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ABSTRACTS
CLINICaL MKDICIN: sNL MMKDICal RESksKCH SiCuiON

The effect of TO,(NO,)., on tissue metabolism has been studied
by injecting T into rﬁts gn& killing them at intervals for study.
Anaserobic glycolysis and the rate of oxidation of choline by the
kidney were unaffected in T poisoning. The Op values of the liver
were also unaffected. However, the synthesis of glycogen, the
synthesis of urea and the oxidation of pyruvate by the liver were
inhibited to some extent in T poisoned rats. The minimum amount

of TO (Nos)z necessary to produce a4 rise in the blood N.P.N. values
was fgund to0 be 0. 1 mg per Kg 'injected in a -single dose. Poicto
phosphorylase activity, pyruvate dismutation, end pyruvate conden-
sation (synthesis of acetoacetic acid) were markedly inhibited by T.
Lactic dehydrogenase, polyphenol oxidase, trypsin, ribonuclease were
not affected. Alpha hydroxyespartic acid reactivated the enzyme
activity of succinoxidase inhibited by T vwhen used at a ratio of

10 to 1. A sinple ultrafiltration method haes been devised for our
work on the combination of T and other metals allied to T with
proteins.

During the month of September 15 to Octover 15, 1944, 5,800
clinical laboratory examinations vere made; this included laboretory
work on 92 new personnel, 258 controls and 848 in the work hazard
group. Abnormelities considered on the bhasis of the white bloocd
count alone show individuals with abnormalities in these groups of
30%, 26% und 25% respectively. '

The injection of T into raebbits is followed by a prompt increase
in urine catalase. No significent difference, however, has been
found between the urine catalase of human control and T exposed
groups in either the Chicago or Ames laboratories.

Biochemical studies of a 58 year old female who received, in
a period of 18 days, a total of 156 r total body x-ray therasy for
a metastasizing parotld tumor shovied the following significant
changes; a prompt sustained rise in the adenosine- trijosphate
fraction of the white blood cells imrediately following the institu-
tion of theraoy and lesting beyond its completion; a fall in the white
blood cell ocount only after the entire dose had been delivered. (Note:
Normal subjects stand this dose.) :

A sirple procedure has been devised for the micro-. uantitution
of T in 1/10 cc samples of urine. The method is sensitive to less
than 0.,0001 micrograms.

. Copronoryhyrin isomer studies in osroject sersonnel continue to
reveal en elevated concentration of coproporshyrin ITII in T-exsosed
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personnel as compared to control individuals. Studies of urorosein
and other urine pigments show fre.uent elevated values in project
personnel with various types of exposure. Little is known about the
factors producing this undoubtedly non-specific increase.

MELICsL INLUSTiTal HawsRD SKCTION

In general beta and gamma surveys in the New Chemistry building
indicate very little change in the degree of contamination. A TX
hazard present in D-10A ( New Chemistry) has prompted recommendation
for installation of ventilation to diminish the hazard. Three rooms
in the West Stands ( 8, 9 and 217) were returned to routine use after
decontamination but widespread beta or soft gamma contamination aguin
exists.

Aporoximately five hundred film meters are developed each week;
during the period 8/21 to 10/8/44, 7 films of project personnel had
readings greater than 0.8 r for one week. Of the pocket meter readings
for the p eriod 9/7 to 10/11/44, €1 meters gave a daily reading
exceeding 0.1 r. Of these 35 were felt to be valid readings.

BIOLOGICAL RESEARCH SECTION

Rats exposed to I 131 vajor retained 10 percent of the inhaled
material. The absorpt?on from the lung was 95 percent complete at
the end of a 30 minute exposure with a 10 percent deposition 1n the
thyroid and 90 percent elimination in the urirein 24 hours.

Half of the retained yttrium (57d) chloride @erosol was eliminated
from the lungs of rat in a day at tracer level. An average initial
lung retention of 26 C per rat caused no detectable histological
damage in one week for & lung exposure of 1500 r.

ngs-Cb93 injected into the heart or teil vein of the rat was
deposited in lumngs, 10 to 20 percent, liver, 10 to 20 percent and
ske leton, 15 percent with a urine excretion of 30 percent at 10 days.
The 50 percent lethal dose was 5 c¢/gm for 15 days survival.

The distribution of radiation intensity in the femur of a rabbit
injected with SrP9 has been determined by & shotographic film re-
produced in the report.

The techniiue developed for assaying retained Sr89 in chronic
animels by external counting of live animals shows that 4 to 5 percent
of betaes escape through the dorsal surfuce of the mouse.

The survivel of rats after two exposures to x-ray indicate thet
the recovery from an initial exposure of 300 r is exponential up to
three veeks with a half recovery time of one week.

A more complete experiment does not show the change in the growth
of rats afer a 50r exposure previocusly reported.

Dogs showed gradual increases in plasma histumine at all levels
of X-irradiation from 50 r ups.
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A dose of 57 n from the cyclotron was lethal to 50 percent of
CF1 female mice in 30 deys. This is considerably lower than the value
from Clinton. It gives an X/n retio of 8.1.
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The laboratory has been engaged during this month in further studies on the
mechenism of T poisoning, on the prepzration of hydroxyaspartic acid to be used
for the treatment of T joisoning, and on the metabolism of rabbit's bone marrow,
Tissue l.etebolism on T poisoned Rats.--It has been shown in previous re;orts

that the metzbolism of the kidney is profoundly and progressively inhibited after
the injection into rats of 0.5 mgs TO (N03)2 per Kg. Rats killed on successive
days showed a contiuous diminution of 05 upteke in the presence of succincte,
pyruvate, and alanine as oxidizablc substrates. This inhibition is not a gencral
rhenomenon for it has been found that the O, upteke in the ;resence of choline

is not inhibited at all,

Liver letabolism.~-Shortly after TO,(NO3), is injected intc rats most of the netsl
deposited in the «idneys, but scme of ig is found in the bone and in the liver,
The metabolism of the liver of normal rats varics greatly unless the animals are
starved for st least 48 hours. In the experinments re ortcd in Table I both con-
trol and treated ruts were kept witiout food for L8 hours, with water ad libitum.
The znimsls were killed two and threc days after injection of TOZ(NO3)2 (0.5 ngs
per Kg). The Q2 upteke of the liver was pructically the same as the cintrol; in
two out of three animals there was a slight inhibition of Op uptake in the presence
of pyruvate as the oxidizable substrate, inhibition which was also imanifest when
the amount of pyruvate utilized was measured. The utilization of pyruvete in the
absence of oxygen (in Ringer-bic:rbonate with L5300, as gas rhese) was not affectod.

I, (Cliaical Research Group -~ E. S. Cuzman Barron

(=8
[43]

Liver slices readily synthesize urcc when incubsted in Ringer~bicarboncte with
arginine and lactzte. This synthesis was inhibited 31 percent in the liver of
rats polsoned by T. (Table II.)

.hen rats are stzrved for 48 hours the glycogen of thc liver is cospletely
depleted beczuse liver rlycogen is repidly used by the animal to provide food
for its energy requirements. The rate of Lhis de;letion was slightly effected
by T ;oisoning as can be seen in Tsble I1I, Control rets efter 24 cnd 48 hour
starvotion had lost 95.5 percent of the liver glycogen. ‘The treated rats killed
2, hours later lost 99 percent. .hen food was not withdrocwn, they lost 92 per-
cent, Truated rats killed 48 hours afler T injection lost 95.5 percent of the
liver glycogen. .hen food vas not withdrecwn, the loss wes 88 percent. These
starved rats with no glycogen in the liver can be used for the study of glycogen
synthesis in the liver by feeding them concentrzted solutions of glucos: and
killingz the animals at approiriate times: the glycogen found in the liver will
be synthesized glycogen. In these expcriments rats treat.d with 5 mgs T02(N03)2
were used three days after the injection. +“hen the animals were killed 4 houPs
after the introduction of glucose into the stowach there was an inhibition of
glycogen synthesis of 14 percent. The inhibition rose to 44 percent in the
animels killed 6 hours after introduction of glucose into the stomsch (Tatle IV).
In conclusion T poisoning produces not only kidney damage but &lso liver damage
as shown in the slight inhibition of pyruvate metabolism, and urez synthesis,
and in the inhibition of glycogen synthesis. If must be recalled that Lan (1)
has found thst wuscle phosphorylase, the enz:me which cetalyzes the reversible
reaction glycogen+ N300y z glucose l-phosphate, is inhibited by T. Cur in vive
experirents confirm Lan's in vitro findings.
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T05(1i03); required to raise blood ... .i.—~vhen 0.5 :gs TO,(805), per Lg was
injectcd into rats the blood II.F.H, rose stcadily so that at éhe 5t: day after
injection it reached 161 mgs percent. U.1 .igs per Kg reised the I.D.ii. value

to 60 mg percént at the end of the 4th dey. 0.05 mg, (i.c. 24 microgrems T) per
¥e in a single dose had no effect (Tahle V).

