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CHAPTER 1

INTRODUCTION

The Biological and Medical Research Group (Group H-4 of
the Health Division) of the Los Alamos Scientific Laboratory
has not issued progress reports since 1957. Rather the
policy has been to report work only when complete in the form
of LA-documents or as manuscripts submitted directly to
national and international scientific journals. Although
publication directly in the periodical literature probably
results in the widest distribution of the group's scientific
contributions, it does not provide the Laboratory Director,
the AEC's Division of Biology and Medicine, other national
laboratories, and other interested agencies with an easily
accessible and continuing account of the group's over-all
research effort and progress. A number of members of the
staff of the Division of Biology and Medicine have expressed
their desire for a periodic progress reporting system to aid

them in program planning and budgeting operations. Prior to
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1957, H-4 issued abstracts of cowpleted projects and work in
progress, either separately or as part of the Health
Division's annual report. Short abstracts were included also
in the Health Division's wonthly progress reports to the
Laboratory Director. It seems now that both of these systewms
of reporting failed to satisfy the needs of all persons and
agencies interested in following the programs of the AEC's
national laboratories.

This document is a first attempt at semiannual reporting
to see if it provides a more satisfactory means of disseminating
information on the group's program., This system of reporting
is based largely on that of the Argonne National Laboratory's
Divisions of Biological and Medical Research, and Radiological
Physics -- modified to fit the standard format adopted for Los
Alamos Scientific Laboratory reports.

The Biological and Medical Research Group is divided into
the following sections: Biochemistry, Low~level Counting,
Organic Chemistry, Radiobiology, Radiopathology, and Veterinary
Services, Reports of the various projects of each section con-
stitute a chapter of the general report. The project repofts
are, in most cases, documentation of progress made during the
past six months and do not constitute finished manuscripts or
final interpretations, and frequently data and conclusions are

to be considered as interim or preliwinary in nature. At the
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end of each chapter is a title 1list of reports and articles
written by section members during the report period. These
articles represent projects finished and published in the
open literature, accepted for publication, or distributed
as LA-documents.

The personnel of the group as of December 31, 1959,
their qualifications, classification, and group and section

affiliation are shown by the following table of organization.
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CHAPTER 2

BIOCHEMISTRY SECTION

ConJugation of Taurine and Cholic Acid in Irradiated Animals
(D. F. Petersen and R. G. Gould)

Introduction

Enhanced urinary excretion of taurine by irradiated
animals (1,2) and wan (3,4) appears to be limited quan-
titatively by a mechanism involving either selective oxida-
tion of a sulfhydryl precursor, or the liberation of finite
amounts of preformed taurine (5,6). Participation of the
pancreas in the production of excessive awounts of taurine )
suggested that the target organ involved in conversion of
precursors to free taurine might well be the liver and that
failure of the conjugation of taurine with cholic acid might

explain renal, rather than biliary, clearance.

Experimental Procedure

Taurine conjugation by liver homogenates derived from

~11-
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These data indicate that after doses ranging from 100 to
1600 rads of whole body X irradiation the most pronounced
effect on conjugation occurred following a dose of 200 rads.
Doses of this size were previously shown to cause taurine
production in the greatest amount (5). Thus, these data
demonstrate that the conjugation mechanism in the liver is
operative and that the taurine produced can be conjugated.
Since cholate was present in excess (7), these results are
interesting in that conjugation capacity followed taurine
production rather than decreasing it, as would be expected if
the hypothesis proved to be correct. At higher doses of
radiation, the extent of conjugation was essentially the same

as that noted in the control animals., At the present stage

FOSLS0 I

normal and irradiated (600 rads) rats was measured by the
method of Bremer (7) employing Sss-labeled taurine. Direct
measurement of in vivo conversion of taurine to taurocholic
acid was accomplished by determining free and conjugated 835-
taurine in the urine and bile of control and irradiated
bile fistula rats, Total taurine was measured by the method
of Ling (8.

Results and Discussion »

Measurements of taurocholate conjugation by normal and

irradiated rat liver homogenates are summarized in Table 1,

00131487.011
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of developwent, these data are difficult to interpret in the
absence of information regarding the total taurine and
cholate ~ontent of the liver after various doses of radia-
tion. Experiments are currently in progress to clarify this
point and should indicate whether the amount of taurine
present is the limiting factor involved in conjugation, or
whether after doses in excess of 200 rads conjugation actually
fails.

A second experiment was performed to test directly
whether excessive taurine excretion arises from preformed
taurine or frowm other sulfhydryl precursors. Four uc of 835-
taurine was injected into bile fistula rats, and excretion

of the 835

-label was followed both in the bile and the urine.
These data (summarized in Table 2) indicated that during the
first 21 hours after 600 rads, taurine excretion by both renal
and biliary routes was essentially the same as that observed
in nonirradiated controls. Total taurine was determined and
specific activities calculated for the first six hours of
excretion, These analyses failed to show significant changes
due to radiation exposure. Thus, these data confirm the
observation (9) that enhanced taurine excretion due to radia-
tion exposure does not arise from preformed taurine. It is
anticipated that experiments currently in progress employing

Sas-uulfhydryl compounds may define further the metabolic

-14-
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pathway leading to radiation-induced excessive taurine

excretion,
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Serum Enzymes after X-ray and Gamma-Neutron Irradiation
(D. F. Petersen and L. B. Cole)

Introduction

Previous studies in this laboratory (1,2) and by other
investigators (3,4) have shown that activity of a number of
enzymes normally found in the serum is increased by exposure
to ionizing radiations, While some disagreement exists
regarding the time of onset, magnitude, and duration of
radiation induced increases in serum enzyme content, it has
been generally accepted that owing to variability of the
response of common laboratory species serum glutamic-
oxalacetic transaminase (GOT) measurements in particular are
unsatisfactory as an index of radiation injury. The present
study was undertaken to assess factors responsible for the
variability and to determine the fate of enzymes released

by injured tissues into the peripheral circulation.

Experimental

Adult male Sprague-Dawley rats, female New Zealand
rabbits, and male rhesus monkeys (Macaca mulatta) were used
for these experiments., Rats and rabbits were given 250 KVP
X irradiation, and the monkeys were exposed to the degraded

fission spectrum (23 per cent gamma contaminant) of the

-l7=
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Godiva II assembly. Glutamic-oxalacetic transaminase (GOT),
glutamic-pyruvic transaminase (GPT), lactic dehydrogenase
(LDH), and malic dehydrogenase (MDH) were assayed by modifica-
tions of existing methods (5-8) based on spectrophotometric
measurewent of the rate of disappearance of reduced diphospho-
pyridine nucleotide at 37.5°C. Activity was expressed in
terms of uM of product formed per ml of serum per hour,

Bile fistula rats were prepared by catheterization of the
common duct with No. 10 polyethylene tubing under pento-~
barbital anesthesia. The animals were subsequently maintained
in Bollwan cages (9) and given 5 per cent dextrose in n-saline
in place of tap water. Carbon tetrachloride (CCI4, 795 wg/kg)
in corn oil was injected subcutaneously or by stomach tube

as indicated in Table 1.

Results and Discussion

Comparison of the enzywe content of serum samples drawn
immediately before and 30 minutes after exposure of rhesus
monkeys to doses of gamma-neutron irradiation ranging from
187 to 388 rads is shown in Table 1. Increases in serum
enzyme activity ranging to 246 per cent of the corresponding
preirradiation value were found, but no consistent relation-
ship between dose and the magnitude of the response was

observed, It appeared, therefore, that within the range of

«18w
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TABLE 1. Influence of Gamma-Neutron Irradiation on Serum

Enzyme Concentrations in the Monkey

Preirradiation

Dose Mean Activity Standard

Group (rads) (uM/wl/hr) Error Value (%)
Glutamic-oxalacetic Transawinase (GOT)
Control 0 1.18 0.051 100
Group I 195 1.00 0.078 85
Group II 271 1.94 0.076 164
Group III 287 1.38 0.098 117
Group IV 337 1,78 0.116 151
Group V 388 1.62 0.137 137
Glutamic-pyruvic Transaminase (GPT)
Control o 0.862 0.046 100
Group 1 195 0.916 0.079 106
Group II 271 1.200 0.071 139
Group III 287 0.938 0.068 109
Group IV 337 1.040 0.051 121
Group V 388 0.683 0.037 79
Lactic Dehydrogenase (LDH)
Control o] 23.9 1.00 100
Group 1 195 20.9 2.33 87
Group II 271 53.1 5.29 222
Group III 287 31.8 0.48 133
Group 1V 337 51.1 3.84 214
Group V 388 26.4 2,66 110
Malic Dehydrogenase (MDH)
Control 0 11.3 0.057 100
Group I 195 27.9 - 246
Group 1I 271 24.9 1.92 220
Group III 287 18.2 2.50 161
Group 1V 337 21.2 2.00 187
Group V 388 15.6 1.79 138

1054508
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radiation doses where such estimations would be wmost useful,
quantitative evaluation of the injury sustained could not
be made. In this respect, the data are similar to results

previously obtained from cancer patients (1) and from a

recent criticality accident victim (10).

Since the amount of injury caused by a given dose of
radiation must be relatively constant, the variability
observed in animal populations suggested that a physiologic
mechanism not particularly sensitive to ionizing radiations
prevented accumulation of large amounts of enzyme in the
circulation. This idea was tested by measuring the rate of
disappearance of GOT activity after intravenous administra-
tion of homologous myocardial enzyme to irradiated and non-
irradiated rabbits, Data shown in Fig. 1 indicated that
LD50 doses of radiation did not influence the rate of disappear-
ance of circulating enzyme. Dilution of known amounts of
injected enzyme activity was consistent with the idea (11)
that GOT activity is in equilibrium with the total extra-
cellular fluid compartmwent. Thus 5 cc of an enzyme prepara-
tion containing 2.3 x 103 pM/ml/hr increased serum GOT levels
10 to 15 fold, and rapid disappearance indicated the large
capacity of the inactivation system.

The possibility that the liver played an important role

in inactivation of circulating serum enzymes was investigated

10545049
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by causing liver damage and subsequently wmeasuring the net
increase in serum enzyme accumulation due to irradiationm,
in comparison with CCl,-poisoned controls. These results,
summarized in Table 2, demonstrated that animals with
impaired hepatic function generally exhibited much greater
net increases in serum enzywe accumulation due to irradia-
tion than nonpoisoned, irradiated animals,

In order to approach directly the question of enzyme
inactivation by biliary excretion, bile fistula animals were
irradiated (800 rads) and GOT was measured frequently in the
collected bile. Normal rat bile contains approximately half
the GOT activity per unit volume of rat serum, in contrast
to human gall bladder bile which has much higher activ-
ity (12). Figure 2 shows the effect of 800 rads on biliary
excretion of GOT activity. These data indicated that
enhanced GOT activity appeared briefly during the first
4 hours after irradiation and rapidly returned to normal
levels. More persistent excretion was observed in CCl,-
poisoned animals, but we cannot as yet rule out the p¥ksibil-
ity that the GOT activity appearing in bile was of hepatic
origin. However, based on the assumption that GOT activity
in the bile was of circulatory origin and in view of the
dilution of injected enzyme activity described above,

biliary excretion could not account for the disappearance

LOouStI
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of wmore than ~5 per cent of the total enzyme inactivated.
These results are in agreement with data previously reported
by Dunn and co-workers (11) and show conclusively that
biliary excretion is not a significant avenue for elimina-
tion of serum enzyme activity. In the absence of appreciable
urinary or biliary excretion (2) and in view of the marked
effect of hepatotoxins on radiation induced accumulation of
serum enzymes, it seems reasonable to postulate an inactiva-
tion mechanism in the hepatic parenchyma. Resistance to
radiatiod, together with the remarkable capacity of the
mechanism to inactivate circulating enzywe activity, appears

to explain the failure of serum GOT measurements as a suit-

7 .
- able indicator of radiation injury.
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Nuclear Phosphorylation in Hematopoietic Tissues (D. F.
Petersen and L. B, Cole)

Introduction

Creasy and Stocken (1,2) have recently reported that
nuclear phosphorylation of bound nucleotides, originally de-
scribed in calf thymus by Osawa, et al (3), is a peculiar
property of radio-sensitive tissues of the rat. The process
appears to be remarkably radio-sensitive both in vivo and in
vitro. Inhibition was detectable almost immediately after
25 rads, 80 to 100 per cent complete after 100 rads, and
reversible in vivo within 4 to 5 days. Ord and Stocken (4)
have suggested that the radiosensitivity of various cell
types thus may be related to the contribution of nuclear re-
actions to the cellular econowmy and the capacity of cytoplasmic
reactions to reverse radiation induced nuclear disorders.
This report summarizes results of experiments designed to
assess the nuclear-cytoplasmic interactions affecting
nucleotide polyphosphate concentrations in the spleen and

thymus during the early post irradiation period.

