms.
boslow their orignicl weight,

Tha waite blood ecll count of all groups showed & very
markcd dro» in tihc first 24 hours; rcturncd to normal in 3 doys in
~Greup I and romeined depresscd for et loast 10 dcys in Group IX. The
rod blood ccll count wes not cffueted in ony group. The work is being
continucd. : i

i'o aro indebted to Dr. B. lioyer and his group for thoir
holp and edvico in the coursc of this work.

Rato of liotabolism of 002

Farijen Jones, M. Cclvin
C. Feidelberger, Glenn Sheline

ha rates of motcbolism to COg of adninistored rodiocarbon-
1labolod zcotote, glyeino, glucose, «nd tyrosinc have been studicd.
Following intruvenous administrotion ccch substznee has its character-
istic ratc of oxidation. Th2 CO, prcducticn is in twe rate dotormined
parts a "ropid rato" phasc cad o "slow rate¥ phase. It is belioved
that tho ropid ohaso coincides with oxidation of the substeoncc admin-
istered whilo the slow phosce is oxidation of other substonces which
heve been deorived from th: lebiled compound rdministersd. The time
constaonts of oxidation crs indicative of the rote of utilization of
the pool of stubstzncos which arc in metabolie egquilibrium witn tho
lnbcled substoneo. The following tim> constants cro listed for "A" -
strain mico: -

Ky (minutos) Ko (minutes)

" ACETATE .
. NCRUAL 0.062 ¥ ,008 0.0046 % .002
T TUMOR MICE 0.070 £ 008 0.0051 ¥ 0013
LYCTKE . .
NORAL 0.0456 £ .008  0.0018 - .0008
TULIOR MICE 0.040 ¥ .006 0.0028 * .005
GLUCOSE .
1-NCRMAL 0.028  mme-- ?
1-TUMOR MOUSE 0.034 0.0054
TYRCSINE

3 TUMCR LIICE G.0073 0.C0014

1115128 (Po0LED)
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Thoe rotos of oxidation nppcar to bz charnctoristic for
cach of thoe cbove substances aud there arc not obvious or significant
difforcencoes in tho motobolism of these subst-necs in normel and noo-
plastic znimals.

Furthor Experimonts Conceorning the Eiologicnl Effcets

Duec to Urcnium Fission

P. Weymouth and G. Tobins*

Purt A .
Alpha Particlc Radiozutography

In provious progress roports (soco Monthly Progress Roports
for Moreh nnd April of 1947) it wes domonstruted thot U0, colloids
of .15 micron avercge particle diamster crs mestly tcken up in tho
liver and splcen with 2 small frection of tho colloid, 2-5 porcont,
boing found in the bone merrow. The distributicn of the colloid was
furthor studied by mezns of radio~utography. Ono mouso was saerificed
24 hours aftor I.V. injocction of 2 mg. of tho Uly colloid suspondcd in
«33 ce of 5 porcent glucosc. Ton micron undcealeifiod scctions of
fomur in ceclloidin woro propored for us by Dorothy Axclrod. Theosc
soctions wurc pluced on Ecstiicn alpho particle plotes undor water and
tho plates oxposod for onc month pariod.

- Although tho stoining technigue has not yet been proporly
dovsloped, thc scctjonr showod that most of thie urcnium was deposited
ir th. morrow, ir the shaft of the bonc, znd in tho opiphysis in the
zeros of ossification. Ia thoso arcas, tho uranium deposition wes
hoovy onough to give star formction. In cddition, single alpho tracks
appecrod i: the cmulsion throughout tiic aron which had bocn in
contact with the bony metrix, indiccting & uniform distribution, but
low concentration of uranium in the bore itsclf. Ono or two stars and
a fow singlo tracks wore rnoticod originating from tho poriostoum.

Tho work is boinz continuod with a viow to furthor identify the
microscopicnl distribution of UOs iu bonc marrow,

Port B

Compzrctivas Effcctivoncss of Beta Roys, Alpha Rays, and
Fission Rceoils

We proviously reportod (Monthly Progress Rouport for April,
1947) that the lothel offoeet of phosphorus betn reys from tho phospheote
colloids reguirad about 27 timos tho dose roquired for lethzl offcet
fron fissior rccoils of U ;5 from U0y colloids., Thc basis of tho com-
parison was not too good because tho uranium colloids had o slightly
difforont distribution from thc chromic phosphate colloids. Rolativoly

* {jith the tochnical assistaice of J. Lucc znd €. Trogillis
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more UO, was taken up in tho bonz marrov. Thae betz ray part of the
exporimdant hes now boen ropeated with UX, 2nd UY, in thoe form of
TICg colloid obtained from Zok Ricégo os 1 %wr-pmoduct of the megnotic
gseporation proccsss of urcniam, The samc prrbizloe sizo colloid Ies
uscd ¢s in tha caso of the TG,, ond the dlistridution in tho body was
fouri to be rnoeorly tho sann. “Tovle XD oshouws typical distributioncf
both boz 20d Tbuz in oico cng ond Tan GRS aftcr injection, Fifty-
four mice received 133 nicrocuri.s cach of UL, 2.d U4 All of thesc
animels dicd, the meca poricd boiug 1é doys. ‘Thcy wU%o obsorved
continuvously.