Lffect of T0~(1i02)» on Pyruvate l.etabolism,—=It has been shown in previous reports
that TO,' inhibits sonse enzyue reactions while it hzs no eiffect in others,

Further proof of this specificity is given in Table VI where the effect of TO
(1i0a), on the various zetubolic reactions of pyruvate has been tazbulated. Ground
pigton liver (washed and unwashed) wus used in these experinments., .ashed.ground
pigeon liver suspended in phosphate buffer contzining smell amounts of Iig*, in",
diphosrhothiamine, and adenosinetriphosphate oxidizes pyruvate ra:idly. This
suspension was treated with the appro:riate amount of T0,(liCg), for 10 minutes;
efter this time phos;hate buffer wzs added and the oxidation™ of pyruvate .is
deterni ed b’ mezsuring the O, uptzke. 0,0CL E 70,(li03), produced 2 swm2ll inhibi-
tion (23 percent)}; 0.0002 ! incroased the O, uptaké. ThIs increase in the Op
uptake must be due to a shift in pyruvate mctabclism towards tlie oxddative psth-
way bocause in experiments where the amount of pyruvate utilized uas cusured,
utilization wes not affected (Table VII). In umiashed, ground liver, the pathi-
wuys of prruvate utilization are nore complex because there is not only oxidation,
but also disnutation and condensation leading to. synthcsis of zcelozectete,

« keto glutarute and citrate. The effect of TO,(10,), on pyruvate dismutation, and
on the synthesis of azcetoacetute was therefore studgeg in this system., The dis-
mutation of pyruvate, as measured by COp form tion in Ringer-bicarbonate with It
CO, as gus phase, was copletely inhibited with 0,001 L T0,(i03)p, and 75 percent
.'%h 0,0002 L. The reaction is:

2CHBCOCOOH#H20=CH3CHOHCOOH*CHQCOOH+002
-
“hen pyruvate utilization was measured, the inhibition was 45 percent., The
synthesis of acetoacetic acid was inhibited 54 percent with 0.001 L TOZ(NO ) s
while 0.0002 ¥ hac no effect, (Table VI). It cen be seen from these experingnts
Lthat in igeon liver suspensions, the oxidztion of pyruvate is only slightly
inhibited by TO,(li04), the diswmutation is strongly inhibited, while the syn-
thesis of acetoacet;c acid is half-inhibited; clear example of specificity.
Potato ihos-horylase—~It has been shown by Lan (1) thet :uscle phos horylase is
inhibited by T0s*% rotato phosghorylase catalyzes the recction starch = HarOsz=
glucose l—phospﬁate. Enzyme activity cun be nszsured cither by the amount™of
P liberzted from ~lucose l-phos;hite or by the form:tion of sturch. The ex; eri-
ments were performed at pll 6.2 in maleate buffer (added 5 minutes after the addi-
tion of TOZ(NO )2 to the enzyme solution). The tu.es were kept for 40 minutes
at 23° aftér wgich CCl,CO0I wes added znd the P was deteruined colorimetrically.
0.001 & TO (1&03) prodaced 32 percent inhibition {lable VIII),

:sin.-—%he fctivity of crystalline trypsin wes unaffected by the addition of
0,001 ;. TC, (KC )2; on the contrary therc was a slizht incrcese in activity (Tsble IXj.
quyphenolzoxi ase.——TOz(ﬁO3) at a concentrztion of 0.001 I had no «ffect on
the activity of this enzyme (Prepared from mushroois) as ueasurcd b the oxids-
tion of catechol (Table i)
Ribonucloase.—~10 micrograms of crystelline ribonuclecse were treated with Q.00
TOZZHOBS at pll 6 in bicarbonate-coz buffer. After 15 ninutes the enzyse was
tif;ed”ifito the solution of yeast nuclcic cecid, The rate of hydrolysis of nueleic
acid was followed sznometrically. TOZ(EU )2 produced no inhibition.
Lactic Dehydrorenase.—-This enzyme zctivales lactie acid. The cetivated lactic
acid is oxidized to pyruvete by diphosihopyridine nucleotide (Li7) which is reduced
to dihyd:odighossho.yridine nucleotide {(uPii) oo '
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Lactate-~ DPN & Pyruvate 4 (DPN)H,

This reversible rcaction, goes to the right in the presence of a substance vhiﬁh
combines with pyruvate end the rate of the reaction can be measured spectrophoto
metrically at 3450 R where the (DPN)H2 shows an absorption band. This enzyme

was practically uninhibited by TO, (10 )2 0,001 i (Figure 1). Dounce (2) has re-
ported some inhibition, It must Ee pointed out “however that the system used by
Dounce is more complicated then that used by us. Uounce had lactic dehydrogenace
and flavoprotein., .hether the rerorted inhibition was due to action on the first
or the second protein in not knowm,.

The Reactivation of Enzymes Inhilited by Toagmo?gg.-lt has been shown in previous
ruports that the rezction betveen Y02*" and enz is, under certain condit101s,
reversible. Reactivation of the enzyme was obteined on zddition of cert:.in organic
acids among which citric acid was found the most powerful &agent. It was postulated
that rezctivating agents would be those :ble to form cyclic couj.ounds with '1?02“"L
which were not easily dissociable. In a list of compoundgiven in one of our‘re-
ports it was predicted that hydroxyaspartic acid, an amino acid possissing the CCU™
and OH groups so situated as to favor the formztion of T2 cyclic coupound, would be
a good reactivating agent. The ex;eriments reported in Toble XI confirm our praed-
jctions. Succinoxidzse inhibited 90 percent by T0,(ii0, ), was reactivated 61 per—
cent by citric acid and 47 percent by hydroxyaspartic 3c1d In both cuses the
organic acids were added szt 10 tii.es the concentrution of T02(r03)2 shydroxy-
aspartic is the only amino acid which has been found to be a good roversal agent.

o hydroxyaspartic acid will be used as a therus.eutic agent zgzinst T poison-
ing and its efficacy will be coupared with that of citrate and carbonate,

thether the enzymes inhibited by T possess in their molecule «hydroxyaspartic

acid is not known. .le are of course will aware that, up to now, this amino acid
has not yet been found in protecins.

The Combination of TO, _ with Proteins.--After it hus been shown thut TO com-
bines with enzymes reversibly, the next step is to estublish the nzture of this
combination and the groups in the protein molecule ihich bind to TO . Tliese
studies are going to be undertaken with crystalline proteins &nd in large scale
experiments., For this purpose the colorimetric method of T determination was
developed. A rapid method for the ultrafiltrztion of protein solutions hau also
been devised. The solutlion to be filtered is put into a cellophane bag which is
suspended, inside 2 double-layer cheesecloth bug, in a 50 cc centrifuge tube. Ons
hour centrifugation st 3000 r p m provides from 2 to 3 cc filtrate fro. a 10 cc
srotein sclutien,

In Table XII cre given the results obtained «h.n soluticns of TOZ(h03)2 in

mzlcate buffer at several pH values were ultrafiltered according to the tcchinique
outlined above, At pH 6.5 or below, 80 to 90 per cent of T apjearcd in the ultra-
filtrate. At pH 7 or above, from 10 to 20 percent of T were found In the [iltrate.
inalyses of T were .ade in 0.1 cc by the colorimetric method. Uncoubtedly &t pH 7
ag-regate formztion took plice with sucsequent plugcing of the rores of the menbranco

Disl’’zed hu.an plasma al.ost coipletely rrevénted the urwcarance of T in the
ultrafiltrate. (T at a concentrzlion of (.00l L TO (NO )5)

Prepzration of &ilydrozyaspartic acid.--Complete detglls og the nethod of prepara-
tion of this amino acid based on Dakin's paper are zvcilible to persons in the
project interested in this cumscund. ~ollowin: this procedurc & product .us obtained
of better thien 98 percent jurity. '
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Liver Xetsbolism of Rats treated ith TOZ(NOB)Z (0.5 mgs per Kglo

Table 1

Killed 2 days afters 402=(02 upteke per ag per hr in Ringer-PQ, buffer,
R

2
C, as gas phase; (0, PyT = 02 upteke in kinger 1O, 4 0.01 & pyruvgta; QCO pyTr=
2 2
crm COp production in Ringer - NaFCO4 aith N,300, as fas phase, 23 = com
N 2
pyruvate utilized in O, as gas . hase; 3 2 s cmm pyruvate utilized in the absence
FyT '
of oxygen. { 1 mg pyruvic acid & 254.5 enm) .
Control Control Treated Control Trested Control Treated
05 7.68 7.63 7.95 8,01 9.01 | 8,56
105 pyruvate 9oli3 2.69 | 10,04 8.45 | 10,01 9.58
=iN2
€O, pyruvate .| 3.0 3.16 3.73 3.43 3.27 3024
02
pyruvate 7.97 7.77 12,6 8.9 14,19 12.35
N2
)
pyruvate 3.93 4,07 3.66 3.83 5.66 6.12

Table II
The synthesis of urea by the liver of rats (slices) treated with T°2(N°3)2
(0.5 mgs per Kg) Synthesfs in the »resence of arginine and lactate, Incuba- '
time ﬁime. 1 hr., Fignres give cmm urea formed in 1 hr per mg dry -eight., -ll

7..t8 were starved 48 hours before death,

Rat Control Treated Inhibition
ner cent
I 9.0 8,0
11 12.2 7.8
111 15.3 8.0
v 17.3 10.7
v 12,6 9.6
vi 12,1
Vil 9.0
Average 13,3 9,2 31
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Table 11I
The biyec sgen cont:nt of the liver of rets treatcd ith '1‘02(‘.\1-”)3) 2

The data repr sent av.rage values 3¢ 20 r ts used in thcce ex>crimente,

Conditions Time after Liver glycoren
T injection . as mg glucose Jer g |
days e —- . J e
Control at start »f 0 o7.8
exneriment '
24 hours starvation 0 1.01
48 hours st rvation 0 ' 1.39
Treatcd 5 mgs x ¥g starved 24 T 0l5i
Treated 5 mg. x ¥%g starved 48 1.23
Treated food not removed
until 24 h»rs, 24 . 2.29
Treatced food n t removed
until 24 hours 48 3.25

oD
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Table IV

Synthesis of glycogcn by the liver »f rats after introduction of 3 cc of
a saturat.d solution of glucose fnto the stomach, Rats starved 48 hours

preiiously. Rats injected with & mgs TOZ(N03)2 per Kg 3 days before glycogen

t st:
Glycogen, mg. per g of liver
Time after
glucoce injection Treated Control Inhibition
hours per cent
2 14,6 16.6
4 . 82,95 *7.8 . 14
6 25,1 44,6 44

118835



Table V ' |“

Blood ‘.0.N. in rats injceted with varring amounts of TOg(NI3) 5. Yormal values

ar>und 40 mgs ner cent.

Days after injection ';"C)agl\l'):g)E ™Mood .2.N,

mgs per Rg mgs nercent
2 0.5 47
3 | " B -
5 " PR3 1
2 0.1 35
- " . 45
4 ' " 60
2 0.05 | 46
3 " 43
4 " 44

118600



Effct of TOp(NOz), on “yruvate Metab>licm

Table VI

yruvate Reaction To (N73.)

Inhibition
Conce tratibns '
4 paoreent
1. Pyruvate Ocidation
a) ground wached nigeon liver J3.001 -23 -
0.0002 +25 increcase
b) ground unwashcd liver 0.001 -75
0.0002 -28
II. ?yruvate Cismutation
a) as measurcd by CO2 produc tion| 0.001 Complete
0.0002 -75
b) as measured by »rruvate ’ .
analysis . 0.001 -45
’ 0.0002 -46
111, Acetoacetate “ynthcsis 0.001 -54
0.0002 0
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Table VII
sffeet of small amounts of Toz(Nos)z on pyruvate oridation by osigeon washed,

ground livcr, as measured by Og uptake and Hyruvate analysis .