Experimental

Young adult male Sprague-Dawley rats weighing 180 to 200 g
were used to make these studies, Nuclei were prepared in

sucrose-CaCl2 by a modification of the method described by

-27-
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Osawa (3) and in the buffered medium of Creasy and Stocken (2).
Following incubation, nucleotides in the acid-soluble fraction
were adsorbed on Norit and hydrolyzed by the method of Crane
and Lipwann (5). Orthophosphate liberated during hydrolysis
was estimated by the method of Fiske and Subbarow (6). In-

32

corporation of P into nuclear nucleotide polyphosphates was

accomplished by isolation of nuclei in sucrose-CalCl, medium

containing 1073 M NaCN, 20 minutes after exposure to 400 rads

and injection of 100 uc P32

~orthophosphate. Nucleotides in .
the trichloroacetic acid (TCA) extract of nuclei were applied
to Whatman No. 1 paper and separated in a wmodification of the
tvo-step solvent systew of Krebs and Hems (7). Spots were
located in transmitted ultraviolet light with an intensifica-
tion screen (8), identified by correspondence with authentic
markers developed simultaneously, cut out, and counted with
an end window Geiger-laller tube. Nucleotides were eluted in
0.1 N HC1 and estimated by the wethod of Vischer and
Chargaff (9). Deoxyribonucleic acid phosphorus was measured

in the trichloroacetic acid precipitate by Schneider's mod-

ification (10) of the Dische diphenylamine reaction.

Results and Discussion

The effect of 100 rads of X irradiation on phosphoryla-

tion of bound nucleotides of spleen and thymus nuclei is

5
=28~ ¥
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sumparized in Table 1. These data demonstrate that esterifica-
tion of nucleoside polyphosphate was completely inhibited
within 5 minutes after exposure. Results with lower doses of
radiation were quite variable in our hands, but in view of

the differences in wethods, these data are in essential agree-
ment with the results initially reported by Creasy and

Stocken (2),

TABLE 1. Nuclear Phosphorylation after Irradiation in vitro

Dose Time aftér X ray
Tissue (rads) (minutes) ugP/mg DNA-P/min
Spleen Control S 0.65
Spleen 100 S 0.00
Thywus Control 5 0.33
Thywus 100 S 0.00

Details of the phosphorylative process in nuclei have
not as yet been well defined. However, it has been shown
that after isolation, degradation of nuclear nucleoside poly-
pPhosphates occurs as a function of time in the absence of
oxygen and that phosphorylation occurs when oxygen is re-
stored to the system (3). Since degradation occurs slowly

at 0°C, it was reasoned that by including cyanide (3) in the
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isclation medium and working rapidly in the cold, the nucle-
otide complement present in the nucleus at the time of sac-
rifice could be determined.

Figure 1 shows the concentration of adenine nucleotides
in the spleen at intervals of 10, 20, and 30 minutes after
exposure to 200 rads. Contrary to what might be expected on
the basis of the in vitro experiments, the total nuclear
adenine nucleotide content of the spleen decreased during
the first 10 minutes after irradiation and subsequently in-
creased to greater than control values at 30 minutes. Further-
more, the accumulation consisted not of adenylic monophos-
phate but rather resulted frow a disproportionate increase in
adenosine diphosphate and adenosine triphosphate.

Figure 2 demonstrates that a similar situation existed in
the thymus gland. These observations are difficult to reconcil
with the previous view of the significance of radiation effects
on nuclear nucleotide polyphosphates (4) and indicate rather
that the nuclear defect in vivo may be related to the transfer
of phosphate energy to deoxynucleoside monophosphates. How-
ever, recent studies by Kier and Davidson (11) have questioned
the validity of nucleotide measurements conducted on material
isolated in aqueous media, and further studies are necessary
to establish whether nucleotides estimated by this method

represent the actual nuclear nucleotide content.
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Fig. 1. Adenine nucleotide content of spleen nuclei follow-
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Osawa, et al (3) have repeatedly emphasized that only
bound nucleotides are phosphorylated and that neither added
inorganic phosphate nor nucleoside monophosphates participate
in phosphorylation of mwaterials found in acid-soluble extracts
following incubation at O or 38°C. However, van Bekkum (12)
has demonstrated a decrease in the extent of labeling of
total nucleotides of the spleen and thywus at 4 hours after

irradiation. Thus, uptake of P32

by cytoplasmic phosphoryla-
tion processes might be expected to exchange with the nuclear
system leading to labeling of nuclear nucleotides. Cytoplaswmic
nucleotides might, therefore, be considered a primary donor

of phosphate for nuclear phosphorylation in vivo, but the
process must proceed step-wise in order to explain phos-
phorylation in isolated nuclei where no cytoplasmic donor is
present (2,3).

Table 2 summarizes results of a series of experiments in
which 100 uc of Psz-orthophosphate was given immediately
after irradiation (400 rads) and the animals sacrificed
20 minutes later. Spleen and thymus nuclei were rapidly
isolated in sucrose-CaCl2 containing cyanide, washed twice,
extracted with trichloroacetic acid, and the nucleotides
isolated chromatographically. It is apparent frow these data

that 20 winutes after exposure neither the adenine nucleotide

nor deoxyribonucleic acid phosphorus content differed
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TABLE 2. Pholphor\u32 Labeling of Nuclear Adenine Nu-

cleotides following in vivo Irradiation®*

Nucleotide c/m/uM
Radiation nM
Dose ug DNA-P /wg DRA-P Nucleotide

Tissue (rads) /Organ  ATP ADP ATP ADP
Spleen Control 73.3 1.70 1.05 3137 1590
Spleen 400 70.8  1.3%5 0.95 4978° 1442
Thywus Control 426.7 0.36 0.28 70,186 26,131
Thywus 400 359.7 0.37 0.34 61,486 28,479

*100 uc Psz-orthophosphatc per animal.
Labeling time:

105652
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.ppreciably from control values. The extent of labeling
(expressed as c/m/uM of nucleotide) was also comparable,
indicating that phosphorylation in the nuclei of irradiated
intact cells failed to show the defect exhibited in the
isolated nuclear systew.

These attempts to demonstrate the nuclear phosphorylation
defect in vivo have been uniformly unsuccessful. However, it
aust be emphasized that the system involves only nuclear and
cytoplasmic ribonucleotides and that participation of deoxy-
ribotides has yet to be demonstrated. Thus, implication of
this radiation induced change in nuclear nucleotide metabolism
sust be subjected to further rigorous investigation regarding
both the identity and origin of the nucleotides before it
can be directly related to the defect in deoxyribonucleic acid

synthesis of radio-sensitive cells,
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Deoxynucleosides in the Urine of Irradiated Animals and Man
(D. F. Petersen, M. Magee, and A. Murray, II1I)

Introduction

Recent studies by Parizek, et al (1) demonstrated that
increased amounts of deoxyribose-containing materials
appeared in 24-hour urine specimens collected from irradiated
rats. According to these authors, the major component of
the Dische-positive material was deoxycytidine. In view of
this report, it was of interest to investigate early changes
in the deoxyribose content of the urine of irradiated ani-

mals and to identify the compounds contributing to the total

}"‘;,H: -

%g[ deoxyribose observed. 1In addition to the animal experiments,
it was possible to examine urine specimens from two chemical
workers exposed to gamma-neutron irradiation in the most

recent Los Alamos criticality accident.

Experimental

The urine specimens were chromatographed on Whatman No. 1
paper using two solvent mixtures: butanol-water (86:14 v/v)
with an ammonia atmosphere, and isobutyric acid, 1M ammonia, and
O.1N EDTA (100;60:1.6 v/v/v). Spots were located in transmitted
ultraviolet light (2) and the identity of each compound was

established by (a) spectrophotometric analysis; (b) R, value

, ,
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compared with simultaneously developed authentic material;

(c) homogeneity upon rechromatography with authentic material;
(d) Dische reaction for deoxyribose; and (e) phosphorus
analysis. Total deoxyribose was measured in urine by Dische's
cysteine-sulfuric acid reaction (2) and identified on paper

by Buchanan's modification (3). Quantitative estimations of
purine and pyrimidine bases were performed spectrophotometrically
as described by Viascher and Chargaff (4), and phosphorus was

measured by the method of Fiske and Subbarow (5).

Results and Discussion

Total deoxyribose and deoxycytidine content of urine
samples collected at frequent intervals after exposure to
200 and 400 rads are shown in Fig. 1. Increased excretion of
both total Dische-positive material and deoxycytidine was
detectable within 4 hours after exposure and increased steadily
during the subsequent collection period. The deoxycytidine
values are in quantitative agreement with the previous results
of Parizek, et al (1) but inspection of Fig. 1 indicates that
a large proportion of the deoxyribose-containing material can-
not be accounted for as deoxycytidine. A similar situation
was observed in the initial urine specimen obtained from the
fatally irradiated patient 14 hours after he sustained an
asymmetrical exposure to ~ 4000 to 12,000 rads of gamma-neutron

irradiation. Total Dische-positive material was approximately
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Fig. 1. Cumulative excretion of total deoxyribose and deoxy-
cytidine in rat urine following whole-body X
irradiation.
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twice the amount found in specimens from a number of norn‘?
subjects.
A summary of the results of chrosatographic analysis of

the irradiated urine specimen is shown in Table 1. All the

separated ‘jjts were pdlitive ‘for deoxyribose; bands 1 and 2

were shown to contain phosphorus, and each 1dentifiedi:on-

pound migrated as a single homogeneous band when eluted and
‘ié‘ rechromatographed with authentic material. Band 5 is as yet
unidentified, but preliminary data indicate that it is prob-
ably thymidine. That the appearance of deoxynucleosides of
cytosine, adenine, and guanine is related to a defect in

deoxyribonucleic acid.(DXA) metabolism was further substan-~

s tiated by identification of A-sfiinoisobutyric acid (BAIB),
the major notaboiitc of thy-idinc (6), during characteriza-

tion of the amino acids present in the irradiated specimen (7).

In view of tﬁ. appoartgga of significant amounts of BAIB, it
is not surprist.g thlt the provioua workers (1) reported
failure to find iacreased amounts of thymidine. Appearance
of dcoxynucleotidoi has been attributed to gross radiation
damage to the kidneys, and the possibility exists that the
amount of phosphorylated nucleotide in urine may be a measure
of such injury.

The relative amounts of nucleotide are presented as

tentative data because the extent of recovery from the
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preliminary charcoal adsorption step has been established
only for deoxycytidine. Elution of tritiated deoxycytidine
by pyridine-ethanol (v/v) was consistently 72 to 74 per cent
after a single washing. Investigation of selective elution
of each of the identified materials is currently in progress.
No conclusion, therefore, has been drawn regarding the
metabolic origin of the urinary deoxyribosides. However, it
is anticipated that experiments employing labeled precursors

will clarify this point.
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A Simple Intensification Screen for Ultraviolet Scanner
E;;eras (D. F. Petersen and A, Murray, III)
ane———"

Detection of ultraviolet absorbing substances on paper
chromatograms has been facilitated by preparation of a filter
paper screen impregnated with O.1 to 1 per cent ethanolic
solutions of l-methyl-4-(5-phenyl-2-oxazolyl)-pyridinium-p-
toluene sulfonate uv?po). The compound, developed in this
1aborator§ by Ott, Hayes, and Kerr (1) as a liquid scintil-
lator, was found to possess favorable excitation and emission
characteristics for use in an apparatus of the type described
by Drake, et al (2).