Post mortcm findings worc oo follows:*

Spluod, unifermly snall 2:d dark; lung, ofton congoestud
Liormhngic; liver, occasionally pzls; o ot’cr tissuus normsl;
secro~-stnguinous fI1Aid in thorceic wand poritonocl civitics in 4
CuSuS- Eistological sccsicus shoucd: testos, poaercas, lymph
nodcs, cnd air“:‘ﬂ gssonticlliy ncgotivo; L;Qggr varizkle
degress or congc tion rarticularly of th: glomoruli aond gronular
swelling of tho colls lining thv tubulzs; lung, voricbhblo dogrees
of ccagestions; humcrrhuav, cdema cnd ceuto inflonmntion usuzlly
onfizned to the intcerstitinl tissuc; splocn, 2trophy, fibrosis,
denletion of lymphocytus o .i diopesition of motorisl within tho
mzerovhoges vhich scomed to boe inmeroasol in numbor; liver,
noerotic cha:ges includicg loss of eytoplasmie detzil, pyxnosis,
and karyorracxis usuzlly confinced to the mid-zonal region but
oceasionnily oceupying clmost tha cntiro lobul., 2nd in somo
instznees, d4iffuss iafiltrotion with polymorphonucloer cclls.
Blood culturcs from 18 mic: yiclded rother uasctisfactory ro-
sults, but only two ware sterilo. Of the 16 whiech showcd growth
213 but 2 contoinod orgnnisms suggestive of breturinl invesion
of th. blood which moy toke plrec s oarly os 2 - 4 hours bolore
docth. Wre two culturcs which were indicctiv: eontuined
alronelle typhi-murium zad Stroptococcus pncumonice. Wo oro
indebted to Dr. A. P. Krucger whe cxaminod the eulturcs. The
mice lost weight continuously (sco Fig. 1), the cvoercge woight
loss &t 10 deys boinzg 6.5 gms. Torminzl blcod counts, token
1/4 to 4 hours prior to dcath, on 19 micc showcd marked loukoponia
cnd anemic; tho average whitc blood coll count was 2,600/cmm,
averego rod blood coll count 3.83 x 108/cmm (sce tcbls XI1I).

Thoso cxtonsivo dato serve to show thit the mice probobly
dicd of redictics offcets with the possibility of scecondary infceticn
such as mousc typhoid or prcumcaia particulcrly vhure the blood culture
snowed those orzconisms. The SﬁuOtOﬂS prior to doath, th: post-mortom
plcturc of dcoeroasod sploon sizo, homorrhoge, tdg llv*r cnd splcon
histologicol changes (histologiccl chonges in tiic kidacy mey bo
partizlly the rosult of < smell dose of solublc hoovy mutcl, but the

* e arc indecbt.d to Dr. Paul Roschr for holping with the mieroscopic
cxaminctioas,
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TYPICAL DISTRIBUTION OF U /ND Th AFTTR I.V. INJECTICN CF
COLLOIDAL U3, 4D ThC

(Averaze particle diameter approx. 0.154)

Material - o, ThO,

Days after Inj. 1 day 10 days 1 day 10 days

Tissue % Injected Amountl

Liver? 62.0 77.0 . 86.0 83.0
. Spleen® 22.3 14.0 2,0 5.0
! Kidney 6 0.5 | 0.2 0.1

Lung 1.0 0.9 0.5 0.6

Gut 1.0 1.0 1.0 .9

Carcass” 6.7 5.3 9.2 9.9

Urinek 0.06 0.3 .02 .06

Fecesh 0.3k 1.1 .08 A

1. The observed values were slightly adjusted proporticnally to add up
_to 100%.

2, 1liver and-spleen values differ in individual determinations from the
average: given here by about 7% r.m.s. of the initial dose.

3. Including muscle, skin, skeleton.

4. Total excreted in 1 and 10 days.

LE1513y
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T ERMINAL BLOOD COUNTZ COF I{ICE AFTER INJECTION OF UX,

Mouse  "BC RBC Platelets Wt. Approx. time
No. x10°3 x106  x10°3 gns . before death, hr.
e 4 .60 1.29 110 14.5 11/2
9 10.5  12.38 21,0 18.0 0

11 1.35 2.64 110 15.1 21/2

12 1.05 2.07 110 - 2/3

15 1.00 3.63 21C - 11/4

18 2.75 2,28 . €0 19.1 Y2 ¢

19 2.35 2.94 250 20.2 0

20 2,60 3.28 270 17.6 0

22 1.20 4.05 220 12.7 3/4

23 1.75  6.68 390 19.¢ 0

27 5.35 3.72 350 17.2 0

28 2,05 2.87 130 18,9 1/2

29 1.05 2.05 120 - 0

30 2.40 5.18 220 14.9 0

33 1.40 . 3.55 35C - ca 8

34 0.75 5.64 650 16.2 1/k

35 1.90 e 310 17.5 1

36 3.15 3.07 410 - ca 2

37 2,20 1.69 90 - -

AVERARE 2,60 3.¢3 242 17.5

Normal 23,7 9.9¢ 25.0

avg.

1115137



UCRL 41

Y-

domago wes insufficicnt to contribute to leothcl offoct) =nd the lcuco-
ponia cnd ancmie cll point to ecutc radiation offocts.