System 02 uptake Increase Pyruvate
3lanik subtracted utilization
cmm vercent microm-les
Control ‘ 291,7 25,4
Toz(rxoa)z, 0.0001 N | 344 +18 ‘ 25.5
0.0002 » | 347.2 +19 27.1
0.0003 M | z11.7 a7 25.6
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Table VIII

Effect of TO2(N)5)2 on the -ctivity of ’otato Phosphorylase

Systenm E Value &t P liberated Inhibition E Value at
730 mu in 40 min, 630 mu (I,=-starch
comofex)
micrograms percent
Control 0.540 386 0.492
0,001 :
'1'02(:1:)3)'2 0.415 26% : 32 0.026

11665 Y
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Table IX

iffcet of Toz(Nos)z on the ..etivity of Crystalline Trypsin

Experi-ient No T Concentration L*~Value Lffect
X
1l None 0,477 Slight increase
2 0,001 0.520
3 " 0.507
4 None 0.400
5 - 0,005 0.468 slight increace
6 n 0,481 " "

E* value is directly oror>rtional to enzyme activity under the

conditions -f thcse exoeriments,

Table X

¥ffcet of TOZ(NOS) 2 on the .citivity of “olyshennl oxidase.

"ysten Og uptake 0_ uptake lnhibitio-n
in 12 min, Bfank subrtracted
Catechnl=No enzyme 22 -
" ” ”

+ 0.001 M T0,{NOg)2 0

Enzyme + Catechol g7

-

+ 0,001 M T0,(Nig)g | 75

-— coriplete
75
73 None

P1186b0
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Table ..I
ot Hydroxyaspartic acid and Citric a4cid as keaectivating agents of .nzyme Inhibitions
Produced by Tozﬁ
Succinoxidase prepared from psigeon brea:t, dialyz«d free of »hosphate, TOB
(Nos)z was added to the enzyme susocencsion ten minutes before. Veronal buffer,

pH 7.2 :1dded afterwurds. Duration of exp.riments, 40 minutes. ‘ueccinuate, 0.0l I°

System Og upt ake Inhibition Reactivation
cmm percent percent

Control 96.5
10,(NO;)g, 0.0005 ¥ - 2.8 90
Control + citraute, 0.0 5 M 89,5
T0s(NOz)g + citrate 64.4 35 61
Control « shydroxyaspartate, )

0,005 - 97.5
T02(!\I()3)2 v 2hydroxyaspartate 0.8 48 47
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Table XI11

Ultrafiltration of 1x10-3 MT Solutins in inlcate Buffer at Tari us pH Vnlues.

xperiments : Jample oH i=Value ‘er cent
siltered
Control 5.1 0.214
Ultrafiltrate S.1 | 0.193 89
1 Ultrafiltrate 3.8 0,194 90
Ultrafiltrate 7.0. 0,032 15
Control average of 0.2%
pH values
Ultrafriltrate 5.5 0.178 80
2 Ultrafiltrate 6.0 0.194 87
Ultrafiltrate 6 .5 3.179 80
Ultrafiltr te 7 .0 0,038 17
Control 6.5 0.214
Ultrafiltrate 6.6 0.187 87
S Ultrafiitrate 6.5 0.180 84
Ultrariltrate 6.5 0.l182 e5
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Figure 1

The effect of T0,(NO,), on the activity of lactic dehydrogenase
as measured by the rate of reduction of diphosphopyridine

nucleotide,
control

treated with 0,001 ¥ T0,(NO,),
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II. Employees Health Service - J.G. Allen

During the month of Septumber 15 tc October 15, 1944, 1943 physiczl
examinations were done; 32 of these were on individuals transferring to other
siles. Of the 143 physical examinations, 44 were academic and 99 non-ccademic.
Two persons uere rejected because of findings on clinical or laboratory exami-
nation,  Including the pre-employment examinations 463 individuals were seen
because of sickness or accident during this period.

III. (Clinical laboratory Examinations ~ L.0O. Jacobson and E. Marks

A resume of the clinical laboratory examinations conducted during the month
( Septermber 15 to October 15, 1944) follows:

No. of laboratory Procedures Abnormalities

Hemoglobins 854 149
Red counts 527 101
ihite counts 1242 below 5000 82
. above 10000 93
Differentials 1242 223
Platelets 192 35 (10 below 150,000)
Urines 873 195
Retics 50 -0
Wassermans 243 ’ 0
Misc, 10 0
Sed, Rates 244, 0
Hematocrits 244, 0
Stippling 15
Immature cells : 63
No, of individuals examined No, with Clinical lLaboratory
exam abnormalities
New personnel : 92 * 28 or 30%
Controls 256 % 66 or 26%
Jork Hazard group ans #211 or 25%

# Includes only abnormalities of the WBC ( below 5000) reversal of
Neotrophile, lymphocyte ratio and immature cell.
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IV, (Clinical Research Group — S. Schiartz

I. Eff ct of Tuballoy iLxposure on Urine Catalase iixcretion
with Louise G, Holt¥

Incrcased urine catalase concentration following ex osure of rabbits to tuballoy
was recently described by i. L.Dcunce and colleagues of Hochester, liew York. A
significant increase in catalzse activity of urine of hu.ans with hceavy T ex osure
was also claijued .

During the past severzl months sie have been investigating urine catalase in both
experinental rabtbits and in project members exposed to verious cougounds of tubal-
loy. The method used here is besed on the iodowetric Litration procedure of Balls
and Hale®#* yith a few minor modifications of cur own. ..e have chosen this proce-
dure instead of a manometric mcthod, such as is used by the Rochester group, be-
cause 1t was felt it was more accurate and more suited to routine leboratory work.
The procedure, in brief, follows:

1. To 10 cc. of cold phosphate buffer (pl6.8), 3 cc of cold 0,02 normal 1150,
solution and 2 c¢ of urineare added. idix sently. Incubate in an ice
bath for 30 minutes. (1 cc urine and the equivalent of 20 cc or iore
reroxide solution was used in most rabbit studies becauce of the large
amount of catalase present.)

2. Remove from ice bath and add 10 cc of 2 normal 1,50 , 10 drops of sa=-
turated molybdic acid solution, and 10 cec of 107 po&assium iodide sol-
ution. '

3, Let flark sit eight to fifteen minutes at room temperature. Titrate
with 0.0l normel sodium thiosulfate solution, adding 1 cc of a starth
solution as indicator :fter most of the initial brown color has disap-
peared. A sharp end point is reached with complete disappearance of
the blue color,

Because urinary reducing substances other then catalase might decowpnse peroxide,
we have sitempted to control out studies with various types of blanks. The data
coverod in this r.;ort was obtained using one or both of the following urine blanks
for each sarple.

1. Urine blank with sulfuric acid added before the addition of peroxide
(to inactivate catalase,) and titréted without incubation.

2. OJame as #2, but incubate blank one half hour after-addition of sulphuric
acld.

~
~

+ e are indebted to Dr. E. S5. G. Barron fbr his kiﬂd %ssistance in these studies,

it Journal of assoc. of Official Agricultural\gyekists, 15, 423, 1932.
~
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3. A water blank was also obtained in most of the studies.

Catalase is quantitated in terms of the difference between the thlosulfate neces-
sary to titrate the unknown and the blani., 1/10 cc thiosulfate differcnce is ejui-
valent to 0,011 cc of oxyren as determined menometrically.

Ae Rabbit Studies

The samples stood, as a rule, froz one to tuenty-four hours without preservative be-
fore being studied, Fart of the catalase activity was therefore, due to bacterial
catalase. Determinations done on "fresh" urines or on urines collected under tol-
uene, or in a bottle immerscd in a dry ice-acetone mixture, however, showed the

samc range of activity. Urine blank f1 was used in most of these studies,

Hemochromogen studies on 3 cc urine sangles were, .7ith only a few exceptions, al-
vays negative, Because of the rel:tive insensitivity of this test as co.pared to
catalase, howuever, this does not cxclude the p.ssibility that red cells might be
the chief source of the urine catalase,

In the following, 21l data is given in terms of thiosulfate difference per cc of
urine.

1, Control rabbits

64 determinations on 13 control rabbits have been performed, Range of vslues:

0 (only once) to 34.6 cc thiosulfate (0 to 3.8 cc of oxyren). Average value: 4.94 cc

thiosulfate (0.552 cc of 02). If we omit seven determinations, which were much
higher than others done, an average value of 3.2 cc of thiosulfale is obtained. The
lowest cverage value for any rabbit .as 0.8 cc of thiosulfate, (5 determinations),

2. T injected rubbits

6 rabbits were injected with 4 milligrams per kilo ram of Tii03, (generally a
lethal dose). Urinary catalase excrstion rose from an averagé value of 1.8 cc
thi-sulfate to 18.4 within 24 hours. In those rabbits thet survived, peak va=-
lues of about 70 cc thiosulfate were obtained on about the {ifth day. In one to
two wecks, catalase excretion returned to the normal range.

It might be pointed out that in all these rabbits, there was merked kidney damage
as evidenced by the fall of urine speccific gravity from control values averaging
1.047 to averige values of 1.011 for the first week. These specific gravitles
returned to ap-roximately normsl only zfter 5 - 6 weeks. Only two of the rabbits
showed more than 2 plus alburminuria; some had elevated urice catzlase values
iith no increase in albwainuria. all had 2 rronounced diminution in urine volune,

B, Studies of Project Personnel

Regardless of the procedure used no significant difference has been noted in the
urine catalase of control snd T-exoscd grou;s. The data is given in Tables I and
II below. The data in Table I fro.: the Chicago group includes 28 control indivi-
duzls and 29 T~exposed individuals at Site "G". The .ames [roup consists of 13
control individuals znd 41 T-exposed rersonnel,

PH18EbLb
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Table I.‘ Catalase ..etivity Studies on llwsan Urine.