The device has been used primarily for detection of
purine and pyrimidine nucleotide derivatives and has in-
creased sensitivity from 25 to 50 gammas/cmz (quenching of
incident ultraviolet from a mineralite lamp) to 0.5 to
1 ganma/cmz. The paper intensification screens have been
used for approximately one year without appreciable deteriora-
tion and thus satisfy requirements for stability, homogeneity,
and extreme simplicity of preparation, Since the screens
are quite thin, diffusion of fluorescence is eliminated and

outlines are sharper than those obtained with a phosphor-

coated glass screen.
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Biological Sulfur Activation Dosimetry (D. F., Petersen and
w. H. Langham)

The high sulfur content of the keratinous appendages of
the skin has been utilized to provide an estimate of the
fast neutron dose in the most recent Los Alamos criticality
accident. Due to the small amount of phosphorus relative to

32 beta

sulfur found in human hair (less than 1 per cent), P
activity arises almost exclusively from the Saz(n,p)P32
reaction. It was found that beta activity could be converted
to incident dose of fast neutrons on the basis of 6 d/m/g

hair per rad, Determinations performed on hair and sternal
cartilage indicated respective incident doses of fast neutrons
to the head and chest of ~2600 and 3000 rads (1). Current
experiments suggest that due to the constancy of chemical
composition and fixed anatomical location, a first approxi-
mation of the incident dose of neutrons above the sulfur
threshold to various parts of the body may be determined
simply by counting the beta activity of an ashed hair or nail
sample. Sensitivity is of the order of 1 rad for samples
weighing 10 g. A systematic investigation of the use of high
sulfur content tissues and structures as a means of estimat-

ing fast neutron dose is being pursued.
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The Effect of MER-29 on Thiopental Sleep Time (D. F. Petersen,
R. G. Gould, and E. K. Lilly)

Introduction g

Several complex organic compounds have recently received
considerable attention due to their capacity to suppress
cholesterol biosynthesis and effect significant reductions
in plasma cholesterol levels. Benzmalecene, the alpha
isomer of N-(l-nethyl-z,3-di-g-chlorophenylpropyl)-maleamic
acid, and g-(di-N-propylsulfamyl)-benzoic acid (probenecid)
introduced as potent renal tubular transport inhibitors
affect cholesterol biosynthesis by inhibiting the first
step, the condensation of acetate with CoA (1). Chronic
administration of probenecid has been shown to cause trans-
itory impairment of hepatic function (2), and benzwalecene has
also been observed to cause liver damage in humans (3).
MER-29 (1-{g(e-diethy1an1noetnoxy)pheny1]-1-(g-to1y1)-z-(g,
chlorophenyl)ethanol) markedly decreases cholesterol biosyn-
thesis by inhibiting the last step, the reduction of the side
chain double bond of 24-~dehydrocholesterol (4). 1In view of
the hepatic involvewent noted previously (2), it was of in-
terest to determine if MER-29 has any effect on liver func-
tion tests. Hepatic function markedly influences the dura-
tion of anesthesia resulting from administration of barbitu-

rate analogs primarily detoxified by the liver. Thiopental
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was chosen for this experiment because, in addition to its
detoxification by the liver and kidneys, it is rapidly
sequestered by body fat (5), and a significanf aberration
in 1ipid metaboliswm induced by chronic MER-29 feeding might

thus be detected.

Experimental

Female RF mice weighing 20 g at the beginning of the
experiment were divided into four groups, each containing
20 animals. Each group was given tap water and fed ad
libitum a diet as outlined in Table 1. On the tenth and
fortieth days of feeding each animal was given 30 wg/kg thi-
opental intravenously, and the duration of anesthesia was
recorded., Return of the righting reflex in a quiet room was

taken as the end point of the test.

Results and Discussion

The mean duration of anesthesia for each group is shown
in Table 2. These data demonstrate that A4ile a single sub-

cutaneous injection of carbon tetrachloride caused a marked

i and persistent increase in sleeping time, levels of MER-29

which effected a pronounced decrease in plasma cholesterol (6)
and weight gain due to anorexia failed to alter significantlj
duration of thiopental anesthesia. It was, therefore, con-
cluded that short-term chronic feeding of MER-29 does not

cause alterations in hepatic function measured by this test,

-l T =
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TABLE 1. Experimental Diets

Group No. of Animals Composition of Diet
I 20 Powdered Purina chow + 5% corn oil
11 20 Powdered Purina chow + £% corn oil
(2 g/kg CCI4 injected subcutaneously)
III 20 Powdered Purina chow + 5% corn oil
0.05% MER-29
1v 20 Powdered Purina chow + 5% corn oil

0.1% MER-29

TABLE 2. Thiopental Sleep Time following Chronic MER-29
Feeding

Duration of Anesthesia (minutes)
Group wt. Mean % of Control

10 days - Time Tested

I Control 21.5 3.93 100
IT CCl4 Control 19.6 15.02 383
111 0.05% MER-29 22,0 3.97 101
1V 0.1% MER-29 20.3 4.35 111
40 days - Time Tested
I Control 25.8 4,85 100
II CCl4 Control 24.0 9.38 193
111 0.05% MER-29 25.3 5.38 111
IV 0.1% MER-29 23.6 5.47 113
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Effects of MER-29 (1-[B-(5-Diothyla-1no¢tboxy)-phenyl]-l-

(g-t°1y1)-2-(E,chloroph.nyl)othsnol) on Cholesterol Concentra-
tion in Plasmsa and Tissues and on Cholesterol Biosynthesis

1o vivo and in vitro in Rats (R. G. Gould, V. Mitchell, and

E. H. Lilly)

An intensive study has been made of the effect of feed-
ing a new drug MER-29 to rats on the cholesterol concentra-
tions in plasma, liver, intestine, adrenals, kidneys, and
residual carcass. When fed at a level of 0.05 per cent of
the diet, this drug decreases cholesterol (as determined
colorimetrically by the Liebermwman-Bruchard reaction) by
about 50 per cent without producing any evidences of toxicity
or undesirable side effects except for a decrease in rate of
growth due to decreased food intake. Analyses for total
sterols by a gravimetric method have not revealed the accumula-
tion of larger than normal amounts of sterols. However, the
isolated sterol 1s'not as nearly pure cholesterol as in &
control animals, as shown by melting point, etc.

It has also been found that MER-29 greatly accelerates
the disappearance of stored excess cholesterol in the livers .
of rats, previously fed cholesterol for 28 days, and its
effect on atheromatous lesions in rabbit arteries is under
study.

MER-29 also has some effect in inhibiting cholesterol
absorption. The inhibitory effect of MER-29 on cholesterol

~50-
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piosynthesis has been demonstrated using wmevalonic acid-2-
014 as a precursor in intact rats and in homogenates from
MER-29 fed rats. 1In addition, warked inhibition has been
ghown to result frow addition of very swmall awounts of the
drug to howogenates frow normal rat livers.

A method of analysis for MER-29 in tissues has been
developed which is simple, specific, and sensitive, Less
than 10 mg can be measured in a large sample of plasma or
tissue. The method is based on the fact that MER-29 can be
first extracted into the nonsaponifiable fraction and then
«xtracted into a small volume of dilute acetic acid.
-#l1though MER-29 itself does not absorb at 314 mu, it is
readily converted to an anhydro-derivative by acidification
with HC1l, which absorbs very strongly at this wavelength.
The change in optical density following addition of HC1l is

8 weasure of the MER-29 present in the tissue.

&*ﬂg’
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Effects of MER-29 (1-{p-(B-Diethylaminoethoxy)-phenyl) -l
jg:tolyl)-2-(grchlorophonyl)othsnol)-on Plasua Cholesterol
Levels and Steroid Hormone Metabolism in Humans (R. G, Gould,
B. Bloom, ¥W. Hentel, R, G. Schoenfeld, and W, Taylor of the
Veterans Hospital in Albuquerque)

A study of the effect of 250 mg per day of MER-29 on
plasma cholesterol levels of a group of 17 patients at the
Veterans Hospital in Albuquerque, New Mexico, has been in
progress for several months. The primary aim is to investigat
the effect of the drug on atherosclerotic plaques. It is
anticipated that a number of these patients, selected for a
limited life expectancy, will die during the course of the
study and that it will be possible to obtain data on choles-
terol concentrations in plaques and in all body tissues. Up
to the present, decreases of about 25 per cent on the average
in the plasma cholesterol levels have been noted. No signif-
icant changes in 17-ketosteroids or in 17-hydroxycortico-
steroids have been observed, indicating that this drug does
not seriously interfere with adrenal-cortical hormone bi-

osynthesis at this dosage level.
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Effect of Adrenalectomy, Hypophysectomy, and Cholesterol
Feeding on the Radia tion-Induced Increase in Hepatic
Cholesterol Biosynthesis (R. G. Gould, E. H. Lilly, and V.

L. Bell)

It has been shown that the rate of hepatic biosynthesis
of cholesterol in rats as weasured by the incorporation of

14 in vivo is decreased by both adrenalectomy and

acetate-~-1-C
hypophysectomy and that whole body X irradiation increased

the rate in adrenalectomized rats but not in hypophysectomized
rats, suggesting that the pituitary is concerned in mediating
the effect of radiation on cholesterol biosynthesis.

Rats fed diets high in cholesterol accumulated large
amounts in liver, particularly in the esterified fraction.
Whole body radiation mobilized this stored cholesterol very
rapidly and caused its disappearance., It also increased the
rate of synthesis proportionately as much as in normal
animals, although the actual rates were very much less.

All the data obtained in this investigation on rate of
biosynthesis as @ function of the concentration of cholesterol
in liver support the previously reported hypothesis that the
log of the synthetic rate is inversely proportional to the
concentration of free (i.e., unesterified) cholesterol with
a slope corresponding to a doubling of the synthetic rate or

% decrease of 0.12 to 0.15 mg of cholesterol per gram of

liver.
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The Metabolism of Diethylenetriamine Pentaacetic Acid (DTPA)
(H, Foreman and M. Magee)

Introduction

Because diethylenetriamine pentaacetic acid (DTPA)
appears to be an agent of promise in the treatment of heavy
metal poisoning and in other biological applications, it was
decided to investigate its behavior in the body. The com-

pound was labeled with cl4

by A. Murray of this Laboratory.
Metabolic studies using the labeled material were carried
out after oral, intramuscular, intravenous, and intra-

peritoneal administration to rats.
Results

The behavior of this compound in the body was similar
to that of Ca EDTA, with some minor quantitative differences,

The compound was rapidly excreted, primarily in the urine.
Over 90 per cent of parenterally administered doses appeared
in the urine by 24 hours. Most of the dose was cleared from
the blood and tissue fluids with a half-time of 35 minutes.
However, a portion of the dose was slowly cleared with a
half-time of 1 day (Fig. 1).

Tissue distribution of the labeled drug at 24 hours is

presented in Table 1. A larger proportion of parenterally
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TABLE 1. Distribution of Cl%-labeled Ca DTPA in Rats at
24 Hours after Adlinistration(‘)

Tissue
or Intra- Intra- Intra- (b) Speciticé‘
Sample venous muscular peritoneal Oral Activity

Urine 87.3 91,9 91.0 3.60 10

Feces 5.4 3.8 3.3 75.00 -

Kidney 0.7 0.3 0.4 0.10 174

Liver 0.3 0.8 0.2 0.05 - ~
e

Gastro-

intestinal

Tract - - - 18.30 110

Remains 5.7 2.6 5.2 0.51 12

*Results are expressed in per cent of recovered dose,
bSacrifich at 48 hours,

°Spocific activity is the c/m/gw of tissue.
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administered doses was found in the body at 24 hours than

was the case with Ca EDTA (i.e., over 5 per cent as compared
to less than 2 per cent), This}may account for the wmore pro-
longed effect of DTPA when used to hasten excretion of metal
jons from the body. At 24 hours, the residual compound was
largely concentrated in the kidneys and liver.

The dilution volume shortly after injection was cal-
culated from data illustrated in Fig. 1. When the urinary
excretion was blocked by tying off the kidneys, whole blood
and plasma concentrations leveled off and remained constant
for the duration of the study (i.e., 24 hours). The plasma
concentration reached 1 per cent of the injected dose per cc,
indicating a dilution volume of 100 cc (i.e., approximately
30 per cent of the body weight of the rats used). It is
likely that the fast component in the blood disappearance
curve represented equilibriuw in the extracellular fluids
and the slow component is related to equilibrium of material
between blood and tissue substance.