In cddition 2 sccond preperation of UX,, as colloidal ThO
(0.1 mg) was injocted iatrovenocusly in o volumo o} 0.2 ml. or loss iﬁto
twe furthor groups of mica., Thoe first group, consisting of 10 nmico,
roccivsd 128 ue, and 6 dicd in 7 wecks. Tho sccond group, 25 mice, ro-
ccivod 64 pe ond only one diad in 7 weoks, the longth of the cxporimout
to d=to,

It appeors that the lothal offccets thot occurad in the first
Zroup of mic> that roccivod 158 microcurios of UXy werc quito similer
ia timc of zppocrancc to thoso thet occurcd aftor irradicting mieo
which contcined 2 mz. conrichod uranium with slow ncutron boams. The
s2c02d group that reecived 128 microcurics dicd in e rathor similer
foshion to onc of tho uracnium control groups in the exporiment cited
cbove, The figures thus obtzined mcko 2 new comparison possiblo
botween tho sffoctivenoss of 2lphz roys, boeto roys and fission roecils.
It is still cquitc cpparsnt thot Tission rdcoils arc more cficetive in
producing lethcl offects then elpha =2nd boto rays. The numerical
results ore listod in Teblc XIII. It appoars thot lothal effect on
Bmgg clbino mice mey bo cehiocved by betz rays only if about 22 times
th. orergy cquivcleont doss is givon to thoe liver (preoviously we cited
27). Tho same fretor for comperiug alpha particlas cud bota particlss
cppacrs to bo zbeout 10, ia good cagroomuat with other dotorminctions.
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TABTE XIII

UCRL-4L1

CO: PARATIVE DOSES RECEIVED 3Y LIOUSE LIVZRS I ILETHAL IXPIRIMENTS

re - vy - . - rn - .
WiTH BETA, AP, RADIVTICT /1D FIS3IOW

Mode of ’ Rapid lethal effects.
Irradiation Mean time of death
approx. 14 days.

Slow lethal effects.
Mean time of death -
apnrox. 35 days.

Enriched Uranium235 +

neutrons., 3,700 rep
Aorrox, 85% of radiation

withir: a 'few hours

p32
Irradiate continuousl ~100,000 rep
Beta rays . .

~100,000 rep

'UXl + UX2
Irradiete continuously ~ 60,0C0 rep

Beta rays

~95,000 ren

Enriched uranium alpha
particles -

-~ 9,800 rep¥*

* 130 rep in bone marrow

1113135
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III. BIOLOGICAL ZFFSCTS OF RADIATICHS FROU EXTZRIAL AND INTERNAL SOURCIS
R. S. Stone - in charge
Projicet NDP-4£C

UNIVERSITY OF CALIFORNIA MEDICAL SCHOOL

Administrotion

This projoct, startaed on OSRD subcontract to tha University
of Chiczgo, hns continucd to the present and is now purt of the University
of Colifornis program for tho Atomie Znorgy Commission. Iarly roports
ware published ip the CH roports from the Univorsity of Chicege. No
scicrntific roport hous previously bicn meds through tho Radiation
Leberatory zrnd hene . the prosent progross roport is somevhat genoral
in ncotur:, th. ottespt being to bring thoe roadsrs up to dato on whet
has taken place in th: past. Future prograss roports will be samowhat
rore specilic and detailzd.

Doctor Low-R.or has beon continously in charge of the program
involving th: humatologicrnl offcets. Ho wos assisted by Miss Jing os
leboratory tochnicinn up to Cetober 1947, Iiss Jing has becn raoplaced
by Iliss Annz Poulscn who has boen with Deetor Low-Bocr sinec Scptomber
1947. Yony other docteors ané tcechniciens nided in this work insofar
as tho elinierl side of the prtionts earc is concorncd. The particulaer
homotologiccl problems hove boon discussed with difforent homatologists,
but cspceiclly with Doctor Poul Azgelor.

Doctor Millor startced tho sccornd soction for the study of radio-
iodinc in 1946, boeruss of thoe prsvious work with iodins et the
Uriversity of & lifornic Mudiczl School by Doetors Scley, H milton and
others, and the knowlodge goinod praviously orn radictiecn offoets by
Doctors Stono, Low-Eoor, ote. Doctor Miller hus had the toechuaical
assistoned, succossively, of Miss Silri Morkknnea and Mr, Harrold Brook
Knowles,  Jr. sinco Wovembor 1946. He has hicd the profossionel cssistcace
oi Doctor Madin. Foromon. o have onjoyed the cooperction of tho
tochnical ond sciontiTie st2ff of othicr parte of tho Radistion Laborctory;
they have part-time sccretary to the Projuct wos Mrs, Alies Bonnott,
thon, for o time, the saerctnry of the X-rcy Departmont, 1iss Zlcone
Bogdenoff took on the rosponasibilitics of scerctory to 18«C.