Controls T-iixposed
Chicago Studies: Tests Range  Aversge Tests Range  Averape
A with 50 blank 19 0,05-0,25 0.11 24,  0.03-0.22 .11
B with ;2 urine il 0.04~0,11 0.06 17 0.03-0.15 0.05
blank
Ames Studies:
Chiefly 71 blank 14 0.0 -0.12 0.06 62 0.0 -0.17 0.09

A somparison of the titration prodedure used in our laboratory and a manometric
unalysis si:ilar to that used by the Rochester group has been mace. -The mano-
metric analyses were kindly done b’ Dr. K. S. Guzman Barron. It might be pointed
out thet the menometric studies were done at room teiperature instead of ice bath
temperature as used in our studies., A KCN trcated blank was used. The data in
both instances are ;iven in terms of cc Oy evolution per cc of urine after 30 mi-
nutes incubation wit! the peroxide solution, The accurwcy of the procdures is
roughly + 0,004, ' .

Table II. Comparison of Lanometric and Iodometric Titration Procedures
for Catalase Analysis.,

l.anometric Analysis Iodometric Titration

T Exposed H,0 Blenk =~ = Urine /2 Blank
1. 0,010 o 0,024 0.016
24 .009 .007 .003
36 910 013 .006
4o -01l4 .013 011
5e 013 013 .003
6, 010 .016 e
70 .003 0008 Nopam——
8. o006 0022 Sesemaman
9¢ .016 .022 O
10. .010. 008 ——

0,010 0.015 0,008
Controls
¥ale
1l. 0.013 0,019 - 0.006
12, 005 013 006
13, LJ13 ,016 : .003
14. 012 008 .03
15. JOLL +019 011

0,011 0,015 : 0,006
Female
16. 0,025 0.011
17. 019 013
18. 023 .016
15, .02, 022
20. 208 206

0.015 : 0,014




.

It might be rnointed out that *hivsulfete differences of .ore than 1 cc have been
found in hospitel patients or control groject members with alouminuria, but a
negative hemochromagen test on 3 cc urine,

Conclusions:

1. The injection of a kidney-damaging dose of ThO, intc rabbits is followed by

a prompt marked increase in urinary catalase activity lasting one to two weeks.

2. All control rabbits studies have far more catalase activity in the urine than
any hunens studies.

3. lo significant difference has been found in the urine catalase zctivity of the
huw.ans in our control and T-ex;osed troups. '

L. ‘hough our human ex osed group has & considerable average increase in urine
coproporphyrin excretion none of those studies hL:ve had an acute overwhelmlrg dose
of T which is in any way comparable to the dose administered to the rabbits studied,
such studies :.ust be made before the value of this test can be finally ascertzined.
The possibility is su-gested thit the elevated catalase velues found by the Roches-
ter group, might be due to greater ex;osure of their subjccts.

5. Studies of blood pigment concentrotion in uri e based on hemochroumogen analysis
in a concentrated specimen are planned to help deteriine .hether the catalase re-
presents a lecakage of red cells or zctual sloughed kidney tissue.

II. Studies of Radiation .ffects in a Patient Receiving Total DBc.y X-Ray

Studles have recently been corpleted on various radiation effects in a 58 year
old female, who received 156 r total body x-ray over a period of 18 days. The
parotid tuior, for which she was treated was first noted in 1929, It wes first
e:.cised in 1934, aguin in 1939, 1941, and in 1944, Kadiation therapy (dose %)
followed the first excision., At the time c¢f surgery in April 1944, the tuzor
had reached "volley ball" size, I'ulmonary nctasteses were thought to be prosent.
The patient had suffer.d a 40 sv weight locs in the past 18 months,

Treatment was divided into a series of almost deily doses, of 10 to 12 r each.
‘itemin B complex, vitamin C. feosol, barbituates, morphine &nd aspirin were
given before, duri g, and aftor therapy.

Treatment .:as discontinued on the 19th day, foliowing the first indication of a
drop in the total white blood count,

Urine studies were :xzde on consecutive 24 hour uri e collcctions. Blood studies
were mce on oxalated samples of blood, using essentially the technigue described
in the report of June, 1944 for the isoclation of white blood cells,

The avers.e values of various phosphorus fractions in the white bloed cells during
the contrel period, radiation period, and post-radiction period, cre given in Table T
below. The ration of adenosinctriphosphate to tatal acid soluble phosphorus, is
included as a check on the procedure used, since this velue .ould tend to correct
for any loss in white cells or error in the white blood count,



Sl .

Tsble I. .hite Cell ! hosphorus Fractions in Patient Receiving 10-12.5 r Totul Body
X~Ray Almost Dzily. (Total Zffective Dose: 156 r.)

Control Feriod Radiation Period FPost-Ladiztion

Total phosyhorus 2,18% 2.66 2,19
Tucleoprotein plus 1.46 1.90 1,50
Lipoid P

Acid soluble P .76 .76 RIA
Adenosinetriphosphate P .06 .19 - 111
ATP - P x 100

aeld soluble P 709‘,2; 21:6,02 1700
llexosedij:hosphate

plus phosphopyruvate P .08 07 04
"Inorganic" P «20 017 0.13
WBC . £300 7244 2500

# Values are given an terms of gau: + phosphorus/million white blood cells.
Total rhos;horus is not equal to the :.m of the nucleoprotein — lipoid phosphorus
plus acid soluble P in these average values since one or the other of these deter-
rminations was not done in every instance,

Unfortunstely no attempt was made to subdivide the nucleoprotein plus l1i;oid phos-
phorus fraction in this study. rrocedures are now being .orked out to quantitate
the white blood cells nucleic acids both chemically and by mecans of Beckman absorp-
tion studies to determine whether they m ght be the cause of the rise shown.

As noted in these figures, the most spectecular finding was the prompt, merked, and
sustained rise in the adenosinetriphosphate content of the white blood cells. Of
great inlercst also; was the very marked rise in the excretion of urine coproporphy-
rin during the last week of life, associated with increased values for urobilinogen
and other urine pigments.

Urorosein determinations, unfortunately, were not done during the first two weeks
followlng; institution of therapy: hence the brcak in the curve shown,

The method used for the fractionetion of the white blood cell constitutents waes
suggested to us by Ur, K. S. G. Barron, It is bzsed upon sclubility in 1.5
trichloracetic acid, and on fractional hydrolysis at severn minutcs and one hour
in a one normal HCl colution. The so called adenosine-triphosphate fraction is
the diffcrence betweenthe seven minute hydrolysate and the unhydrolyzed fraction.
Vor: specific identification of this fr:ction is, of course, needed.

1118800
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Studies of urine coproporphyrin isd mers in T-exposed project personnel continue to
indicate that the incroase found is due chiefly to the type III isomer. & complete
report of thesse studies will be presented next month,

III. Urine Copro;orhhyrin Isomers in Human Subjects.

IV Studies of U rorosein and uther Urine rigments,

Studies of project jersonnel continue to reveal elevated values of urine ururosein
and other pigments. The mecthod used has been described in the report of February
1944, The pertinent data is suumarized in tsbles I and II below.

Table I Absorption Studics of Urine Uroroseir Fraction

520 mu 400 mu
Exposure Unoxidized Oxidized Unoxidized Oxidized
‘ No. & 2~igh To.  Z2o~lit 10, b 2=bt No, G 2=k
Controls 33 3 33 6 33 6 33 6
3light mixed
exposure 62 9 57 32 62 16 58 28
Radiation L 20 L2 38 50 20 52 L8
- T-ietal 82 17 80 29 83 14 T4 24
lon T~letal L6 17 45 40 4, 16 46 26

Table II Urine Urorsein(ibsorption Band 543 mu) in Project Personnel.

% Unoxidized Z Oxidized
osure No. positive Noo positive

Controls 33 3 33 36
Slight mixed

exposure 57 12 52 69
Radfation AR 2 37 92
T-Letal g0 9 80 55
Non T-lctal 51 A 51 69

The reasons for the obviously non-specific increases in urine piguent are still
unknovn, It is ho;ed thet light may be thrown on this problem by abgorption
studies usiry the Beck:ran snectrophotometer.

Ve Squdies of T in Urine
ith George R I'rice und Renato Ferretti.

Studies aiming at the development of a relutively si.ple, ra;id, sensitive and
accurate method for the micro-quantitation of T in bioclogsical materials are con-
tinuing. Our efforts to date have been concentrated al:ost entirely on urine.
Changes both In the spzaratus and in procedures are still continually being made,
¢ have been handicapped, too, by the lack of s ace where adeiuate precautiocns
might be tsken., In spite of this a sensitivity of 00,0001 m'crogrum of T has
been achieved using & fluoroshotometric mcthod of uznalysis for T in fused nLaF.

-
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1. A very sensitive 931A electron multiplier photocell. This jhotocell is
stabilized by cooling with dry ice,

2, A galvonometer with sensitivity of 0.0006 micro amperes per mm deflection,
equipped .iith a variable shunt,

3. A special lens system,

L. & hirh voltage source of direct current.

5. A& L1l Generzl Slectric uercury arc lamp.

a. Apparatus

b, l.ethod

idd sbout 0.1 colume concentrated K0, to a small sample of urine. &vaporzte 0.1 ce
urine to dryness in a platinum dish ofi a warm hot plate. =~sh by heating in a flame,
Add a.out 150 milligrass s;ecially rure Nal'. Heat again to fuse the liaF. .uantitate
b co.parison with one or more fluorescent stundards.

Different 0.1 cc samples of urine studied to date have been fcund to produce from
30 to 60 percent quenching of T-l.aF fluorescence. The curve shown 1n figure I
oblained by adding varicus amounts of T to portions of a co.bined saiple of urine
fro.i medical students.

One unit on the curve corresponds to approxi.ctely 0.001 micro amperes which will
cive a galvonometer deflection of 1 2/3 devisions vhen set for moximum sensitivity,

¢. Urine T Studies in Humans

Studies of urine T concentratio: in smes personnel show a reasonable correlztion with
T exposure (chiefly TF ) as indicated in Table 1 below., These urine, according to
1nstruct10ns, were passed at home into 2 clean bottle immediately after bathing.

A nitric acid rinse of the bottle in which the urine was shipped to us wes added to
the urine to uizke sure thaot no T was lost b adsorption on the glass.