It is of interest that similarly to EDTA, the material
dois not pass into the red cells. Renal clearance, calculated
from the blood clearance data, is 2 cc/min and indicates that
excretion occurs both by glomerular filtration and tubular

secretion.

Studies in which the drug was administered by stomach

-57=
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tube indicated that the material was poorly absorbed. In %
48 hours, 75 per cent of the dose appeared in the feces and

18 per cent was still in the gastrointestinal contents. As
judged by the appearance of activity in the urine and

tissues, less than 4 per cent was actually absorbed. Very

low blood levels after oral adeinistration verified this

finding (Fig. 1).

Little of the activity ever appeared in the respiratory
coz, which suggested that practically none of the compound
was oxidized. Chrosmatography provided further evidence for
stability of the material in the body. The presence of a:
single band on autoradiographs of plasma, urine, and fecal
extracts indicated that the radioactivity was associated
with a single compound. That this compound was DTPA was
demonstrated by showing this material to have the same Rf

value as an authentic sample of the original DTPA.

-58-
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The Effect of Diethylenetriamine Pentaacetic Acid (DTPA) on

Acceleration of Plutonium Excretion (H. Foreman, M. B. Roberts,
and M. Magee)

Introduction

Screening experiments done in this laboratory and in
others (1-4) have shown that DTPA is considerably superior
to EDTA in hastening excretion of plutonium, both when the
drug is given a short time after the plutonium administration
and when it is given long after the plutonium (Table 1). 1In
view of these interesting observations, follow-up studies

were done to investigate the in vivo chelating potential of

DTPA more intensively.

Methods and Results

The present studies were carried out using Au241 as a
model for plutonium. Auericiu-241 was used because it be-
haves very similarly to plutonium in the body and because it
is a gamwma emitter which can be used to measure residual
activity in the intact animal by use of a small animal
counter (5). The isotope was injected intravenously, and at
various time periods later DTPA was administered parenterally
in some animals (200 mg/kg) and by oral administration
(150 mg/kg) in others. Retention of the isotope was followed

by serial counting, daily at first, and less frequently later

1054548 ~%8- AL
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TABLE 1. Effects of Acute and Chronic DTPA Treatmwment on ]
Excretion and Deposition of Pu

239

Urine Feces Liver Spleen Remains Skeleton
Acute DTPA Study ®)

Controls 12.70 7.06 5.86 0.80 20.11 53.36
DTPA 86.20 4,05 0.40 0.10 3.70 5.83 ¢
K

Chronic DTPA Study P '
Controls 7.7 28.9 3.5 - 9.99 49.5 |
1 Week 20.6 21.3 4.3 1.8 7.30 44.8 1

%1n the acute study, the drug was started 2 hours after the
isotope was given and continued daily for 4 days.

b

table.

10545479

In the chronic study, the drug was started 1 month aftexr the

isotope was given and continued for periods indicated in the

00131487.059 1
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in the small animal counter, Figure 1 shows the times of
gdministration of the drug, as well as results of the treat-
ment.

Several features are apparent in the effect of administra~
tion of the drug on retention of the isotope.

1. When injected daily, starting 2 hours after the
isotope was given, the drug is quite effective at first so
that after 2 weeks only 7 per cent of the administered dose
was still in the body. This verifies the initial observa-
tions with plutbniun. However, continued administration of
the drug brought forth less and less of an increase in
americium excretion.

2, After oral adwinistration, in which the drug was
mixed with drinking water, accelerated excretion was also
noted. However, this was not as great as occurred when the
drug was given by injection. After 2 weeks, 12 per cent of
the initial dose was still in the body. Here too the drug
loat its effectiveness with repeated administration.

3. VWhen parenteral administration was started at various
tiwe periods after the isotope was given, the effectiveness
of treatment was directly dependent on the delay in treatment;
the longer the delay, the leas the effectivemess. When the
drug was started 1 week after the isotope was given, the

residual isotope was 12 per cent., Coupared to the situation

-61-

1054550

00131487.060,



2 0
“'_' @ 1 18
e £ '
£q8 |
ngiﬁ !
18
" /
\ »
H :
! g
/ ]
/ /] g
-

N
\\\
~
\\\\\
§
10

1 [0 U U N SR I | 1 °

© Qo (o] n
o -

3800 Q3INWILSININGY 40 LNION3d

Fig. 1. Awsericium retention at various time periods after
oral and parenteral administrationm of DTPA.

=83~

1054551

00131487.061



when the treatment was started at 16 days, the residual
ijsotope was 15 per cent., Both of these can be compared to
a residuum of 30 per cent of the initial dose, at this same
time period, in the controls.
It appears that the decrease in effectiveness of the

drug with repeated administration is related to at least two
factors, namely the natural decrease in availability of the
isotope (i.e.,, the increase in the amount of isotope that is
fixed to tissue with time), and because the rate of excretion
of the chelated metal is far greater than the rate of mobiliza-
tion of the metal from the tissues (even under the effect of

~ therapeutic agent), and hence the pool of available metal
becomes exhausted and time is required for its replenishment.
The practical significance of these observations is that in
all probability less frequent administration of the drug at
late time periods is just as effective as daily administration.

References

(1) A. Catsch and Le Du Khuong, Nature 180, 609 (1957).
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(4) J. F. Fried, E. H, Graul, J. Schubert, and W, M, Westfall,
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ings of the Health Physics Society, 79 (1956).

-803=

054552

00131487.06



Batyl Alcohol and Radiation Damage (H. Foreman, M. B.
Roberts, and M. Magee)

Introduction

Over the past few years evidence has accumulated which
indicates the existence of humoral stimulatory factors which

oxurt 1-port:nt phytioIogical and patho-phytfblogical reg-

th9~svueinsil;pt*heuozlobin. Linwan,
' ‘. ttd,fvidencc which indicates

’ divtslon. £3<agpgtteaﬂto us thlt‘blc;use of its bone marrow
ggtinalaferxangguét ;hntyi algah-i»uigpt be #2fective in
alllierltiatﬁ”idiafio& da-q;p Indcedi a search through the

e 4, .

liﬁnrttur‘ s owed’ that-ldiund (ﬁ) dllpnitrated a protective
ef!cet o! this cn-pound 1n nico~g§tqr’vholo body irradiation.
The' positivo reaults presented 1n thtt ‘paper suggested that
perhaps batyl sicdhol could be usod to potentiate the ther-

apeutic effects qg tr;nstused«bonq marrow given after irradia-

tion.
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Methods and Results

Preliminary experiments in the form of 30-day lethality
studies were carried out. Femals RF mice (approximately
30 to a group) aged 80 days were given whole body X irradia-
tion at several dose levels. Five groups of animals were
irradiated at each dose level. One group at each dose was kept
as countrol, and each of the other groups was given a dif-
ferent post irradiation treatment. The different treatment
schemes are indicated in Table 1,

The results at the various dose levels varied consid-

ably, from showing just a little protective effect to

:srkodly effective results. Table 1 shows the results in
the most successful experiment, and are sufficiently encourag-
inc to warrant further investigation. The variation in
results is somewhat disturbing, but apparently lack of re-
producibility is a weakness in many radiation protective

experiments reported in the literature.

References

(1) J. W, Linman, F. H., Bethell, and M. J. Long, J. Lab.
Clin. Med. 52, 596 (1958).

(2) T. Edlund, Nature 174, 1102 (1954).
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TABLE 1. Batyl Alcohol as Protection against Irradiation
Animals Survival
Group Treatment (No.) Survival (%)
1 525 r X irradiation 27 0 0
I1 525 r + corn oil 25
111 525 r bone marrow +
corn oil 27 3 11
Iv 525 r + batyl alcohol
in corn oil (25 wg/day) 28 8 29
v 525 r + bone marrow +
batyl alcohol in corn
oil (25 wg/day) 27 14 52
-66-
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nghrotoxicity of Diethylenetriamine Pentaacetic Acid (DTPA)
Zi. Foreman, C. C. Lushbaugh, M. Magee, and G. Humason)

Introduction

In view of the kidney damage seen after administration
of ethylenediamine tetraacetic acid (EDTA), it was decided
to carry out studies to determine the nephrotoxic potential
of diethylenetriamine pentaacetic acid (DTPA), a compound
with related structure and action. Both compounds are of
considerable current interest as chelation agents for

enhancement of elimination of radioisotopes from the body.

Methods and Results

The study was carried out in a wanner similar to an
earlier one with Ca EDTA (1), Male Sprague-Dawley rats were
Vinjected intraperitoneally at various dose levels to 30 to
100 mg/kg, daily for 16 days, with a neutral solution of Ca
DTPA containing 1 per cent procaine. At that time the ani-
mals were sacrificed and pieces of kidney were fixed in
10 per cent formalin. Tissues were also taken for frozen
section, Fixed tissues were eventually stained with hew-
atoxylin and eosin and by the periodic acid-Schiff's procedure.
The frozen sections were stained with oil red O for fat,

A cowparison of the kidney changes caused by DTPA with
those of EDTA is difficult because of the apparently different
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lggious caused by the two drugs. EDTA, as previously de-
scribed (1), produces a reversible osmotic nephrosis which,
when given in large concentrations and over long periods of
time, can progress fatally. in EDTA poisoning the proximal
nephron is affected by intracellular distention caused by
water. The water simulates vacuoles in appearance, since
it accumulates in varying sized droplets between the cyto-
plasmic granules and is unstainable, When this difference
is severe, the cellular walls rupture and the tubules are
found filled with amorphous debris and lined by cells which
have only occasional nuclei and occasional wisps of remain-
ing cell wall, DTPA, on the other hand, produces a "hyaline
.ranular" type of lesion in all of the animals studied, even
at very low doses. Accowmpanying this hyaline droplet change
(Fig. 1), there is a cytoplasmic shedding which leads to
formation of light hematoxylinaphilic, amorphous casts. True
cytoplasmic vacuolization and rupture, as seen in the EDTA
kidneys, does not occur until very high doses are given
(500 mg DTPA/kg). When these vacuolar changes are seen with
DTPA, the hyaline droplet change is apparently suppressed.
The hyaline droplet is destructive in its own right. As
the aqueous vacuoles in EDTA rupture cells, so do the large
hyaline droplets caused by the relatively low doses of DTPA
(i.e., the 120 to 250 mg/kg range, see Fig, 1). The clinical

1854551 -68~
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Fig. 1. Histopathological effects of DTPA.
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importance of these two types of osmotic nephrosis is debat-
able. There is no doubt that the vacuolar type can seriously
interfere with remal function. While clinical manifesta-
tions associated with the hyaline granular type have not as
yet been recorded, this lesion would appear potentially to be
serious in view of the widespread tubular degeneration,

obstruction, and necrosis.
Reference

(1) H. Foreman, C. Pinnegan, and C. C. Lushbaugh, J. A.
'Q A' 160’ 10‘2 (1956).
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Retention and Excretion of Radionuclides of the Alkali
Metals by Five Mammalian Species (C. R. Richmond)

Introduction

Much of the data incorporated into calculations of maxi-
sus permissible concentrations of radionuclides in mwan and
in air and water are obtained from swall mammals. Usually
the data are substituted directly and seldom are they extrap-
olated on the basis of interspecific metabolic or physiologic
correlations. This study is part of a general program designed
to investigate the comparative retention, excretion, and
absorption of radionuclides in several species of mammals
by whole body in vivo radioassay techniques. Data are obtained
from man whenever practicable. Although these results were
reported earlier (1), the present report includes some exten-
sion of the data and additional interpretation with regard

to interspecies correlations.

Methods and Results

Large volume liquid scintillation detectors were used to

measure whole body retention and excretion of Nazz, Rb86,

and csl34 or csl3?

in 5 species of mammals after acute oral
or parenteral administration of 0.1 to 1.0 uc doses. Single

or multiple component exponential functions of the form

FOS45b0 7=
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best fit the whole body retention data.
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Figures 1, 2, and 3 show families of retention functions
of radiosodium, radiorubidium, and radiocesium for the species
studied. The area under each curve, which is proportional to
the number of disintegrating atoms and therefore related to
dose, increases from mouse to man for all 3 radionuclidés.