FET513b
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Hematologienl Effccts of Totcl Bedy Irrcdiction

Frem zZxtorncl ond Interncl LHouress

BlVlAc LOW-BJCI'

The objoctive of this project hos been to investiguto
tho affoct of thercopoutic descs of ionizing radintions on tha blood
cloments of humon subjoets. Poticnts sclected for this study were
thosc whosc disocsc roquired thercpoutic irrcdisction of tho cntire
body. Tho paticnts werc soloctod for troctment with rcdictions and
so traatad by physicicns on tho staff of the University of Cnlifornic
Medienl School. Advontoge was tzkon of the feet thnt thoy wers boing
80 trocted to obsorve the offocts on their bleood picturc.  Tho clinieal
conlit:on was follcwed by thoir physiciane in th: usuzl coursc of
ovents ond is not reportod hero. X-roys produced by cloctrieal
potuntizls of 100 kv, 200 kv and 1000 kv were uscd for oxternal rodiction
c2d prdiozetive phosphorus wes used o8 o sourcc of iaterncl irrcadiction.
From th. incoption of tho projoet -in Octobor 1942 to Junc 1946 twenty-
ipine noticnts tronted with cutornnl x-rcy irrcdiction were studied.
Two potionts were trontod with doily doscs of & rj 5 pationts with 10
doscs; 17 pationts with 20 r doscs; 2 patisuts with 15 r doscs; 1
potiont with 30 r ~nd 1 poticnt with 50 r deily doses. All moosurc-
rents wars modo on tho siiin. The truntriont course vericd from S to
¢2 doys. Thoe total body cxposurcs variod betwoon 100 r cad 390 r
(skin), 3C0 r buing the most froguont totsl. The caleulatod dose in
ths coutar of the body varicd sfrom opproximetely 60 r to approximatoly
200 r (tissuc).

Studics izncluded dutorminctions of homoglobin, rcd blood
ccll count, white blood ccll count, plotelet count, difforentinl- count,
lobrticen index of polymorpheizuclocr nceutrophilces, stornnl marrew
studize, protarombin time, sedimontstion rzte, humctocrit ond ictorus
index. Tho obscrvation period oxtoilcd from ons to thruc yocrs follow-
ing tro-trocot.

The most consistont ehi~inge notod wos o zbsolute ~nd
relativo doeruzsc in thoe nutber of lymphocytes folloving troatmant,

- irrospoctivo of sizs of th: dosc rnnd of physiczl factors of trottmant.
‘Such doorcescs werc followod by recovery during the post-treotment
pecriod.  Meorked fluctuation in totzl whitc blood cells and noutrophilo
counts wore obsorved froquently during the treatmnent poriod, but these
could not ba corrolztod with the sizc of ths dosc and physicel foctors
of trocatmont., In the post-troatnont poriod fluctuctions occurod
in the numbor of polymorphomuclcar c.lis of 2 significont numbcr of
paticits who had boon troated with 1000 kv gonor-tod x-rays, cround
60 days aftor conclusion of trcatment. A loft shift of tho polymorpho-
nuclear nocutrorhilcs was obsorved in the ninc patisnts in whom this
factor wons followasd. This shift ocecurred without relation to tho total
polymorphonuclaar ccll count. Monceytos showed morkcd lability which
w23 reloted to the size of tho individuel dose. Pationts who received
individunl dosecs grooter thrn 10 r showed inercascd mounocyto counts
as 2 gowneral pattorn of fluctuatien during treotnont cnd in the eorly
post-trectmeint poriod. In the latcr post-trontment peried thoe monocyte
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count roturncd to pro-irradixtion valucs,

The crythrocytce count cnd homoslchin occusiontlly showed
a significant deerecse during ths coursc of troctmont. This was followed
by rccovery to pre-irradizticen lovels in the carly post-treatment
pariod. Charzeteristiezlly, in ths leto post-trectmont poriod,; around
250 dnys oftcr conclusion of troatmont, thore occurad 2 tamporary
dcerease in crythroeyte count, accompenicd by a rise in homoglobin.
The picturc ot this time was once of macrocytic hyporchromic ancmiz,

Platelot counts, storncl marrow studios (ninc pationts),
prothrombin time (ninc paticnts), scdimontation rate, hoematrocrit and
ictorus indox showed no signifiennt changes which could b2 ettributed
to x-rcy offcct.

From July 1946 to Docambar 31, 1947, 31 paticnts wore

studicd. Ninc of thssc petients bolonged to the group tronted in

the poriod October 1942 to Jurc 19468, Throo poticnts were troected with
100 ¥v x-rays, ~nd 19 pationts wors troatad with rodioactive phosphorus
given introvenously. Of the patients trested with x-rays, onc received
dnily doscs of 20 r (skir); thoe two otacrs reecived dcily doses of

10 r (skin%a All raecived total doses of 300 r{skin). Tho total

doses of FPY* varicd from 3.5 to 8 millicurics given in wockly fractions,
The highozt single doso given wos 2 millicurios,

0f tho ninc peticnts who hed beur troated in tho poriod from
1942 to 1946, 4 showed nmarkodly nighor hemoslobin lovels (opproximatoly
plus 30 porcont) during this lots post-oxposur. poriod as comparcd
with pro-irradistion lovels, Tivo of theso potiocrts showad markedly
doercased platelot lovels 2 compored with pre-irrcdiction valuos, No
othior significart changes were obcerved in ony of tho ning poticnta,
It should be notisd that =1l blcod counts during the entirs peried of
obsarvaticn of thoss ninc poticats wers mnde by the some tochnicizn
ané with no enrngs ir mothod or technique.