In this table personnel are divided into three main groups according to exposure:
Group I: Chen'sts exposed to little or no T,

Group II: Personnel in the plant supposedly having only incidentzl T exposure.
Group III: Ioderate to heavy T exposure.

A1l urines were studied at least in duplicate. The aversre value was multiplied
by 1.4 to abtsin a partial correction for nuenchinsz, (Lee toole II for details.)
The microgrzms of T so obtained were multiplied by 10,000 to convert from 0.1 ce
to one liter.

P1188 1l
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Table I: Correlation of Urine T .ith zzposure

T_Exposure icrograzs T/liter urine
Sroup I
1. 4. V. .
2, H. B. ' less than 3
30 Ro Bo 7
L. J. P. less than 3
5. R. K. less than 3
b, ..l 10
, average-less than 5
Group II
1. C. L. 18
20 0. 1..;0 16
3. C. R, 15
L. R. T. 0
Average-=2
Group Il
1. So L. ' l{l}
2. B. S, L8
30 Ja To 29
Le A, J. 43
5. L. B. 25
6. L. S. 12
Te Co i 50
8. D. . 73
9. DO L' ‘ 31
10. k. . 58
11. D. S. 28 6
Average~~40

In order to correct for the variction in the quenching produced by different urines,
experinents were run in which urines fro. ames personnel having different amounts
of exposure to T were read both as originally obtained and after the addition of
.1 rmicrogrems of T to each cne-tenth cc sauple. The difference bet.ueen the two
groups of readi s is due to the cdded .0l m crogram, and b comparison uit! the
readings obtained with this much T in the cbsence of urine, or in the presence of
mixed nedical student urine, a rou'h mez ure of the amount of quenching can be ob-
tuined. issumin s thet the © loss through juenching is independent of the amount
of T present {as indicated in Figure 1), we derive a corrcction factor that will
correct the ames urine to the calibration curve oitained with a sauple of mixed
tiedical student urine,

; \:
i
i~

readings of a number of determinctions, "[I". The standard deviation, DA

In tecble II the columns hecded "Orisinal Urine" and "Urine plus T" givizhhgmgxgyage
is listed in the colwmns hecded "s*. () indicz.es the difference outaihcd

t

PE188710



- ]
Y

Sy

addition of Ol micrograms: % auenching refers to the percent of 367 that is

lost. The correction factor corrects to 276, ihe value for .Ul microgruis in

the mixed medical student urine. The next columgives the corrected reuding cbtai.ed
* by the use of the correction fuctor. The amount of T recad from the calibreas-

tion curve multiplied b:r 10,000 gives the results in liters instead of 0.1 cc,

Teble II: Studies of Fluorescence Quenching Produced by Urines of Ames

Personnel.
liere
g corr. grams
Urine quenche fsc- Corr. 1/
T lxp., Urine N 8 T N §8 4, __ing _tor Read. liter
Ao
1. 367
B, 276
C.
1. 3.4 5 L2 229 4 24 226 38 1.2 L1 &
2 Lol 3 2.5 223 2 11 218 41 1.3 5.3 3
3. 4.0 L 3.4 220 2 29 216 41 1.3 5.2 (3
D. ‘
1. 122 6 19 380 2 L2 258 30 1.1 134 L,
2. 80 6 16 236 2 11 156 58 1.8 144 48
3. 58 5 5 238 2 5 180 51 1.5 87 29
Le 93 318 292 2 1 199 46 1.4 130 43

Average 1.4

Group A: Pure T (No urine)
s ledical 3tudents
Group C: Negligible Exposure
¢ Heavy uxposure

The average correction factor of 1.4 is used for all the urines not included
-in this table. Its use on the above urines, instead of the derived correction
factor, would not have caused any change amounting to as much as 30%,

The very lurge deviations among the lowest level dishes can be greatly reduced
when special precautions are taken, as was done in the case of the calibration
curve., These precautions require considerable extra work. In the absence of

adequate laboratory space, some occasional contaminstion is almost unavoidable,

Preliminary studies have been muace employing various organic solvents to
achieve further purification by extr:ction of T {roi urine., These procedures
are promising as regards other biological msterials. st the present time,
however, .e feel that the nethod ;rojoused in this re ort is adejuate for rou-
tine urine T studies,

118876
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K. . >ole, ection “hicf

A. Radioactive 'aterials ~ “armmals

1. 12131 vapor.

A group of 21_rats were expnsed to air containing a very low concentra-
tion of carrier-free I_1°L vanor { 8 x 107 curies/liter) for 30 minutes to obtain
rate of ubsoration thr%ugh the lungs and subsequent distribution of material ad-
ministered by this rute. 'ihe r .sults miy be sumarized as follows: (1) Roughly
10 percent »>f the iodine inhaled by a rat .as retained. {2) Rate »f absorntion

~from the lung was rupid (like iodide absorption from the rat), with over 95 ner-

cent of the i>dine absorbed during the 30 minute exnosure. (3) Fate of iph:led

i>dine wuas semi~-quantitativcly sinil r to fed iodide - within 24 hours 10 nercent

w:s in the thyr»id and thc othcer 90 »crcent had been excrited in the ur.ne,

Chzikorf's firzures in the literature ror fed i>dide indicnute a ~uch larger thyr»>id
depnosition, 65 7 rcent,and a correspondingly smaller excretim,

2. nero:ol e»dsurc m:thods

a good deal of time has been spent in c¢instruction of a static chumier

and methods of oSroducing nerosols vhereby we cun increase in the efficiency >f utiliza-
tion of material., one of two gcner.l lines along .hich we are working is spraying »f
solutions in volatile soslvents with subsequent evanoration >f destruction of the
soluvent. Ir this comnection work has been done on the sreparation und properties

of organic complexes {cupferride and oxine, in particular) of product and various

i sion products. :ittempts have been made to dissolve the materials in low boiling
non-toxic substsnces such as the freons snd allow the solution to atomize through

an orifice. .lso, we have tried t> atomize ethyl acetate s:-utions through a spark
which combusts the solvent to COs.

The second line along vhich we huve worked is the electric arc as a means
of nutting up material. A number »f different tyles of electrides have been tried
in atmosnheres of varying oxygen contents, the arc usually being oper ted at about
50 volts DC, It was t'ound that all the active m-terial eould be burn:d off a car-
bon electrode in a few seconds but wvislent th rmal imsingmint derosited uetivity on
the chiumber walls,

Both the gener-1l mcthods outli~ed =bove have so £r given 15 to "0 nercent
of thc starting m-terial in the final aerosol. .ork is continuing to stco u» this
eff'ici.ney.

3. Fission mixture (mainly.cerium) aerocsol.

anim-ls vere ex»ased to dry aerosol £ a fission mixture ores ratiomn
which was mainly long lived Ce, Jufficiont =bsorbor wus used i: counting s> th 't
our dati cun rob bl be interarc ted as Ce data. Loss fr.m the lung was slowcr
than with yttrium but faster th n zirconium. ..fter 56 days, 0 rercent o the -ctivity
originally in the lune ~as in the skeleton, 18 percent still in th. luns, 5 nercoent
in the liv r, und the >thcr 60 nercent was no longer i, the anim:l,

4, Yttrium (5%7d) serososl.

i, Tracer esposure
: A tracer run with 57 day yttrium as a dry azerosol has bocn caryi~cy
out but data arc not yet complete, Half thc activity in the lung was gone in lecs




than a day and 90 nercent w.s gone in & days.

b, tiirh lev.1l exposure,

4 high level yttrium run was carried out which deposited an aver-
age of 26 amc in the lungs of each rat. Rats killed after one week hnd histologicully
nornal lunpgs after a t tul lung dose of 1500 r,

- 93
5. Zr99-Cb - metabolism and toxicity.

a solution of ur 93 . Cb_g5 was injected into fiftecen rats, Five of the rats
reccived the soluti n intraperitoneally, rive by hcart puncture, and fivc by injec-
tion into a tail vein. Ten t> twenty nercent retcntions in lungs and liver were
found after ten days, in animals injected intr-venhusly and intracardially. In these
aninmals r.tention »f the r~dioactive substances at the site of injection was about 17,
In th case of intr:neritonealy injections ab-orptioa from the site of injection

was ~bout 75 sercent, & pePecent Hf which was r taincd by the liver snd about 0.5
pcrcent by the luneg:, y all rrutes, 15 n»ercent £ the sbrorbed activity w:s taken
up by the :=keleton, and 30 »ercent :xcreted in th= wrine.

The 15 d v mid-lethal dose of I -Cbg" solutionn is ngt 51M8/wm
rats. This dnse asoroximates thc mid-leghal gpacﬂ >f 189 and Ba .
unlike thcee al%kaline earti,, injected .r°" =3 caused extens1ve dimace tn soft
tissues. Upon gross exarwination nfter zut sy, hemosrrhages were fund throush-ut
the gastro-int. stinal tract. The iivers @ ere unusuall: »nale,

61 :sreg

a, Radionutograshic dosimetry.
. fermr from & rabbit injected ~ith .Tr°° was imb cdded in methyl

methoreryl.ute, cut in half ond placed in contact dthphstogrushie film, UYhe ex-
joscd film was devely ed under staandard ¢ :nditins and the radiation int ncity detor-
mined by co~parison with film expsed t> a calibruted =t ndard. The numbers on the ato-
gra-h - (Plate I) reprosent r/hr rcceived by the tissues at the varisus »)ints in-
die:ted. The relative values are fairl: accurate. The absolute v .lues arc sub-
jeet to revision.,

b. Chronic effects »f .r89,

ABC and CF, mice that received injection of rudi ctive «tr ntium
in .pril are shoywing tum rs in both thc controls and experimental animals,_ ‘Thus
far 2 bone tumirs, 2 mediastinal lyrmohiias, several lung tu-ors =nd a ~reast tumor
have been seen, ne > thc bone tu.ors was in a control animals, Two tunor mas.es
from treatcd animals werc tcoted for radio-activity. ine was 1 mediastinsal lymph-ma
which .as inactive and the other was bone tumor which -h ved ¢ nsider=able acti ity,

t
¢. ixternal Count of .niwnls ontaining Radi»- trontium,

Calibration »f =2n ext rnal cHunter {Hr micc has been made by om-
naring external counts with ash counte >n 10J =nimals injected ith °»
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than a day and 90 percent uas gone in 8 days.