Parameters of the retention functions of the 3 radio-
nuclides for the 5 species are given in Table 1. These values
were determined by the somewhat subjective method of graphic
analysis. The original data are now being analyzed by a
machine wethod which performs iterative least squares fittings
to a sum of exponentials,

In man, the mean biological half-time of the longest comp:

86 134

nent was ~ 100 days for Rb- , and ~140 days for Cs or

03137. These components represented ~-99 per cent of the tota
area under the composite retention functions. Most of the
Nazz administered to man is retained with a biological half-~
time of ~11 days. Consequently, most of the total area of
the retention function (90 per cent) is contributed by the
first 2 components. The longest component (~445 days in wan)

represents only about 0.3 per cent of the initial dose, yet

105430l

00131487.071 _



|°° -~ T T T ' T T L T v T 1 T 1 1 i T  { T

-
]
X o
S
~ 10t . P 2
z : a - L
Q r 1 ¥
- s {1 -
o . ]
o 3 ]
o
@ 1of RUBIDIUM- 86 .
a3 SPECIES BT VL2 ]
[ MOUSE(12) 3.8 DAYS ]
T | RAT (6) 86 ]
MONKEY(4) 15.0
i 006 (4) 200 " |
MAN(3) 8a0 "
O-l 1 i 1 1 1 | ) ! 1 1 ! 1

o 10 210 310 410 5l° ‘lo 7l° SIO 90 lOd
_ TIME AFTER ADMINISTRATION (DAYS)

Fig. 2. Pattern of Rbse retention in five species of animals.

-T4=-

b
10545562 | LA

00131487.073



€4G6hG01

‘gTemiue Jo saydeds 8ATJ UT UOTIUL]AI unﬁmo pue #namo jJo uxeljyed ‘g 31y

(SAVA) NOILLVYHLISININGY ¥314V INIL
00E 062 092 O¥2 022 002 081 091 Obl 021 001 08 09 OF 02 0.

-75-

i \ )
= 1 MM
: 1 O
i
n M 3 m
= 0l o
i { O
: 4 O
I
i i »
- w 001l  (VINVW 1 9
g » 082 (#1900 i m
- w 061 (PIADINOW 1 Z
- w 09 (9) LvY 101 =
! SAVa S1 (A)ISNON Al O
i 2/t 18 $S3193dS ] =
IC1 8 ¥E1 NNIS3)D Wu

00131487.07



hashsol

O = ¥
. h N\ﬁ 4 ﬂ - “
sAuwp uy possoxdxo aIe 1 pue 3 oxoym ﬁaﬁw\ahu\ammm. o'w m u,

-——- -— 0'0FI 0°06 0°S 0°01 110 (v) uen
StV 0°0¢t o'z 0°9S 1'1 o°vl ‘A1 (v) 30a
S OF 0°22 0°gz 0°09 o 2l 0°81 A1 (y) Aoxuon
S'€l o°zZ¥y 8°9 o' 1¥% 8°0 o°Ll 1920 (9) 3%y
c°9 g°cl v'e 0°9¢ S°0 c° 8y 110 (Z1) 9Snon pnamo

- -=- g'86 0°88 S'¥ 0°21 120 (g) uSK <
-— -—— - —— 0°02 0°00T ‘A1 (¥) 3oa ~
-—- —-— ——- -—- 0°G1 0°00T °A "1  (¥) Aoxuom !
—— - c'tt ©°08 c'€ 0°0T 1810 (9) ey

-—— - - - 8°¢c 0°00T T®I0 (1) 2SMON . U
0°S¥¥ £°0 ¢g'el O°1S c's8 L"8Y¥ 1230 (g) uen

0°50Z L0 0°0T O°'€t¥y s'L £°9S A1 (v) 3oa

0°021 21 0°6 o°o¥v S°g 8°8S ‘A1 (v) A3NUON
0°S0t o't 0°9 0°st R4 o°'y8 1ex0 (9) vy

0°S¥ ¥0 S°2 0°st ST 9°¥8 1e10 (21) oSmOR BN

z/1 ) z/1 ) /1 ] aj3noy soydoedg 9PTIONN

£ juauodeo) Z 3uauodmo) T _juaucdwo)d

uey pus ‘sdog ‘gAoquoN ‘sivy

£ [ .
Le1™0 pus ‘¢ ay Nﬂuz JO 4SUOT}OUNJ UOTIUAISY U3 JO sxojometed 1 FIAVl

‘DTN UT

00131487.075



AR

it accounts for ~10 per cent of the total area, This find-
ing ewphasizes the need for retention data over long periods
and points out the need for extremely sensitive detection
systems. The components with relatively long half-times
obgerved for 2ll animals given Nazz presumably represent
slow exchange of bone sodium.

The whole body is the critical organ for all 3 radio-
nuclides., Gastrointestinal absorption for all 3 radio-

nuclides is essentially 100 per cent. Values for (MPC)_,

calculated from human retention data, were 8.2 x 10"3 uc/ml
for Na22, 1.9 x 10~ uc/m1 for RbS®, and 2.2 x 10™% pe/ml
for C3137.

One of the primary objectives of these studies is to
look for interspecies correlations to provide a more sound
basis for extrapolation of metabolic data from the more common

laboratory aniwals to man. In an earlier report, the biolog-

ﬁ'ical half-time BT, /o (i.e., the time required to excrete the

first half of an administered dose) was shown to correlate

with the body surface area (SA) according to the expression

log BT1/2 = Jog k + b log SA

;In the present study, the effective area of the retention

diggt”

function (i.,e,, the total area under the reteation curve) for

the 3 radionuclides in the 5 species was correlated with the

I0545b3 -1- LANL




body weight (Fig. 4). Although the log-log plot is relatively
insensitive to fluctuations of the variable paraweters, the
data definitely show that extrapolation from lower animals to
nan on the basis of the relationship to body weight would be
nore accurate than direct substitution of the values of any

of the 4 other species.

Reference

(1) C. R. Richmond, Retention and Excretion of Radionuclides
of the Alkali Metals by Five Mammalian Species, Los
Alamos Scientific Laboratory Report LA-2207 (1958).
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Metabolism of z1nc“5 in Mammals (C. R. Richmwond, J. E,.

Furchner, and G, A. Trafton)

Introduction

W

Zinc is known to be an essential trace element. It
functions as a prosthetic group in enzywes concerned with
proteolysis and others concerned with gaseous and cellular
respiration. Zinc may also participate in erythropoiesis
and in the functioning of myelogenous bone warrow,

Although Zu65 is not a product of nuclear fission, it E2
is produced via neutron activation in power reactors and
nuclear detonations., Consequently, small amounts of Zn65
have been detected in the flora and fauna of several areas,

65 has also

in fallout, and in commercial food supplies, Zinc
been identified in several Marshallese subjects and sowme

people in the vicinity of the Hanford works. Gamma ray spec- .

P
tra obtained from several cyclotron workers also show the
presence of Znss. Presumably, the radiozinc is produced in
the cyclotron as a contaminant by the Cu65(d,2n)2n65 reaction.

The presence of Zn65

in food and people as a contaminant
from nuclear weapons tests, reactor effluents, and nuclear

research operations motivated this study.

Methods and Results

63

Absorption, excretion, and retention of Zn =~ were studiec

LANL
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in 4 gpeclies of manwals by whole body radioassay techniques.
3101ogical retention functions obtained by these procedures
following single acute oral doses (21 pc) of Zn65c12 can

pe expressed as composite exponential functions of the form

-k
R aie i

t

[ t]
| |

el 3 I - |

-

Retention curves for mice, rats, dogs, and man (2 subjects),
calculated from the equations in Table 1, are shown with the
measured retention values in Fig. 1. These equations were
determined by a computer method which gave the best fit to the
‘;xperimental data, Equations 4 and 5 (Tab;; 1) represent data

‘obtained from 2 normal men for periods of 12 and 15 months,
respectively, Changes in whole body activity will be followed
until low activities preclude further measurements.

Table 2 gives the parameters of the effective retention
function for mice and the area under each exponential function
contributing to the over-all loss from to to t, . The area
is proportional to the number of disintegrating atoms and is,
therefore, related to dose. Table 2 also shows that if
equilibrium conditions were established during chronic expos-

ure, about 52 per cent of the Zn65

atoms in the mouse would
be lost with an effective half-time of ~ 91 days. A comparison
of the total effective areas under the retention functions for

A§3=’1°“= Species is shown in Table 3, Most of the area under

1054569 -81-
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TABLE 2. "Effective” Areas under Components of Composite

Retention Function® of Znss Adwinistered Orally
to Mice
Area** % of
Couwponent a T k + 2 (% days) Total Area
1 86.82 0.30 2.3449 37.5 8.09
2 11.19 11.55 0.0600 186.4 40,22
3 1.84 91.18 0.,0076 239.8 51.69
* 2 -k, t . _-At
Retention function Rt -3 a,e 1" * e .
i

T n a,
Effective area A = § = 463.5 per cent days.
i
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TABLE 3. Total and Percentage "Effective" Areas under the
Composite Retention Functions of Zn Administered
Orally to Four Mammalian Species

Cowponent and Per Cent of Total Area Total Area
species 1 2 3 (% days)
House 8.09 40.22 51.69 464
Rat 4.01 22.23 73.77 1308
Dog 0.77 2.38 96.84 5465
an 0.07 4.10 95.83 16131
s 0.14 0.69 99.17 11337

‘LC indicates laboratory case.
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each retention function is related to the component with the
longest half~-time. The difference in effective area between
wice and man (25 to 35 fold) is the result of the greater
gastrointestinal uptake and the increased retention time of
the latter, Figure 1 shows the whole body retention functioas
for the 4 species and suggests the possibility of hetarogonic
relationships betweeq total effective area, intestinal uptake,
and size of the species. .
Figure 2 shows the relutibnship between body weight bf 5
the species and uptake (amount retained at 2 days), as well
as the relationship of body weight to the effective area of
the retention function., An interspecies correlation between
these parameters and body weight seems to exist, and the
effective area (Y) in terms of the body weight (W) is givené.

by the expression =

Y = 146.0 x9-3977

Although a log-log relationship is insensitive, human metabol
parameters derived in this way should be preferable to experi
wental animal data for calculation of maximum permissible lev
of radioisotopes.

Tissue distribution studies in rats showed that the lon
component of the retention function represented loss of Zn65

from bone and hair., However, because the biologically effec
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65

energy of Zn = is hard gamsa radiation, the whole body may

be considered as the critical organ. A comparison of presently
recomuended maximum permissible concentrations of Zn65 in
water, (MPC),, with those calculated from the present data

for man is shown in Table 4. The two values for -resultod
from using the parameters from the long component only (c)

and those for all 3 components (d). The ratio of ¢c to d

(~1) is the same as the ratio of the area under the long

component to the total area (Table 3, -

105457k -88-
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TABLE 4. Maximum Permissible Concentrations of Zn65 in
Water (HPC)'(‘)
Tb T ‘v
(days) (days) 1 (312 (wpe),
ICRP (1852) 23 21 0.10 0.10 2.6 x 10~2
1cRP (1959) 933®) 194 0.10 0.10 2.8 x 10™3

-4

-(d) 445 157 0.5  7.0x 10
an

1.00®  7.0x 10

- 445 157 0.69 5.1 x 1074

9.2x10%q 1,
a - - H
(MPC) , = o t,Q - 8-0.693t/T). Critical organ = whole body;

q = 60 uc.

bCalculated value,

n
“Denominator of (MPC)' equation = f'[z 2T, Qa - 0-0.693t)J‘
i

i

dLC indicates laboratory case.
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Metabolism of 21rconiuu95 and Ruthoniunlos in Mawwals (C., R.

Richwond, J. E. Furchner, and G. A. Trafton)

Introduction

95

Zirconium™", Rulo6

144 are radionuclides formed

, and Ce
in relatively high yield in the nuclear fission process.
Zirconiua®> Nb?5 and Rul®®/Rn1%® have been identified in
animal tissues and foods by gamma ray spectrometry.