No significant humctologiczl changes have beon noted in
auy of tho throe potionts treoted with x-reys during tho cbservation
period, oxcopt for a vory trousitory doerazsoe of lymphocytes shortly
arter conclusion of troctment. This occurcd in two of the potionts,

Fourtecn of tho 19 paticiuts treated with P32 have boon
followed fax 2 lonz crough tims to permit comments on the cffocts of
the rediatidng or tho hemetolegical condition. The most consistont
effects shown by tho fourt.ca pationts cre ¢ temporcry dcpression of
tho platelst count, o tomporary dcercase in prothrombin timo, and
turporary. clovation of sadimentation rate.  Fluctuotions in crythroeyte
count 2nd homoglobin valucs, ord ia total white blood count znd
tho cleoments comprising the diffurcaticl count, roumninoed within
physiologiccl linmits during trestment cnd post-troatmort poriods.
Cutancous homorrheges, or tu.doney to bloeding wore not obsarved in
auny of tha patiocnts.

Scven of the fourtcon poticits rocgivid gold therapy
l l -]sriogato troatnont witk P32, anG followilig P°2 trontmont. The
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temporary deprossion of the platelet count occured in éll of the
patients, however, so that it cannot be attributed to gold therapy.

In August 1947 the hematological project was enlarged
furthar to include patients treated with radio-iodine. So far, 10
additional patients treated with radio-iodina are being studicd. The
observation period for paticnts added to the study from that time on
is too brief to permit any evaluation at this time,

From July 1946 to December 1947, 553 hematological
examinctions were made in the study. All examinations included
complete blood count with errthrocyte measurcment and lobation index.
In cddition, opproximately 100 prothrombin, cholestarcl, hematocrit,
and sodimentation detorminations were made. Approximetely 185 medical
excminations were dono on the pctients.

Besides these laboratory studies, newly acquired items

of cquipment heve been calibrated aond standardized. Charts and graphs
were moado on all potients included in the study. :

Motabolism & Effects of Radio-Iodine (1131)

Earl R. Miller

The purpose of the study of 1151 in patients has been
primarily to determine harmful effects of 1131, ecutely and over a
long period of time in humans. In order to know the amount of
oxposurc of the patient to tho radiation from the rcdio-iodine, it
is importont to study moans of determining uptzke of the 1131 §n
the thyroid with_the thyroid intact in the petient, and to atudy
oxcrction of I .

Urinary excrotion of 1131 from patients has bcen
measured in most cases in which thyroid uptako studies wers made
in ordor to determine what portion of the iodine could bs accounted
for by thyroid uptoke and urinary excretion by our methods, what errors
thero worae in thoe methods, and what fraction of the administored
1131 wes lost by othor routes of cxcretion or was stored in other sites
in tho body. -

Choice of Subjocts. A fow young doctors on the house stz=ff of the
Univoersity of Cclifornia Hospital, fully cognizant of the dengers,
voluntecred to sorve as normcl controls. A serios of pationts were
studied whose thyroid function was normnl, but who were to have
oporctions on the glend for nodules., This permitted study of the
normally functioning gland as well as of the cbnormal nodules. A
numbor of petionts were choson for study whose primary disease wes
hfgirthyroidism. The administration of relctively largo doses of

I to those patients, was warranted as a treatment of their diseasas,
This wzs o particularly valuablo group beczusc of the interest of the
patient in himself and his diseacse and baccuse of the interest of

115139
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the clinicicn in close lcborctery cond clinicel follow-up. The

1ost group of subjccte wors these in which carcinomr of the thyroid
wos suspected or proved. IY wos in this group thcot tho largest numbeor
of tissuc studies werc mede. In this group colso, the ndministration
of very lorge doscs of 1131 yrs warranted.

Praliuincry Cliniczl Work-un and Follow-up. In the normals, no
soucicl proporetion was mod>. Thyroia uptoke cnd urinary excrotion vias
detormined,

Tu subjscts with nodules in the thyroid or with hyner-
aectivity of tho thyroid, historiss wore taken and physiccl exoeminations
wore donz. Tho following loborctory determinctions weres mode: blood
count, urins exominctioas, blooé cholestercl, bascl metcbolic rate,
cnd proetain bound iodine in th2 serum. Ia th> subjects with nypor-
thyroidism, ronthly follow-up cxarinntions wers made. These uxominn-
tiona osscnticlly duplic:ted the proeliminary work-up.

In thosc who_wgat to.opercticn, z2n nttempt wes nede to
mensurs the cmount of Il‘i in ths rameved spocimen for comparison
with th2 me surcmont of tho thyroid upt:zke beiors reroval. fato-
rcdiographs were mads of tic reroved tissua.

In tho subjoets wrath c:znecr, routinoe histories, paysiccl
oxominstions and leboraiory studices were moda. Aftcr the oporztiocn
wes porfoined, the normal nud concercus tissue was studied for up-
take of T13L by Goigor counter cad sutorcdiogrephs. thars possible,
preliminnry in-situ moosuromsats of 1131 upt:ke in tho thyroid 2nd
urinary oxcrction meosurcomonts woere corricd cut.