. b, lligh level exposure.
4 high level yttrium run was carried out which devosited an aver-
sge of 26 #c in the lungs of each rat. Rats killed after one weex had histologi-
cally nor.al lungs after a total lung dose of 1530 ro.

5. Zr93~Cb93 metabolism and bLoxicity.

A solution of Z.r93-()bc"3 was injected into fifteen rats. Five of the rats
reccived the solution intreperitoneally, five b heart puncture, and five by injec~
tion into a tail vein. Ten to twenty .ercent retentions in lungs and liver were
found after ten days, in aniacls injected intrsvenously cnd intracardially. In
these animels retention of the rediozctive substances a2t the site of irjection was
about 1%. In the cese of intruperitoneal  injections absorption fro.. the site
of injection was sbout 75 percent, 6 percent of uhich was rebeined by the liver and
about 0.5 percent by the lungs. By all routes, 15 percent of the absorbed activity
was taken up by the skeleton, and 30 nercent gxcreted in the urine.

The 15 day mid-lecthal dose of zr? cp73 solutigns is zbout 5 17 gm in
rats. This doee arproximates the mid-lethal dpges of 3r°7 and Bat40-La™*", But
unlike these alkaline earths, injected Zr’“-Cb’- caused extensive darapge to soft
tissues, Uron gross examination after autopsy, hemorrhages were found throughout
the gastro-intestinal tract. The livers were unusually pale.

6, 5r89
2o Radioadtographic dosimetry.

A femur from = rabbit injected with Sro? was izbedded in methyl
methoerylate, cut in half and placed In contact with photograziidic film. The ex-
posed filn. was develored under standard conditions and the reodiztion intensity
duternined by comparison with film exposed to a calibrated standard. The num-
bers on the autograph - (Plate I) represent r/hr received oy the ticsues at the
various roints indicated. The relsztive values are fairly accur:te. The absolute

vzlues are subject to revision.
b. Chronic effects of 5r89.

4BC and CF, mice that received injections of radioactive strontium
in April are showing tumors in both the controls and experi.ental animale, Thus
far 2 bone tumors, 2 mediastinal lymphomas, several lung tumors anc a broast twior
hove been seen. One of the bone tumors was in a2 control animal, Two (iur nlsses
from treated ani.als were tested for radio-activity . One was a nediestinzi lyuphe
oma which was inactive and the other was bone tumor which showed considerable ac-
tivity.

c. External Count of Animals Containing Radio-Strontium,
) Calibretion of an external co: nter for mice has been madg by com=
pering external counts with ash counts on 100 animals injected with Sr°9, Using

an electroscope for the ash measurement and s mica end-window tube and wire screen
box for the externzl counting a conversion factor of 8.7 x 10™* Mc/external count/
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min, was obtained, that is, a mouse containirg 1 sc of 5189 would give an external
count of 1150 counts/min. The external count is 4 percent of the ash count on the
same animel counted on the open counter. A caleulation of a factor which combines
geometry and ebsorption by mou'se, screen etc. gives for this externsl counter a
factor of ,052 percent for the mouse and 13 pereent for a cepsule. The mica
window tube hes recently been replaced by an elongated thin walled G-M tube and
the screen chamber replaced by & cellulose acetate holder. This set-up has been
calibrated by comparing the externsl count and ash count on 12 mice. The conversion
factor is 6.4 x 1074 uc/externsl count/min, which gives a geometry and absorption
factor of ,067 percent. By proportion the present set-up gives an external count
ecuivalent to 5.1 percent of the ash count under the comparable geometry.

It was found in a large series of mice counted with the skin on and after
the skin was removed that 50 to A0 percent of the activiiy detected by the external
counter was agbsorbed by the skin,

No correlat%on could be found between tge size of mice injected intra-
peritoneally with Sr 9 and the percent of the Sr 9 retained, es determined by an
ash count, after two to three weeks. However, the external counts tend to be lower

for the larger mice but with no constant size factor,

7. Fission recoil producis.

Rzdicautographs have been prepared and histo-pathology studied on rats
which were exposed to fission recoil products in the Clinton pile, A complete re-
port will be submitted from the Clinton Laboratory.

B. Extermal Radiation
1, CSingle doses of X~-radiation
a, Teight

Study of the weight of rats receiving 10 r, 25 r, and 50 r, shows no
significant e“fect on their subsequent growth. These results do not agree with a
previous report but are more reliable,

b, Histopsthology

The gut of rats expcsed to 900 r showed changes in the surface
epithelium and dense connective tissue infiltration of the lamina prorria, neither
of which effects were marked in the previously reported 600 r rat series.

Six rabbits exposed locally (ome leg or anterior third of body)
to 2000 r and 3000 r showed only such slight changes in shielded organs as might be
explained on the basis of incomplete shielding,

2. Paired doses of X-radiation - survival,

Paired dose studies cn rats indic:te thet recovery is exponential
the first ihree weeks after 300 r and that one-half recovery is accomplishe? in about
7 days. There is no evidence that the recovery rate changes during the pericd
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Paired dose studies on rabbits seem to indicate that there is a residual
effect from doses between 500 r and 900 r after 100 days, but we have been unable to
ouantify the residual damage.

3. 'Dailz doses_of X-radiation - survival,

Three of ten rats exposed to 12.5 r per day remain alive after accumula=
ting 3,400 r.

L. Acute effects of irradiation on dogs, QSingle Dose)

Dogs receiving 300 r or higher heve shown (1) shock resctions (prostra-
tion, vomiting, diarrhea) during the first 2 hours after irradiation, (2) a late
period of depression (rise in temperature, rise in heert rate and fall in blood
pressure) at 10-1/ days, {3) a gradual fall in hematocrit and plasma protein and
(4) death in 10-17 deys. Those animals which showed late adema, salivation cr
diarrhea also showed & late rise in hemabocrit and plasma proteins. Dogs which
received doses between 50 r and 200 r shcwed none of the above reactions although
they did show & leukopenia, Dogs showed gradual increases in plasma histamine at
all levels of irradiation from 50 r up. One dog which received 50 r showed an ine
crease of about 10 times in plasma histamine on the 42nd day,

5. Therapeutic Effects of High “ater Output.

Four normal rabbits with high urine outputs (200 cc/day) have survived
more than 28 days after receiving 800 r, Two rabbits were given 1,0 ce/Kg of 15 per—
cent NaCl and 1.0 cc/Kg of 10 percent glucose respectively intravenously daily for
two weeks after 8GO0 r. The urine output wes increes-d, both rabbits showed good
veight recovery and are in good condition at 28 days. These results zgree with
previous reports on the therapeutic value of agents which tend to flush out toxie
_materials,

6. Fast neutrons - gurvivel,
The median lethsl dose at 30 days for eyclotron fast neutrons on CFl
female m ce is approxi ately 57n, This is consicerably lower than the value ob-

tained by Zirkle at Clinton. The x/n ratio for these mice is 8.1, a value somewhat
higher then that obtained for rabbits or for Drosophils eggs.

C. Toxicity of Non-Redioactive Materials,
1, Slug inpurities - histology.

Cold slug metal impurities were made up in solution so that 50 ec con-
tained the equivalent of one slug. There were four groups of rats, each containing
one female and one male with the exception of one group which had only one male:

4) 5,0 cc by stomach tube 1M 1F 0.1 of a slug
B) 1.0 cc by stomach tube 1M 1F 0,02 of & slug
¢) 1.0 cec I. P. M 0.02 of a slug

D) 0.2 ce I. P, I 1F 0.004 of a slug




At seven days the kidney was danaged by all of the above dose levels,
With the exception of focel necrosis in the adrenal of the animal showing the most
severe kidney demage, nc other organs showed damege. It was not possible to make
quantitative corparisons of the extent of damage at the varions dose levels,

2, Tuballoy nitrate -~ histology.

Damage to the kidney was detected in rats given 0.5 mg of TOZ(NOB)2 by
subcutaneous injection as early as 24 hcurs after injection.
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Plate I

Fig 1 Photograph Fig 2 Autuograph of one helf of the fegur from a rabbit

which had been injected with 1 millicurie/kilogram of Sr®’ and died 3 days
later, The figures in the autograph represent dosage in r/hr in the varicus
regions of the bone. The bone is imbedded in methyl methacrylate. 2,5X
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Yetallurgical Laboratory

MFDICAL INDUSTRIAL HAZARD SECTION
J. J. Nickson, Section Chief
J. E. Rose, Associate Section Chisf

New Chemistry

Beta and gamma contamination in this building continues at much the same level
as during the previous month, For the most part the contamination is on small articles,

Little gamma radlatiorn has been noted.

A TX;; bazard hae been dlscovered im roem D-10A, Recommendations for installa-
tion of ven%ilation to diminish the hazard, have been made. Mall shipments of active
material from two outside ereas to the laboratory ceased recently.

West Stands

Rooms 8 and 9 were returned to routine use after decontaminstion. Widespread -
beta or soft gemma contamination again exists., Few areas of hard gamma are found,
This is in contrast to the conditions observed before the decontamination. Koom 217,
the hot lab, was used for several runs during the month, The room again shows wide
spread areas of radicactivity. As above, they are for the most part beta or soft

‘gamma, Both instances illustrate the fact that we have not developed satisfactory

techniques for handling active materials. The "reactivation" of these rooms occurred
prompily after work wgs initiated,

Construction of the solvent extraction process columns continues. The possible
haz ards involved have been the subject of numerous discussions with the iechnical

Division, )

Site B Annex

Fission product contaminetion of equipment has been satisfactorily controlled
during the pest month, Storage has also been satisfactory.

Armory

Unsuspectedly high activities in special materials occwrred only oncs. An

aluminun jacketed specimen was found to give approximately 2 r at its surface. It
had been plemmed to ship it by courier to Clinton, After the sctivity was discovered,

it was sent with a lead shield by truck,

Eckhart-Ryerson

The x-ray installations in Ryerson 153, have been shielded satisfactorily after
the discovery ihat up to 1300 mr per houwr (soft x-rays) was possible in certain work-
ing areas, . '

Site B

As a result of the findings discussed last month, recommendations were made to
the Director of the Technicel Division for the installation of some means of prevehi-
ing the escape of the TXyy into the air, It is hoped that this installation will be

completed in the near future,




Gy -

A recent survey using the technigues described last month indlicated that approxi-
nptely one-~third of the rooms still showed undesireble levels of T activity,

Cyclotron

Operations were suspended in this building during the pest month. Equipment
being shipped out is being survayed for activity. A general survey of the ares
reveals widespread low activities throughout.