1“/l’r“" has been found in the rumen contents of ani-

Ceriunm
pxls and possibly in some foods. Although they are known to
be poorly absorbed, the increasing presence of these relatively
short-lived radionuclides in the environment suggests the

need for further investigation of their absorption, retention,

and excretion by laboratory animals and man.

Methods and Results

A wultiple tracer experiment using ngs/Nbgs, Ruloa/nhlos,

and Ce“‘/Pr144

in rats provided preliminary information on
gastrointestinal absorption. About 3.9 per cent of the
Zzirconium, 1.5 per cent of the ruthenium, and about 0.6 per
cent of the cerium remained in the animals on the second day
following oral intubation. These numbers probably reflect
some differences in excretion rates as well as gastrointes-

tinal absorption; however, the former is relatively un-

important in determining the observed value because of the

-90-
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ghort period of observation. When administered orally, such
gasll fractions of these substances are absorbed from the
gastrointestinal tract that the retained activity soon falls
pelow the detectable limits of most measuring techniques.
For this reason, their retention in rats and wice was
studied after intraperitoneal administration of the radio-
nuclides. We have found that whole body retention functions

after oral and intraperitoneal administration of Znss, Sras,

and Ba133 are the same if corrected for the quantity not
absorbed from the gastrointestinal tract,
Figure 1 shows whole body retention data for ~140 days

in 2 groups of rats injected intraperitoneally with tracer

IOG/RthG 95/Nb95

doses of Ru and Zr and assayed periodically

in an in vivo scintillation counter. It appears that the
halt-time of the long component of these materials will be
considerably greater than indicated in the National Bureau
of Standards Handbook No, 69. Data are being or will be
collected for mice, rats, dogs, monkeys, and possibly man
following acute oral administration for purposes of inter-

species comparisons,

144 106

Daughter products from Ce and Ru do not complicate

retention studies because of their short half-lives. Because
95
Nb™ has a half-life about half that of its parent (ngs),

é the retention and excretion of Nb>° are also being studied.

-9]l=
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Fig. 1. Vhole body retention of intraperitoneally ad-iniston”
lmms/m\m6 and Zr”/tm95 by rats.
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A newly designed small animal liquid scintillation counter,
LASAC-III (Los Alamos Swall Animal Counter III), will be
gore gsensitive to relatively weak gamma radiations than the
counters currently in use., Whole body retention of
c,l‘“/prl“ and other radionuclides with low energy gamma

radiations will be investigated in small mammals using this

equipment.
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Volume and Turnover of Body Water in Various Mammalian
Species Using Tritiated Water as a Tracer (C. R. Richmond,
T. T. Trujillo, and W, H. Langhawm)

Introduction

The kinetics of body water retention were studied in
7 wammalian species as part of a general program to inves-

tigate interspecies correlations in the metabolism of radio-

nuclides by mammals.

Methods and Results

Tritiated water was used as the tracer. Table 1 gives i

the details of the individual experiwents. To determine
total loss (or replacement) of body water per unit time, one
wust know the size and turnover time of the body water pool.
These parameters can be determined from the Y-intercept and
the half-tiwme of the regression function which relates

logarithm of HTO concentration in body water to time after

adwinistration. Table 1 also summarizes the results for
half-time and body water for the various species. The reten-
tion process for all species (throughout the period of study)!
was best described by a single exponential function. Data
for Dipodomys deserti (Kangaroo rat) are included as these
animals are atypical as regards water metabolism., For those |

cases where comparisons can be made, individual values in

1054582 -94-
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Table 1 (columns 6, 7, and 8) agree reasonably well with
existing data.

Figure 1 shows an allometric relation between daily body:
water loss and body weight. The coefficient of correlation
for the regression line is 0,996 and the 95 per cent confidence
limits are shown for the plotted mean values. Kangaroo rats
do not fall within the 95 per cent confidence limits of the
regression line. The rate of body water turnover is about
one-third that expected from the regression line. A mean
half-time of ~12 days for body water retention (Table 1) is
indicative of the high degree of water conservation practico@éj
by these animals. Adolph (1) reported a regression coefficien
of 0.88 for an interspecific comparison of daily water intdkdf
as a function of body weight.

Although the volume and turnover of body water may vary /
warkedly among species, these factors can be used to determine
the volume of daily loss which is related interspecifically -
to body weight. One should be able to estimate fairly
accurately the turnover time of body water for many mamwalian
species by using this equation and assuming the body water to
be 60 per cent of the body weight. For example, the turnover
time for a 10-ton elephant would be about 25 days. This
represents a biological half-time of about 17 days. Figure 2

shows a plot of the log of total body water of the various
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species as a function of the log of the body solids. These
data merely show that the ratio of water to solids is a
constant for the 7 species and show that the degree of hydra-
tion of the tissues of the Kangaroo rat is quite normal.

This emphasizes the known fact that the unusual ability of
this species to live in the desert involves a special adapta~

tion of the kidneys for the conservation of water,
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CHAPTER 3

C R

LOW-LEVEL COUNTING SECTION

wonitoring of Milk for K%, cel37 and Bal40/1a1%0

(8. Clinton, J. Allen, and E. C. Anderson)

Introduction

A project to monitor systematically thﬁ;U.'S. powdered

silk supply for Csl37, x‘o 140

, and Bat49,14240 ug vegun 1n
1956. During 1957-1958, addition&l collection stations were
included to give more complete coverage and to provide
information on specific questions. The network of collection
stations as of the present time is shown in Fig. 1. Tabula-
tions of the 1959 data are being published quarterly:in the
New York Health and Safety lLaboratory's Strontium Program
reports (1-4)., A complete tabulation of 1958 data was
Published in a Los Alamos Scientific Laboratory report (5),
which included a description of the method of measurement.

- Sussaries and interpretatiops.of the 1956 and 1957 results

’ere Published in two Science articles (6,7). A general

~103~
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cuswary and interpretation of 1958 results have not been
pub1ished, although pertinent conclusions drawn therefrom
pave been made known through discussions and correspondence
with interested people and agencies. In the interest of
providing continuity, the present report includes discussion

of results obtained prior to the present report period and

some review of past reports and of the 1958 results.

Results and Discussion

An earlier interpretation of 1957 cs137 jevels in U. S.
powdered wilk as a function of rainfall (7) showed th;t the
country could be divided into two well defined regions. One
(in which the csl37 per inch of rainfall was high) included
the western and northwestern and far northern states, and the
other (with low Cs137 values) included the southern and
eastern states. In this analysis of the data, all samples
showing the presence of Bal40 /12140 yere eliminated.

Figure 2 shows a re-evaluation of the 1957 data on the basis
of total precipitation, including all samples. In this case,
of course, the averages are somewhat higher. Division of the
country grossly into two more or less well defined regions
still persists. Values in sowme of the western states and
especially in California, however, seem to fall into an

intermediate region. High tropospheric fallout anomalies

~105~
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are shown by Biswarck, North Dakota, and Idaho Falls, Idabo.
{n these cases, prevailing winds are from the general direc-
tion of the Nevada Test Site favoring high tropospheric
gallout. High rainfall anomalies also occur (McMinnville,
oregon; Fernbridge, California; and LaGrange, Texas). These
are high local rainfall areas, where total precipitation is
considerably higher than the average for the general region
in which they occur. This results in relatively lower
c.137hctivity per inch of precipitation. Locations or areas
pear the diffuse or ill-defined borders of the two general
regions may be expected to show up as transition anomalies.
Only one such anowaly (St., Albans, Vermont) is indicated by
the 1957 data.

Figure 3 shows a corresponding treatwent of the 1958
wilk data. The general picture remains the sawe as that
for the 19357 results, with perhaps a somewhat greater scatter.
The greater scatter way have resulted froe a number of factors,
The 1958 bomb testing programs were unusually large and spread
out over a greater period, and for the first time large
Amounts of debris were injected into the environmwent at far
northerly latitudes. New milk sampling stations also were
introduced to represent possible transition anomalies.

Many of the additional sites included during 1958 were chosen

=107~
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to 11e geographically along the boundary between the two
regions defined by the 1937 studies (including Sibley, Iowa;
Claremont, Minnesota; Deerfield, Wisconsin; and Andover,
jsssachusetts), and these indeed show an intermediate ratio

of 08137

to precipitation. Other new points fall into

their respective main regions: Bertha and Stillwater,
Minnesota, and Bottineau, North Dakota, in the region with
rsinfall of high specific activity, and Bloomington, Illinois;
Lancaster and Springboro, Pemnsylvania; Binghamton, New York;
and Wilkesboro, North Carolina, in the region with lower
sgecific activity rainfall. The high rainfall anomslies
.smain as before. No tropospheric anomalies were observed,
consistent with the much lower Bn14°/1n1‘° levels during

this year, and perhaps consistent with the fact that the

1958 Nevada tests were held later in the year and under
conditions that minimized tropospheric contamination.

137 milk levels for

A comparison between the average Cs
1957 and 1958 is given in Pig. 4. Many regions showed little
or no change, while others appeared to have increased 30 to
60 per cent. Only four out of 30 points showed a slight de-

crease., No conclusions concerning direct versus indirect

-109-
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.colotic"l uptake can be derived from this comparison, since
poth the integrated level and rate of fallout increased
du;-ing 1958 by about 40 per cent above the 1957 level.
clearly, many of the milk sawples failed to rise as much

as expected on either basis.

’ Figure .': shows an analogous comparison of the cs137 1n
people for 1957 and 1958. While there is considerable
gcatter, the results are not inconsiétent with an increase
of 30 per cent or so, as in the case of the milk samples.
The four New Mexico points refer to quarterly, rather than
vearly, averages,
e rigure 6 gives the relationship between the C3137 in
people with that in wilk frow the same general area for the
year 1958, Again, the New Mexico averages are by quarters.
Some of the scatter is certainly due to failure of the milk
sources to correspond with the population sample or (as way
Zbo the case with Kansas, Missouri, the Southeast, and
‘Oregon) too few measurements on people to provide a represent-
Ative sample. There is no systematic program for measuring
Cl137 levels in the population. Sampling consists only of
the occasional Los Alamos visitor who agrees to being
é‘nurcd. The slope of the curve again suggests a discrimina-

tion factor of about 2 for cesium to potassius on going from

"ﬁuk to man. As concluded from the 1957 results, roughly half

=111~
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the C8137

in people appears to be derived from milk.
Since the 1959 results are not yet complete, a detailed
analysis is not possible at this time. However, a pr011;7

137 concont;-a-

inary summary can be given. The trend of Cs
tion ip milk with time for a few representative locations is
shown in Figs. 7 and 8. The amount of structure is surprip;
ing for a period during which there was no troposphonic |

contamination because of the test moratorium. All statiod%‘

137 activity near uidyenra§§0£ﬁi

show a sharp peak in wilk Cs
show two peaks, one during early spring and another duriig‘r
the early summer. At least three possible factors canyff .
contribute to the structure: (a) ecological (e.g., nature
of the cows' fodder, silage, graze, etc.); (b) procipitsf}qu
patterns influencing deposition of fallout; and (c) nonégj'
uniform transport from stratosphere to troposphere. Aﬁ;;i
attempt is being made to separate and identify the iupottii
factors. |
It is interesting that 1959, the first year vithoulﬁ
weapons tests, has shown both the highest and lowest C‘ISS
concentrations yet ohserved in wilk from several locatianl.
The high peaks in May (e.g., Burlington, Washington, and_
Franklin, Louisiana) may be a delayed reflection of tho
intense testing during late 1858, and the stratospheric

injection of large amounts of contamination at far northeé®:
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latitudes. The unusually low levels being reached by wmany
areas i the fall of 1959 way result from the first "clean"

troposphere during the period of observation,
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Correlation between 05137 Levels in People and Milk frow a 3

Specific Area (B, E. Clinton and E. C. Anderson)

o,

Introduction

As wentioned in a previous paper (1), correlation of o
c:137 levels in people with the levels in milk for the countr
in general is made difficult by the sampling problem; pccpif%
in general, do not come from the identical area in which tﬁ"
milk is produced and, since sampling consists of motsuring ba
visitors frowm the various areas, frequently the ss-ple sizi
is too small to be representative. For New Mexico, on thggéf
other hand, data are available for a sizable local populsiﬂlﬁ
sawple since the beginning of 1956, and frequent mensuro.‘ﬁgg
have been made of the fresh milk production of three ngjqr;i
dairies in the Albuquerque area ovef the same period. Thdi:

correlation between these data should be conlidorably-bcttﬁg
and & more detailed analysis has been made.