Dosas of I+°% administercd. In tho nornels and in gtients who were
to bs cpernted upon for nodulss, o dose of 250 pe 113) was given
usuclly.

In subjocts with hyperthyroidism, from 250 uc to 4000 uc
vics givon in singlce doscs. In somc subjoets, tho doses woers repcated
so thot totrls of over 12,000 pe have bzsen given over & period of ¢
fow months. '

In subjects with ezreor, o tost doso of 2000 uc wns given
usually.  In ona nerson doses cof 2000 p , 7000 pe and 50,000 pc wero’
given. ' '

Tochniguo of Administration and Moasuroments, Tho iodinu was cd-
ministcred corully in the morning. The dosc was c~refully measurced in
c.c. by o ronote controlled burctte enlibratod in .02 c.c. per
division. The bottle contzininz the dose to be given wes choelied

by Goiger countor for its I3l contont. iicosuroments of thyroid
uptzke were made ot ebout noon ~nd 4 PiI of the scme dzy, rmorning, noon
cnd latz ~ftornoon of thio following day, ~nd in ths morning of the
third day. whore possible, anothor mensurcment cne wock lator wes
mzde. In the 48 hours during which the initizl thyroid mozsurcments
were made, ~ll urine wes collocet:d, in some czass, in individual

'spec¢imaons, and in nost of tha cascs ia four 12 Lour secmples, Tha iodime

contcont wes dotermined in these.
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If th2 patioent woes to Le opsrotud upon, = motsuromont of
I151 content of the thyr id w=2s mada just prior to surgery. Tho tissuo
ronoved at oper-tion was t7:

on tho countor ond woighed. dicroccopic 5¢ culons wore obt_lncd.
Avtordiographs of thoss wors obtained.

To detormine th: uptzkc of 1131 in th: thyroid, it wes
tirst nacossary to mako o sct of standords to be usad as substituts
or “dummy® thyroids. Thesec consist of 30 c.c. rubber copped sorunm
bottlos. Each wos fillod with =n aqucous solution of I13l of known
concentration, ronging from 10 pe to 5000 ue. Thoss bottlcs wero
choson bacause the solution in caeh was about tho sane weight 25 o
.rodurﬁtely enlarged thyroid cnd it hos approximotcly tia: samo ¢ross-

s2etbionnl arca cnd depth. Those were placsd on 2 woodsn phuatom ro-
°emcllhg ths nack in size, 53 cn bolow the face of o Goiger counter
and thic numbor of counts per minute from onch was_rocorded. This
is thon graphsd cs counts por minute agoinst uc 1331, A redium
stondard wos uscd as o constont source of gomme reys for chocking
the corstancy of the countor. Thoe bull-shicped Scott mica windeow
countor wrs mounted in 2 leoad eylindor which hos lood wolls ons
inch thick and zn insido dimmotsr of 2 1/4 inchos. The countor window
vizs 7 en from the mouth of thue cylinder which pointcd at the paticnt
or spzcimen. The mouth of the locd cylindor weos covored with o lcad
filter 1/8 inch thick. In this .oy, the counter "sou¥ o cirels cbout
14 inchos ia di-meter. Recontly we haove choaged to o eylindrieal
Geigsr counvar, '

Ths long dist neo botwocn th. thyroic and cowntor wos

choscon in orcder that the uncortoiinty duc to tiic unkncwin doptin of tho
hyroid in the neck would be rcduced to a minimum. Thoe hoavy filtro-
ticn ia front of the countir wos choson so thut the 80kv x-roy from
1131 veuld bo complatoly ubscrbed. If this wors not cbseorted, it
would introducs an crror ogoin beczuse of the unkxnown dopith and size
of the thyroid. A shellewly loccizd thin thyroid would chsorb less
cf this ecompeacnt thon would o thick, dceply loeated glond. In
cddttion, sincas the amounts of 1ouinv to be mcosurisd are lorg.,

th: numbor of counts per minutu were roduccd suffieicntly so tho
coincidoanco corrcctions were not troublesonc.

In meoking the monsurcacats of the 113l content in tho
urin2, tho-obove considerations of distanco cnd filtration do not
2pply sinco tho urinc spocipsn and the stardord cre put into idontieal
centoiners. In thesc cases, sincoe the omount of iodine inm tho somples
is smnli, o short distanes and thin filter were usad.

Bocruss of uncertainties in tho count rs ~nd czloetronie:
cquipnent, © standard whese count i3 noarly thrt of the thyroid is
nazsured ooch tine a thyr01d uptoke detcrminttion wos nado.

then th; uptck2 in ¢ thyroid was to be monsursd, the
subjeet wros pice.:d supirne on 2 table nnd ths Geizcr eounter, mounted
on -n x-ray tube starnd, was moved ovor the thyrcid. Th: number of
counts pcr minuto was rvcord.a in tiiis pesitien. The countor wos
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then moved ovaor thoe thigh ond thoe counting rete in this position

w2s Gotermined. Thoe thigh cbove th: knee iz uppromimotoly thio size
znd sh=opc of ths neck and coantcins bonz, muscl. ond blood s dous

the noek. Tho eounting rote over tiiis oros should bo tho some 2s tho
counting ratc over tho neck if the thyroid wors not proscnt. The
numbsr of counts por minutc duc to the thyroid is cccopted 23  the
ditfsoroncoe botweon those from tac nock cnd thosc from the thigh.