Badge lletergs for the period 8/21 - 10/8/44.

Approximetely 500 films are developed each week. 7 films of project personnel
had readings greater than 0.6 r for one week, 4 of these occurred on persons working
in Ryerson 153, This room is used for x-ray diffrection work. The conditions respon-
sible for the over-exposure have been corrected. 2 over-exposures occurred at the
West Stands. The last over-exposure was on 8 member of the Health Physics group.

Pogket Metergs readings for the period 9/7 - 10/11/44.

81 meters gave a daily reading exceeding 0.1 r, Of these 35 were felt to be
velid readings, 18 of these were from the West Stands, 11 from the New Chemistry
area, and 6 from the Cyclotron area, The blood counts were normel in all bvt one
person, This individusl hed & 4400 white blood cell count, He is a member of the

semi=-works group.

b
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E, ASSQCL.TED ~ROJECTS

I. W.c. I.
R.R, Spencer, Chief

BIOL :GICAL ACTION OF X .ND GAITA LAY§

FICE: Total doses: 4800 r (8 r/day), 2400 r (4 r/day), 1200 r (2 r/day),

600 r (1 r/day), 63 r (0.1 r/day). Experiments started in the first months of
194%. The blood picture of the surviving experimental and control mice is con~
fusing as far as the control groups, those given an acute exposure only and those
given 0,1 r per 8 hours per day are concerned. The majority of the males and
some of the females show hish white counts between 10,000 and 20,000 (counts
between 3,000 and 8,000 are considered as mormal for LAF; mice). The reuson
for these high ccu:ts is obscurse, These high white counts are almost totully
absent in the mice of the higher levels (1 r, 2 r, 4 r, and 8 r per 8 hours ver

day). Red count and platelet count are normal in all mice with the exception
of some mice of the 4 r per 8 hours level and all mice of the 8 r per 8 hours
level in which it is low. Twelve more ~ice were found with malignant lymphoma
bringing the total up to ¢6 at present, The distribution of the lymphomes a-
mong controls and experimental mice is given in a table. It follows from this

tuble that only in some of the mice of the 2 r, 4 r and 8 r per & hours level
the incidence of lymphomas Was enhanced by the irradiation. T he total white

counv or inbrea sivrain A mice (started in May 1944) exvosed on the 8 r per 8
hours level (total dose 1350 r) which at the early stages of the expseriment

was considerably lower than that of the controls has graduelly risen and is

at present similar to that of the controls.

Hybrid Guinea pigs: Total dose 2400 r, 1200 r;600 r and 63 r. Experiments
started in the first months of 1943, The blood picture of the hybrid guinea »nigs,
exposed on the 0,1 r and 1 r per 8 hours levals as well as that of those given
acute exposures only oy limited exposures is essentially the same as that of
the c¢ontrols. The hybrid guinea pigs on the 2 r per 8 hours level, show all
counts lowered, especlally the platelet counts. -The surviving hybrid guinea
pigs of the 4 r per 8 ho%rs level show a considersble lowering of all counts
(R.B.C. down to 1.3 x 10~ =nd piatelets down to 5C,000). The inbred -uinea
pigs of femily 13 exposed on the 8 r per 8 hours level since april 194%4, idoss
1,500) show a lowered total white count and platelet count. The red count is nor-
mal. contrary to findings on hydbrid or inbred guineca pigs of family 2 whieh have
either died of aplastic anemia before this dose was reached or had iow red counts
for this doese,

Rabbits: total doses 3900 r, 1950 r, 975 r, 490 r and 48 r (exposed since
July 1943). There is no change in the blood picture of the rabbits from that
previously reported: lymphopenia with increasing total dose.

Inbred strain C3H females and hybrid LAF, femalss differ markedly in the
response of their ovaries to irradiation. shereas C3H females are sterile after
a total dose of approximately 400 r given at the rate of 4 r per day, some LAF
females bred (although with reduced litters) and other were sterile after 800 T
at 8 r per day, and all bred with norm:l1 sized litters after 700 r at 8 r per day.
On the 4 v day level LAFy mice bred normally after a total dose of 500 r but showed
a reduced litter size after 700 r. This difference between the 700 r at 4 r per
day group and 700 r at 8 r per duy group may bte “wing to the older zge of the 700 x
at 4 r per day group. '
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As yet the breeding tests have failed to show a marked difference between
the effects of ‘the continuous exposure and the 8 hour/day exposure when the total
dose is the same, After a dose on 800 r at 8 r per 8 hours some LiF, females will
breed although with reduced litters while others are sterile, This %s canparable
to the results of 800 r at £ r per day.

lale mice are more resistant to sterility effects of chronic exposure than
female mice, .hersas females becume sterile with doses around 800 r at 8 r per
day and 8 r per 8 hours, sterility appeared in the males after 1600 r + 8 r per
8 hours, Further more the males recovered whereas the sterile females have not.

Tests for trinslocations havc thus far failed to give evidence of chromo-
somisl changes in progeny of these chronically irradiated miece,

Tissues from one control =nd fifteen experimental mice were av:.ilable for
histologic examingtion since the last report. Gonadal atroohy, ovarian tumor:,
and lymphomas were observed, Their occurrence is rel :ted (only %o a certain de-
gree for lymphomas and alsc probably ovarian tumors) to level and total dose of
irradiation as previously reported om other animuls, Other findings, includi g
hepatoma, subcutaneuus hemangioendothelioma, subcutaneous sarcoma, aguamous car-
cinoma of the vaging, benign uterine polyp, pulmonary adenomas, chronic nephritis
with =amyloid disease of the liver and spleen, were encountered und considered to
he unrelated to the irradiztiom.
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1 Continuous exposure ior 8 hurs daily

Daily dose: 8 r, 4r, 2 r, 1 r, and 0.1 r, approximate totul doses up
to date of mice and quinea pigs (with the exception of the guinea sigs of the
8 r per 8 hours level which are all dead): 4800 r, 2400 r, 1200 r, 600 r and
" 63 r (acute exposures of 12.5 r znd 50 r not zdded). These are the original
experiments started between February and liarch 1943.

Since that time a number of new exneriments wers started; some of which
are finished,

(1) Female rabbits exposed on all levels since July 1943 approximate
total dose up to date 3900 r, 1950 r, 975 r, 490 r and 48 r (acute ex-
posures of 12,5 r and 50 r not added).

(2) Femele LAF. mice exposed to 5 r in 1 hour daily, one group receiving
in addition 0;1lr in 8 hours daily since l'ay 1943. This experiments was
finished in February 1944.

{(3) Hybrid ruinea pigs {mal® and female) exposed on the 8 r per 8 hours
level since December 1943, This experiment was finished in .ugust 1944,
{(4) Inbred guinea pigs (male and female) of family 2, exposed on the 8 r
per 8 hours level since November 1943 (male) and February 1944 {female),
This experiment was fi .lshed in lay and ~ugust 1944 respectively,

(5) Inbred guinea pigs (male und femele) of family 13 exposed on the 8 r
per 8 hours level since .pril 1944; approximate dose 1500 r,

(6) Inbred guinea pigs (male znd female) of family 13 exnosed on the 8 r
per 8 hours level since lay 1944. Approximate dose to date 1400 r,

(7) Hybrid ~suinea pigs {male and female) exposed on the 8 r per 8 hours
level since .ugust 1944, approximate dose up to the >resent 500r., The
purpcse of these zdditionzl experiments was outlined in orevious renorts
(Month of start of the indiviiual experiment).

{8) Inbred Strain A mice 8 r per 8 hours level, .8 the first mice re-
ceived on blood counts, another group of strain A mice was set up on this
level for blood counts in May 1944, Approximate dose up to date 1350 r,

Since the last report 26 mice were xilled and autopsied. They were killed for
various reasons such as: palpable tumors or rapid loss of weight or scveie sczema.
Twelve showed grossly malignant lymph :mas, Other lesions found were ov:rian
tumors, hepatomas, lung tumors etc. These lesions were considered not %o be due
to the irradiution., The animuls are 21 to 23 months old at present. 'he in-
cidence of ovarian tumors has not been tabulated as yet. The distribution of
the mallignant lymphomas among the different exherimental and control zroups is
as follows: 2 from the 8 r per 8 hours level (4500 and 4700 r), 1 of -the same
level which was exposed to a total 600 r bvetween the ace of 3 to 5 months and
then removed from the field, 3 of the 4 r per 8 hours level { dose 2250 to 2300
r), one of the 2 r per 8 hours level (dose 1200 r), one of the 1 r per 8 hours
level {dose 600 r), one of the 0.1 r per 8 hqurs ievel (chronic dose 60 r plus
acute dose of 50 r), one th:t had received an acute exposure of 12,5 r in §
hours et the age of 4 montbs,and 2 controls.