Ao

Results and Discussion

wf .i

Because of short-term variations in the wmilk samples
and individual variations in people, the data have been
analyzed by quarters and these averages are plotted in ra(??
the upper curve giving the results for people, the lower cur
that for milk. The number of measurements contributing to

the average are indicated in parentheses near each point,.
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For both people and milk the level has risen slowly and jiﬁ

irregularly over the period of observation, at average rates _

£
®

of 10 and 5 pyuc Cs/g K per year, respectively. The pronouné§
peaks in the milk activity are due, in part to intense troﬂ-‘
ospheric fallout, as shown by the presence of Ba14°/Lnl4°
activity. 1In addition, a seasonal pattern in the wilk ;
activity is suggested such as might be expected from chnngol;;
in the food sources of the herd. A somewhat similar, but ;;vl
* less intense, structure is evident in the data for people.@gﬁ'
. A more detailed analysis of the correlation between li}kﬁ
! and people is possible from the data shown in Fig. 2, in '51.;

the quarterly averages for people are plotted against the

L

milk average for the preceding quarter. Since the biologi _
| ' half-life of c-137 in wan is approximately four months, a
of about one quarter is expected for a product such as uilk{?
; , which is largely consumed soon after production. The point;f
g : are numbered and connected in chronological sequence. Of t4
N 11 points, seven show an excellent correlation, while four f'
scatter badly.' Careful consideration of these four points ]
very revealing and suggests a reason for the discrepancy. ‘
The two points falling below the curve (points 6 and 10) aréi
associated with milk averages for the third quarters of 195%
and 1958, respectively. These are the points showing the

strongest tropospheric peaks in the previous figure (due at




-
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Fig. 2, Cesiun137 content in New Mexico people versus New
Mexico wmilk averages.

-121-

1054609




least in part to the United States' Operations Plumbbob and

By et
1

i Hardtack). The duration of the milk peak is too short for
the activity of the people to rise proportionately, so these .
periods fall below the curve. The effect is due almost

entirely to the milk being too high; the activity of the

people rewmains nearly normal because it has not had time to-

-
T A :
e v e - — —————

rise before the wilk activity returns to its former lower

level. A similar but smaller effect is also to be noted in

—~———
-

the third quarter of 1956 (point 2).

ittt

The wost promounced failure of people to follow a peak. .
in the milk activity is in the third quarter of 1957 (point 6

. B - v malSd D D
e TN
=

In the second quarter of 1958, however, a peak occurs in the:

5 B

activity of people which is not preceded by a milk peak in

the first quarter (point 8). 1In fact, at this time the wilk ;
is in one of the seasonal depressions previously mentioned.

This aberrant point is due almost entirely to the high human

g
e SN e .

value; the milk is only slightly lower than might be expected:
This peak in activity of people may be ascribed to a delayed

.
X e N

response to the tropospheric fallout and/or seasonal peak of .
tho;prcviout;-n-lnr. Foodstuffs such as wedt.and cereal grai

uay bave: a delay-of as much as six months between peak cont

o A am -

tion and its reflectance in the activity!ot the consumer, |
similarly discordant point for early 1857 (point 4), therefo:
way be ascribed to the delayed appearance in people of the
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1956 sumser peak, coupled with the annual winter depression

ol the wilk activity. In this cuo;;" the two effects appear
to contribute about equally.

If the above explanations are correct, the high wilk
activity observed in the third quarter of 1958 should be
gollowed by a sharp peak in the human activity during the
gecond quarter of 1959, in spite of the fact that the test
soratorium began at the end of 1958. This is indeed the case
as is evident frow Fig. 1. During this quarter, the New
Nexico population average reached an all time high of
79 gpc 03137/3 K. During the third quarter, this average
#11 to 67, indicating the transitory nature of the increase.

A wilk peak was also observed in most of the United
States during the suwmer of 1959 (see following section on

137 20

Correlation of Cs and Sr levels in Milk). VWhile no

,lal‘O/LLI‘O activity accompanied this peak, it is not certain

jthat the increase is due entirely to seasonal effects. This
uncertainty is due to the unusual nature of the weapons tests
in the fall of 1958; that is, the injection of large amwounts
of debris into the Arctic stratosphere in which an unusually
short residence time of perhaps 6 wmonths is expected. Data
taken during the spring and summer of 1960 should help clarify
this point.

“ The above explanations are admittedly ad hoc and cannot
A
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beczxegarded as definitively provem by the data. However,
they-do preseant a consistent picture and have the advantage .

of suggesting further experimentation. If true, they also

T JRTA U
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REFRRENCE

illustrate the complexity of the situation and the necessity
¢ ¥ for complete studies on statistically significant numsbers
ﬁf | of people and on the major componsnts. of their diet, 1n.ordc§
ﬁ} o to:be certain of the factors operating.
{
H

(1) E. C. Anderson, Science 128, 882 (1958).
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correlation of C8237 and 3r% Levels in Milk (E. C. Anderson

4ith A. R. Schulert, Lamont Geological Observatory)

Introduction

90

Monitoring the Sr levels in the country's milk supply

is difficult, tiwe-consuming, and expensive. Since no gamma

90

rays are emitted by Sr , a chemical separation sust be

porforud preparatory to low level beta counting. Ctuiu-n",
on the other hand, can be easily and rapidly determined with-
out processing by gamma ray spectrometry with either a liquid
scintillator or a sodium iodide crystal counter. It is very
sttractive, therefore, to consider the possibility of estimat-

ing Sr9° concentration from the 03137

analysis.

Because of the great chemical differences between strontiums
and cesium, it was clear a priori that s correlation between
their levels in milk, if any, would not be rigorous and would
be subject to a number of variations (including soil type and
cosposition, nature of forage eaten by the dairy herds, etc.).
High precision, however, may not be required for some monitor-
ing problems, and frequently the point of principal interest
is the average concentration of the radioactive nuclide over
say & 12-month period rather than the concentration in individ-
ual samples. Sharp fluctuations in Srgo levels are less

important than the general trend in the activity level. For

this reason, it seemed worthwhile to make a fairly detailed

1054613 m128- [ Ans
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study of the Srgo and C8137 concentrations in milk samples

from various parts of the United States.

Results and Discussion

Weekly aliquots were taken from the LASL file of dry

milk samples beginning in early 1857, composited by months,

and sent to the Lamont Geological Observatory for Srso and

calcium analyses. Results of this program have been reported

-—————

in. the Lamont Geological Observatory's annual report (1l).
They concluded that "the Srgo is varying essentially indepe

ently of the 01137 in time so that measurement of the lattex

cannot be used to obtain quantitative estimation of the 8r9°.

Although a rigorous quantitative correlation in individ

o ——————— . b b, B i - - ¢

ual samples does not seem to exist, crude relationships do

. A general area correlation is indicated by comparison of o

!
i
,# seem to appear between averages for a given area or region.;
1
90

values {

Table..

1058. Cs137 values. for Canadian milk with the Sr

from the same~area reported by Grummitt, et al (2).

90 137

and Cs average levels :

K : shows the. relative rating of Sr
in>four major: Canadian milk producing areas.
-3 Pigure 1 presents the LGO-LASL data plotted as Srso

! vor-ns-C.;37, rather than as strontiums to cesium versus

date. While the scatter is indeed considerable, the corre

R

tion between the two variables is rather good as biologi

LT, .
POt 40 S £

et
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TABLE 1. RELATIVE Sr2° AND cs!37 AVERAGE LEVELS IN FOUR
MAJOR CANADIAN MILXK PRODUCING AREAS (1958)

Relative Averggg Level

Area sr% (2) C3137 ,
Ontario 0.6 0.69
Western Canada 1.0 0.87 ;
Maritiwes 1.2 1.17 x

Eastern Quebec 1.5 1.89 ?

e

experiments go. The explanation of the apparent contradtc-

e

11
)

tion of the two independent interpretations appears to be g

m?ditteranco in the precision standards used. Referring aum

to the LGO report, specifically to their Fig. IV-A for Bi

North Dakota, one can note that over the period from hrch':‘

90

through August 1958, the Sr concentration in the wmilk a?n{

from 6 to 22 puc/g Ca (a factor of 3.7), while over the smz

137

period the Cs changed from 37 to 80 upc/g X (a factor oi,_« ;

2.2). The ratio changed on the average from about 0,13 tc*}
0.23 (a factor of 1.5). The range of variation of the rt’t&bi

(from 0.10 to 0.28) supports the Lamont concluaion that IJ"

137

urements of Cs cannot be used to obtain quantitative e-fﬂz

tion of the Sr?°. It also appears to be true that a cortaili

90 variation is not paralleled by a corrupl

ing variation in the 01137. However, it is our contontion:ﬂ

portion of the Sr
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the basic long-term increase over this period (as well as the

gubsequent decline during 1958) is common both to Sr90 and

63137: and that within an admittedly large uncertainty it is
possible to estimate one from the other. Whether the correla-
tion is sufficiently good to be of practical value will depend

80

on the problem at hand. Where accurate Sr values are

required, as for example in the estimation of discrimination

137

factors, calculations based on Cs lévels are clearly use-~

less. For routine monitoring, for example as a means of

90

interpolation between direct Sr determinations at yearly

intervals or in areas not otherwise sampled, the method may

g aarer

SR

"+ of some utility.
As Fig. 1 clearly demonstrates, the correlation coefficient
is not a constant for all geographic locations but varies
significantly in different parts of the country, the range
between Vermont and North Dakota being a factor of 2.
Figure 2 shows the geographical variation in the observed
average Sr90/08137 ratio in milk; a calcium to potassium ratio
of 0.69 is assuwmed.
It is possible to estimate crudely the expected value
of the Sr90/03137 ratio. If both strontiums and cesium in

8ilk are derived entirely from soil uptake, then the ratio

should be given in accordance with the following expression:

-129-
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90 Sr” Ca

K
Sr =177 x| =— x DF, x DF, x|~ (1)
—Y37 [Cf] 1l 2 [;‘]
s |miik [°® Jtallout soil milk

yhere DF; is the ratio of the discrimination factors of
gtrontium and cesium relative to calcium and potassium in
going from soil to plants, and DF, is the corresponding

ratio between plants and milk (3). The arithmetic solution
is:

90
Sr__ - 0.55 x 1/20 x 0.7/0.01 x 0.13/2 x 0.100/0.145

37
Csl milk
= 0.086

+11 these factors are more or less uncertain, the principal
K

gsources of error probably being in the &
soil

and DF1
values (3).

An alternative simple model assumes that both Sr90 and

C3137

are derived only frow direct fallout (by foliate
absorption by plants and/or direct ingestion by the cow).

The ratio is then given by Eq. 2:

90 90
Sr Sr Ca
- X | o X DF X [ (2)
Ccald? cal37 Ca 2 [x ]
milk fallout lant milk

Here, the principal numerical uncertainty lies in the choice
of the potassium to calcium ratio for plants. For shallow-

“ooted grasses, this value is about 4.7 whereas for more

' -131~
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deeply rooted hay crops (such as alfalfa and clover) it is
37

about 1.4. The calculated ratio of Sr'go/Cs‘1 in milk is,

therefore, 0.116 to 0,035 (depending on the potassium to

calcium ratio chosen for the plants). Note that e pousiblo-'

seasonal variation in the ratio may result from the grass-
F} hay difference as the feeding regimen of the dairy herds
undergoes seasonal change.