Rosults of Moasurcmonts. In genoral, the thyroid tckos up the circulot-
ing iodinc very ropidly. The -~mount of iodine in the thyroid rocches

¢ neximun in loss thon 24 hours, and in some coses within o vory fow
hours., In goneral, tho thyroid rotcins most of the iodine it szloets
from the blood stremm. Thore is somo ovidonca to suggest th-~t thoa rote
of uptzla of 1131 in tho thyroid is o function of thyroid acuivity.
Bocouse noking thoso moosurcmints is so timo consuming, we ot first
concentrotod offort on the loto mussuromeonts. It was felt thot tho
lovel of uptcke could bast be dotermined in this way. It bocomes
aprarznt now, thot mor: offort is nseded in studying the carly part

of th. uptcke curvo.

Thz thyroids eof tho normcol subjcets took up from 5 gorccnt to
35 percont of tho cdministcored 1151. The poreent uptaks of 1131 4p
cny pationt was apparoutly nonrly independant of the size of the deso
if the poticnt woe in the same cenditieon when the smell -nd large
doscs arc given, c.g. first trocor thoyn lorgor dosc. In geuerzl, tho
vercent uptcoke of iodine in the thyroid is o fairly dircet funtion of
the thyreid cetivity. Subjeets with thyroiditis znd nypothyroidisnm
heve extromely low uptrlss cad subjocts with hyporthyroidism have
high uptzkos. Howovor, in spits of this gonornlizotion, no single
tost such ns cstimetoed thyroid siza, B.M.R., protoin-bound iodinc

in ti. blood, blood cholosterol or zny combinction of thasc cllows

us to orodict with cortcinty whot the uptrke in o givon pationt

will be. Provious icdinc or drug (thicurneil or propythiourceil)
therepy, «né iodins in food muy zTfict tho zmount of I hat the
thyroid will cecopt cnd hold. Tuo subjoets moy be indistinguishoble
cliniczlly znd by loborztory tosts, yot thoir icdinc upt-lies will bo
greatly difforeont. t appoors thet this mey be so baccusc ths one
pationt moy bo on his wey to on oxaeorbation of hyperthyroidism

(high uptake) ond tho othor moy be on his way to o romission from
hyperthyroidism (low uptzko). 'This has beconc an important by-product
of tho study thet is uscful clinically.

In cortnin coscs it is possible to account for 211 of
ths cdministered iodins by 2dding urincry oxerction to thyroid uptoko
but most of tho timo thors is a definito and significont amount not
accounted for when this is dons. Somo of this discrcpaney ncy bo
bocause of foulty necsurcnants but furthor study is aced:zd to chock

" those findings and furthor roseooreh is nooded or mnim~ls and humens

to study othar routes of oxerction ond othor sterngs dspots in the
body.

Rosults on Patigggg. In the pationts with prosumtbly normnl thyrcids,
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with and without nodulcs, and thosc with hyponetive thyroids, te whom
em:11 doscs (250 me) wore given, unc offoets wore recoznized. In
ijﬁrnts with enccer of the thyroid to whos amounts up to 200 pe

wor2 giveon, thors woroe ne noticezbls offcets, but mony more
obacrv:tions are noodcd and furthor follow-up is csscntial. The
lost recport on onc patient with widssproced funetioning thyroid
pulmeonory motastases, to whom 50,000 pe I was givon, roveals no
advorsoe clinieccl offoct four months cfter the doso was given. In
subjocts with hyporthyroidism, the thyroid beeomo tonder oftor o
desc of 2000 pec when the uptoks was ovoer 50 porcont. In 33 of 42
such subjcets tho discase wes controllced end the peticnts returncd
to normcl. In the othor 9 the discosc was not controllad or the time
ruquired for arrost of the disocso was too long {over 6 months).
Ona doveloped myxodomz. Ixn successful czscs, the ~verngo cstimotoed
thyroid woight bofore trcatmant wes 3l.2 grams and ofter troctizont
it woe 13.3 grems. The B.Ml.R. dropred from cn cvorage of +28 perecent
to onc of -9.9 porcent. The cverage anount of rrotoin-bound iodine in
tho blcod dropped from 10.7 to 5.7 ng. purcalt. (ilormzl 4 to 7 mg
porcont). The aversgs dosc was 2726 pcl 131, At first the dosos were
small (250 pe) «nd ropegted meny timss. Lotely, the usuzl initiel
dosc has boen 2000 ue IS, In most peticnts, o s.coud Goso of 2000 uc
wos givon cnco month oftcr the first dose. In 2 fow ea go8, up to 4 '
such doscs have beon administcred., Ia 2 very fow of the l*tost easas,
3C00 pe or 4000 xe worc tricd s initisl doscs.

Jurthor Studies. Blood: Cnly rcutinc blood studics aru aveiloblo and
theso hove not boen odoquatcely folliowod. Thoers is nccd for a doteilcd
adsguctto study. Tiis shkould be possible now with & humatolory
tochnician cnd speecs availsble for this work, Blood protcins: It

hes boen obsurved by Dr. Trunnsll ot Mumorinl Fospitnl, lics York,

that artsr vory largs doscs of radionetive iodine te o paticnt w1th
funeticning mctactases from o careinoma of vho thyroid, thut onc of
ths offuets wis ¢ severo drop in the serum zlbumon. This should be
studicd in potiontes rocciving smzller dosocs.