Up to the present the total number of mice with milignant lymphoma is 46,
The distribution among the different levels is given in the following table., A
number of these lymphomas have not yet been examined histologically, however,
only those were included in the table in whieh gross ezamination ieftv mo doubt

&0
oo
oo
e



. |UAUCK 2
- I 009 12 1 - I 009 e3 et 91 a0y fep Jed
. ‘gqgaed I 9
gauou T
e——- I 00¢ 03-41 2 - X 002 e 14 91 03 Avp ded
. ‘qygaed I §
es0p 1 0oL¥-0093 | ¥/¢ 83-2T | O¢ u I 008¥ ¢ 8 8y dep xed °U B
Jed x 8
Tesos 23 I 00£2-0041 22-8T | € u I 00%2 22-512 g2 8y Lep Jod ‘U 8
Jod I %
uogtJIedwod
uy (Ieus C031-008 £13-g1 | & u I 0021 g1e-12 1€ s¥ Lep xed °y @
e Ta12T Y90 xed I 3
goaneodxe| I 08G-0€C Zog-6T | @ . X 009 13 Le 8¥ fep 1od Y 8
ejnow Jod X T
‘dgoa &
os 09 23 1} 08 ® 2 ¢°3T I ¢5 $33 6¢ 8y fup xed ‘Y B
|yose oot 9T Jod & §°¢
0 c—— 6T | 1 I 0g --= {ez 4 ot (es0p e3108B)
N TOI3U0)
g2l ———- gz | T; x g°31 - fez (1) 9T (esop e3noE)
| T0X3U0D
-—-- -—= 3e-03 | ¢ - - £3-T18 et 2e ToI3U0)
, . e%8p 03
©80p OTUOIYD o80p gyauow Uy Juiatt eoTwm
es0p 93008 T230% odusx odv |°oNi 680D 8NOY opuoaYD suesead 11138 Jo Joqumu
BUOYAWAT juUeuSTTEW [3Ta 69%d | 1e30%L 48 84" Joqumy TeuydTI0. danoan _

seuwoydwd qurudTTed uo Bvled

.



n

as to the character of the lesion. There are 3 mice of the contral groups
which have developed spontaneous malipgnant lymphama, This indicates that
probably all malignant lymphomas in the experimental groups are spontaneous
with the exception of some of the 2 r, 4 r and oxnecially B8 r per 8 hours froups,

Since the last report 1 guinea pig of the 0,1 T per 8 hours level was
killed bscause of r:nid weight loss and -ne guinca pig of fumily 13 was killed
accidentally. One rabbit that had reccived -n ncute dose of 12,5 r, 12 months
previously died after losing 1200 gm in 3 months. Grossly the autopsies of
these animals showed nothing noteworthy.

11 Breeding Experirtents

The early experiment, in which the total dosc necessary to produce steri-
11ty in C3H mice was sought, showed thut a tot:=l fdose of approximutely 400 r
given at the rate of 4 r/24 hours wzs sufficient to producc sterility in female
C3H mice, However, this dose was not sufficient to nroduce gterility in male
C3H mice., This experiment has been repeated and the findings are in accord with
those of the original experiment. The histological pieture of the ovaries of
these females is essentially that found previously. The ovaries are devoid of
developing follicles, there are numerous anovular rings, some of hich have hya-
line centers and the organ is composed almost entirely of hiteal-like tissue. The
testes show normal spermatogenesis and are within the limits of the controls.
There is perhaps a slight reduction in the number of sperm present in the epidi-~

dymiﬂn

The resulis of the experiments using LiF; mice indicate that a tot:zl doss
of 400 r given at the rate of 4 r/24 hours is not sufficient to produce sterility.
The first indication of any effect was seen in the females which receeived & total
dose of 800 r at the rate of B r/24 hours, .hen theze animals were matesd, five
of the fifteen animals feiled to produce aay littles, The remailning ten animala
produced litters with an average litter cize of 2.6. LAF, females, vhich received
a total dose of 700 r at the rate of 8 r/24 hours, matsd Hnd pro uced litters
with en average litter size of 7.1 which fzlls within the limits of the controls,
Females receiving dosegup to 500 r on the 4 r/24 hours level showed normal litter
size. Those receiving a total dose of 700 r at the rate of 4 r/ 24 hours show &
definite rcduction in litter size, the average in this case being 2,3. Thise
reduction in litter size is probably in part an age effect due to the fzet that
they were not mated until they were aporoximately eight months of age. 7The fow
results available indicate en effect in the case of females which received a to-
tal dose of 800 r at the rate of 8 r/8 hours. Breeding results show an ~verage
litter size of 2.0 for these animals, The data seem to indieczte th t very little
difference if any exists in ths results sbt:ined for the animals receiving a total
dose of 800 r at the rate of 8 r/24 hours and thise receiving 800 r at the rate
of 8 r/8 houre, lowev er it is impossible at this time to say thut this is the
first indication of any damage beciuse of the meagre results vailgble at oresent
and aleo because of the fact that no breeding results are availuble for the group
receiving a total dose of 700 r on the 8 r per 8 hours lev €l. These latter animels
have only recently entered the field.

In order to test for the presence of tranelocations i~ the >ffsoring of irras-

diated animals, two breeding experiments are being run. The first of these, in
which the LAFp progeny of irradiated LaF; males which received 1000 r at 8 r/8 hours
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are being tested, has been in progress since June, To date there is no evidence

of chromosomal changes in the offspring. The second experiment in which the LAF,
progeny of irradiated LAF) females which received 700 r at 8 r/day are being tested,
has been set up recently. There are no results available in this experiment to
date,

; IX1 Hematology

Mice: The blood picture of the control =nd experimental mice having rcceived
an acute exposure of 12.5 r and 50 r respectively or a chronic exposure at the rave
of 0.1 r per 8 hours per day is somewhat confusing, Up to a few months ago the
total white count of these animals fluctuated between 3000 and €000, with the fe-
males usually having lower counts than the males, .8 already poiated out in the
last 2 reports but increasing at present, the majority »f the male mice and some
females show high total white counts between 10,00 and 20,000 with differential
counts either n:'rmal or with high percent neutrophil counts, It is not ncssible
to eay whether this i: due to an infection or whether it is am old age effect,
The animals eat mormally, are active und show fairly constant weighis. Some of
them may be develowing pelignant lymphoma but, as stated in previous renorts,
the typical blood picture of lymphogenous lsukemis is present in less than 50%
of the cases with malignant lymphoma. FRaed count and platelet count of these ani-
mals are within normal limits. These high total white counts are much less fre-~
guent or absent in the animals of the higher levels ( lr, 2 r and 4 r per 8 hours
per day) and the total white count is within the.above mormal limits., The red count,
and the platelet count are within normal limits with the exception of some animals
of the 4 r per 8 hours level (total dose 2400 r) in which the red count is lowered.
Most of the remaining mice of the 8 r per 8 hours level (doss 4800 r} show & nor-
mal white count (5) and the remaining 2 (meles} counts between 10,000 and 20,003.
Same - show & high nc¢:4rophil count. The red count and platelet count are lowerod
in all. The mice of the 8 r per 8 hours levol which were removed sfter having ro-
celved a dose of 300 r or 600 r respectively show approximately rormal counis,

The strain A mice exposed on the 8 r per & hours level ( dose 1350 r) show
total white counts ranging between 3100 end 8000, that of the controls lies bo-
twoen 4000 and 8000 except for 2 having counts above 10,000, It may be recallsd
th-t at the beginnin~ of the experiment the white count of the ezperimental eni-
mals showed a rapid drop resulting in an average count of 50% of that of the contruls.
At present aversge counts of experimental -nd control snimals ars approximatsly the
same,

The hybrid guinea pigs exposed since the beginning of last year of the 0.1 r
and 1 r per 8 hours level as well as those givem :ncute exposures only, shov csseh-
tlally nommal counts aa compared to the controls., Some of the amimals of the 2 r
per 8 hours level (total dose 1200 r) show lowered total white counts ( some with
relative lymphocytosis) and in some considerably lowered rsd and pletelets counts.
The surviving animals of the 4 r per 8 hours level show &ll counts lowered in vary-

ing dsegrees, R.B,C. between 4 and 1.4 x 106 and platelets between 200,000 and
50,000, The inbred guinea pigs of f:mily 13 expossd on the 8 r per 8 hours lcvel
(total dose 1500 r) show low total white counts (average 4000} and low plutelet
counts between 200,000 and 80,000, Ths red counts are normal. It is interesting
to note that at this dose on the same level 59% of the hybrid guinea pigs died of
aplastioc anemia, the remaining showing low red counts., ailszo at this dose on the
same level the majority of inbred guinea pigc of family 2 had died of aplastic zpne-
mia
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The hybrid guinea pigs exposed on the 8 r per 8 hours level since August
1944 (dose 500 r) show lowered white and platelet counts with red counts es-
sentially nommel. (2 experimental and 2 control guinea pigs of this series
were killed and autopsied at the beginning of October by Dr. H. Lisco. The
two experimentals have received an aporoximate dose of 350 r),

There is no essential change in the blood nicture of the rabbits from
that reported previously (lumphoma with increasing total dose),

IV Pathology

Mice--Tissues from 16 mice were examined histologically since the last re-
poxrt. ,

Seven of these had been exposed on the 8 r per 8 hours level { total dose
4200 t0 4400 r). In three males there was extreme tubular atrophy of the tesics
yoct with several masses of irmature spermatogenic elements in two and spermatozos
in one., Lymph nodes were small in size but contained ginnt follicles. There
was no atrophy or fibrosis of the bone marrow, The four female mice all had
malignant lymphomas and ovarian tmmors. The latter were composed of granulozz-
like cells in so0lid masses in which thers were iavuzinate downgrowths of the gur-
minal epithelium., In all femmles the uterus was atrophied. In these seven mice
numerous other changes were observed and considered to be unrelated to the irra-
diation, these included a hepatoma, a hemengiocendothelioma of the chest well,
pyelonephritis and amyloid disease of liver and spleen,

Two femele mice that had been exposed on the 8 r per 8 hours level (toctul
dose approximately 300 r) at 2—’,; to 35} months of ages had ovaries devoid of folliclus
when autopsied at 20 months of sge. There were extensive inveginate downgrowihs
of the germinal epithelium in these ovarics, One 2nimal hed a malignant lymphonz

apparently arising in the mesenteric lymph ncdes., The .other had a benign polyp
of the uterus and a subcutaneous sarcoma in the suprapubic rsgion, which wers
not considered to be related to the irrzdiation.

One male mouse had been exposed on the 4 r per B hours level ({otal dose
approximately 2100 r). There was perhaps slight tubular atrophy of the tcstes bul
thers was active spermatogenesis in all tubules ané mature spemmat&zoa in the
epididym’ns. The mouse had malignent lymphoma arising in the meseteric lymph nocdes,

Two male mice had been exposed on the £ r per 8 hours level (total dose
approximately 1080 r), The testes appeared normal. Both animals had malignant
lymphomas, Other organs anpeared normal.

One male and two female mice had been sxposed on the 1 r per & hours level
(total dose aporroximitely 540 r). The testes of the m=le anpearsd normal vhile
the ovaries of the females were dev,id of follicles and there were invaginstive
downgrowths of the germinal epithelium,., One female had a mulignant lymphoma.
The bone marrow of these animals was not atrophied,

One control female mixse came to autopsy at 19 months of age, The ovaries

contained numerous developing follicles., This animsl had a malignant lymphoms
and a squsmous cell carcinoma of the vagina,.
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