" Physical Fretors of Moosuruiert. Tho time roguired to mike routine

mocsuruments on pationts is very great. An cttompt to usce counting rote

rnetors hes boon mzde in our offort to shorten the time requirad fer
individuak obscrvations. This has not provod cccurate anough for the

-purposo, up to this timc. Thore ic nced to male e moro sdoquote study
of tho offwct of distcones, filtrstion, size of stonderd bottles and

- 8izo of fiold of moasurcnient, on the zecuracy of measurcmonts of thyroid

upt-kao.

Animel Studios. Doteilad studics of orgen distribution Of TL31 ip
enimels should be mado. Animel querters cnd spcee to carry out this
vork hova bocome availcblo te start this work.

Frotoin Fractiorction of 1131, A study of thu rzte of riszc znd totol

tlood comtont of ISl aftor oral cdminisirction of 1131 should bo made.
In nddition, ths program should b2 cxponded by sotting up o biochomical
leboratory to permit the study of the protoin fractionction of I 131 4n
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tho blood cnd if possible, in otacr body fluids. This should give o
fullor understondinz of the mechonism of icdine utilization and of
thyroid mctabolism and physiology ond porh-ps give tho bost test of
signifiezant uptrke ond zetion of I 3L,

Effuct of Inort Jodinoc and Antithyroid Drugs on 7131 Upt-oke., This
import:rnt problom hcs beon studied only slightly, bocousc of the
difficulty of sotting up such oxporiments in poticnts. It noouds to
bc pursucd in humen subjoets whonover an opportunity presonts it-
sclf. Animal srporim.nts to cnswor this question must zlso be
storted.

_ Throughout this work wo have zcecoptod the Ock Ridge
c¢czlibration of the millicurio.
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IV. HZALTH CnziISTRY
N. B. Garden

Over the past three months the development in equipment and
technigue indicates that a policy of absolute control over radioactivity
can justifiably be set as an ultimate goal. By this it is meant that
radinactive material can be stored and processed under such conditions
that virtually all escaping or waste particles are trapped and held in
ausolute control, and any contaminated equipment can be cleaned or dis-
pcsed of also under ebsolute control.

Objections have been raised to this policy on the basis that it
is unnecessarily severe in some cases and unobtainable in others. How-
ever, when the objectcrs become familiar vith the progress being made and
with the broad indirect advantages achieved, they usually join in the
surport of the policy. For the program to be successful it is first
necessary to secure.cooperaticn of the vorkers involved vith radiocactivity.
Other wise the use of the safest and most efficient equipment would prove
& failure. Great progress has been made alonz these lines of obtaining
cooparation during October, MNovamber, and December.

The outstanding points vhich have ceatributed so greatly toward
gaining the confidence of those working with radioactivity are:

" 1. No contamination.
2. Successful remote process control and manipulating devices.
3. Yorkable +e.Lniqu°s for receiving, storing, transportinc.
and disposing of active material, whether samples or waste.

"o contamination™ refers to the fact that where samples could
give ¢l particles that mi ht spread contamination, these are kept in
totally snclosed containers until introduced into a controlled werk site.
This procedure eliminates flocr, clothing, and air contamination with a
corresponding elimination of perscnal hazard., The resulting values of
mentel relief to the worker, thz: saving in area monitoring and air
monitoring, as well as clothes laundering and area decontamination more

3 he expense of the special plarning and equipment development

objectors felt trhat mary workers are concerned with so little
."no hazard evists and no przcautions are recessary. In such
cases their investigation usuzlly deals with but a few counts, and although
no health hazard exists, 2 technical, spurious contamination of a few counts
may introduce errcrs of large magnitude into their work. Thus it becomes
vital to eliminate this small technical contamination. This becomes more
and more true as ecuipment and technique are developed to do the work
without loss of tims and vith grester efficiency under the no contsmina-
tion policy.
D¢ - . -~ ’ :

Under item (2) above, durinz tie period of this report progress
has been made in development and standarization of ecquipment. Particular
sucess was achieved with sloved boxes and these have been large]y
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standarize# together with their fittings and the hoods in which they are
used. A glante at the room contamination charts, the hand count charts,
the alr analysis charts, and the film badge readings lists will give
concrete evidence of the lack of the presence of contamination, which is
directly attributable to the use of the gloved boxes. The gloved boxes
are quite universally used, especially where any appreciable amounts of a
alpha aciivity is involved. Of most recent development, hovever, is a
beta-gamma box, with laminated lead glass windov, equivalent in absorptive
capacity of 24 inches of lead.

With the acquisition of a truck for the Health Chemistry
Section, the transportation of radiocactive materials, such as targets,
shipments, ete., and with the development of safe and easily handled
target carriers, contamination has been further reduced, The disposal
protlem is adequately taken care of by the cemunt-filled drum technique
or cement tlock package. Transportation of waste on the project is carried
out exclusively in the Health Chemistry truck, thereby eliminating the
po:sibility of irdiscriminate leaks or spiils in other project automobiles.

LMB/2-2-48
Information Division
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