For the more probable case in which both soil uptake
and direct fallout contribute, a general calculation is not
possible, However, the agreement of the range of c:lcul:todf
values with the observed range of 0.04 to 0.14 is encourag-
ing, and this suggests that a detailed calculation based on

¥ . actual potassium to calcium ratios in soils and plants of a

given milk-shed or fars would be profitable.
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total Body Potassium in Man (B. E, Clinton, W. H, Langham,
and E. C. Anderson)

Introduction

Measurements on the average potassium concentration of
tbe human body (determined by whole body counting of the K40
jsotope) as & function of age for 1590 subjects have been
,,.bnmd (1). Interest in body potassium has continued
h.cgu!g'ot its possible relationships to lean, protoplasaic
usss é}’thﬂ body, to muscular development, and to physiology
of ng Whole body counting of the gamma rays from the

gprllly occurriag isotope x‘° permits determination of the
ﬁnu ,o;asniun content in only 300 seconds., If indeed the
body* t-potalliu- is confined to the lean, oxidizing, proto-
plasmic mass, it should correlate with basal metabolic rate
and ahonld give information regarding a fundamental body
uuiaoiir and its variation in health and disease. Potassium

seasurements may be used also indirectly to estimate body
fat.

Results and Discussion

During the past few months attempts have been made to
¢NM&5ﬁ§SL whole body potassium measurements with those made
*lsevhere by the same and other methods.

S

o
L
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A comparison of LASL results on 21 male subjects (aged
19 to 20 years) with similar results (using a Nal crystai
counter) reported by McNeill and Green (2) for thirty 19-year
0old subjects showed excellent agreement. They reported an
average potassiums content of 2.12 + 0.02 g/kg, compared to
our average of 2.15 + 0.05 g/kg. In addition, 1 subject -
of the United Kingdom Atomic Energy Research Establishment
at Harwell has kindly sent the results on himself as de-
termined at four installations (including LASL). These
couparative results are shown in Table 1.

TABLE 1. TOTAL BODY m&tssx% AS INDEPENDENTLY
MEASURED AT FOUR DI STALLATIONS

Total Potassium

Installation and Method ®)
LASL (1iquid scintillator) 152
Leeds (plastic scintillator) 153
Harwell (Nal crystal) 149
AXL (NaI crystal) 146

Tive subjects whose total body potassium had been de-~
termined at the Naval Radiological Defense Laboratory using

43

K isotope dilution were weasured in the Los Alamos counter,

and a cowparison of the two sets of results are shown in Tab

=134~



* TABLE 2. COMPARISON OF TOTAL BODY POTASSIUM MEASURED BY’K‘O

COUNTING (LASL) AND BY k42 ISOTOPIC DILUTION (NRDL)

- LASL NRDL#*
SubJoct ¥t (kg) K vt (kg) K (g)

for the opportunity to make

Ie are grateful to and
this comparison,

In only one case is the disagreement between the two methods
greater than 5 per cent. Note ;lso that in some subjects
there were rather large weight changes between the two sets
of measurements. Since the last four persons were athletes
(voizht lifters), some differences in total potassium may be
expected on the basis of intensity of training and degree of
physical fitness at the times of measurement. One individual
- had been training for about 30 days in preparation for
-Olympic wrestling competition,

REFERENCES

(1) E. C. Anderson and ¥W. H. Langham, Science 130, 713 (1959).

(2) K. G. McNeill and R. M. Green, Can, J. Phys. 37, 683
(1959) .
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Calibration of Large Volume Detectors for Absolute Measure-
ment of Cs (E. C. Anderson and M. A. Van Dilla)

Introduction

The problem of absolute calibration of large volume

detectors for 03137

measurement is difficult because of the
complex decay scheme and differing wethods of absolute
standardization. Two types of standards have been inves-
tigated: those based on gamma ray meagsurements and those
based on absolute beta counting. For calculation of true
microcuries of 03137, it is assumed that the gamma ray
abundance in the decay scheme is 85 per cent (95 per cent

beta decay to 81137'

, 10 per cent internal conversion of
the 0.662-Mev gamma ray) and that total electron emission
per disintegration is 1.095 (the conversion electrons of
Bal37™ .re emitted with a half-life of 2 minutes and are,

therefore, counted by the absolute beta method).

Methods and Results

Table 1 summarizes recent recalibrations made with new

sets of independent C3137

standards. Three of the standards
used for these recalibration studies were prepared at the
Walter Reed Army Institute of Research (designated WRAIR 3,

4, and 7) from aliquots of a National Bureau of Standards'
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BLE 1. CESIUMY37 CALIBRATIONS OF THE FIRST MODEL LOS ALAMOS
LARGE VOLUME LIQUID SCINTILLATION DETECTOR (HUMCO I)

Nominal Corrected
Activity for Decay Humco 1 Corrected
standard (d/sec) (d/sec) (c/sec) Efficiency Efficiency*

WRAIR 3 47,400 45,700 6,527 0.143 0.150

WRAIR 4 3,790 3,540 612 0.167 0.167
WYRAIR 7 47,400 45,700 6,659 0.145 0.153
Average 0.157
LASL 1 24,200 23,200 3,690 0.159 0.159
LASL 1la 2,960 2,850 448 0.158 0.158
LASL 3 23,700 22,800 3,668 0.161 0.161
LASL 4a 2,950 2,830 436 0.155 0.155
LASL 1
and 3 47,900 46 ,000 6,914 0.150 0.158
Average 0.158
BEumco 1 4,260 3,920 746 0.190 0.190

sCorrected for coincidence loss.

137

Cs solution, and four standards (LASL 1-4) based on absolute

beta counting were prepared by Group J-11 of the Los Alawos
Scientific Laboratory. The LASL standards were cross-checked

against a Nuclear-Chicago 03137

gasma standard, and the two
wethods showed agreement to + 3 per cent. The Humco 1
:tan&ard has been the working standard used for all human
counter measurements thus far published. It was calibrated
in January 1956 by absolute beta counting. It appears from

this table that the absolute calibration on this standard is

in error by 21 per cent, and the true source strength is

-137~
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4280 x 0.190/0.158, or 5140 d/sec. The magnitude of this - d
discrepancy has been verified by measurement of the Humco 1_7
standard against LASL 1 on the crystal spectroweter. An ‘
activity ratio of 0.191 was obtained with the spectronctcr,f

compared with a ratio of 0.203 measured with the liquid ¥

scintillator.

The actual carrection to be applied is smaller than
this, since in the initial interpretation of the beta stands
ardization it was not realized that the conversion 01«:1:1--~~‘i
were being counted. Since Pebruary 1, 19356, the IBM prac

137 counting efficiency has used 3800 .

for calculating Cs
rays per second as the strength of the Humco 1 standard i'-
85 per cent as_the gamsa ray abundance, which is equivalent.
to a source strength of 4580 d/sec. The present rocslibra;
tion indicates that all results should be raised by 35140/

or 1.12. This correction appliccito all published fo-ult?,

except t@p 195740:t3 suswary as reported in~sc10nco (1)._,1

These data were based on an earlier co-putor pro'rn- and
should bo‘?n;ti;iiod by 1.18 to put them on the same btltg
as t§¢~oth§;hdat:, or by 1.18 x 1,12 = 1.3§ to put them ¢
thdﬁn.v rocalibratcd basis. o .

A ;o-analyctl-of calihrstion dnta ohtainod with aqg 4
phantoms, sugar phlnto-., and humans 1n¢.¢tin¢ traccr -:a

of cl137 has rovnalod ‘the need for an ldditional corroc

~138-
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gactor in tha computer program. It was early established

137 counting efficiency did not depend markedly

that the Cs
upon the weight of the subject or sample, the variation
petween 40 and 170 pounds being within the range + 7 per
cent. Since this effect was small compared with other
gources of error and with the random variations of the
subjects being measured (standard deviation of tho population
distribution curve = 36 per cent),; the program was written

C3137 efficiency independent of sample weight. Cal-

03137

with a
ibration is based on the daily measurement of the
standard placed in the center of an 88-pound sugar phantom.
Self-absorption for a central source is higher than for a
distributed source by 22 per cent (in the case of people)

and 38 per cent (in the case of dry milk samples). A reduc-
tion in the calculated absolute activity by these factors

is, therefore, indicated.

Combining the self-absorption correction with the re- °*
calibration of the standard gives a total correction factor
of 0.915 for people and 0.810 for milk samples. (For the
1957 summary in Science, the total correction factors are
1.08 and 0.98, respectively.) It should be noted that these
corrections refer to the absolute value of the C3137

concentration and that all values are changed by the same
factor., The relative precision is not affected by the change,

=139~
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- tion problem as soon as Humco II is operational (see below), |}

)
3
3

and cggxglation- with rainfall, geographic locations, etc.,
are unchanged. The discrimination factor between milk and
man, previously reported as 1.8, however, is increased to
2.0 because of the 13 per cent difference in the corrections
for these samples.

It is planned to reinvestigate the entire Cl;37 calibrs

With the improved precision expected from the new counter,
it is desirable to refine the absolute calibration propor-
tionally. Pending the results of this detailed study, tho_
present computational program will not be changed to include

any of. the above effects.

(1) E. C. Anderson, Science 128, 882 (1938),

Tyl
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Measurement of [LASL cyclotron workers in November 1958
in Humco I (1) revealed the presence of radioactivity in ex-
cess of normal k40 in the 1- to 2-Mev region. This excess
vas identified as Zn65 using the low~level gamma ray spec-
trometer (2,3). Figure 1 is a typical spectrum showing the

characteristic zn%5 peak at 1.11 Mev in addition to the usual
137 and K‘o.

65

Cs

Zinc can be produced in large quantities in cyclotrons
accelerating deuterons by the roaction‘cﬁss(d,zn)Zn65 on
copper dees and other parts. In fact, this reaction has been
used for producing high specific activity Zn65 (4) for
biological tracer work. 1In addition, deuteron reactions can
produce 291-day Hn54 3

Be’.

» and He" reactions can produce 53-~day

A repair operation in which the machine is opened and the
dees removed is referred to as a 'rollback" at this Laboratory.
When this occurs, a major clean-up usually follows. During
rollbacks, gamma ray spectra of filter papers* from the air

samplers have shown Zn65

, but in addition peaks very close to
the energy of Be7 (0.48 Mev) and llns4 (0.84 Mev). The surface

of a nearby workbench top showed the same radioactivities, as

*HV-70 filter paper was used; manufactured by Hollingsworth and
Vose Co., East Walpole, Mass.
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- 4id the cyclotron deflector and ion source holder. Assuming
i ¢tpat the 0.48-Mev peak is actually 307, then this and Zn65
gore the predominant radionuclides observed and their abun-
dances were comparable. Tools (screwdriver, etc.) were

: gimilarly contaminated; the amount of Zn65 was of the order

% of 0.1 Ke.

Gamma ray spectra of several of the cyclotron personnel
| : gost involved in rollbacks have been measured serially since
 the exposure was discovered in November 1958. These data
are shown in Fig. 2, The maximum body burdens observed were
about 0.1 uc, which is quite trivial compared with the maxi-
sup permissible body burden of 60 pc (5). The effective
biological half-time is slightly less than the half-time of
physical decay ('1‘1/2 = 245 days). Recontamination, however,
-” say have occurred as a result of rollbacks during the period
., of study, and results on one individual seem to show this.
“i@ Doses of Znss, adwinistered orally to people (6), were

; efficiently absorbed, and retention ranged from 50 to BO per
cent several months after ingestion. The effective biological
half-time was 158 days. Urinary excretion several weeks after
- ingestion was only about 0.05 to 0.1 per cent of the body
burden. Analysis of urine samples of the five cyclotron

65

vorkers listed in Fig. 2 showed that if any Zn were present,

. * the amount was less than 0.2 to 0.3 per cent of the body
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b“tdan in
id the cyclotron personnel show any radioactivity other than

137 and x4°. This was at the end of

a 24-hour sample. It is interesting that only once

d
zn65 and the usual Cs

June
close to the 807 energy. This may have been skin or hair coan-

1959, when they showed a peak at 0.46 Mev, which is very

tamination subsequently washed off.

To winimize recontamination during rollbacks, when partic-
ulate matter may become air-borne, protection is afforded by
use of shoe coverings, gloves, coveralls, caps, and respirators,
The routes of entry into the body are not certain, but prob-
sbly one of them is inhalation. All the personnel were fitted
for respirators (the half-mask type being preferred by the
group) . External exposure has been kept within permissible
levels by using shielding, distance, and limited working
times.

It is probable that many cyclotron workers and perhaps
those working on other accelerators (or reactors) have small
Zn65 burdens. It has been reported in two cyclotron workers
at the Massachusetts Institute of Technology (7). A survey
of those potentially exposed at other installations would
be of interest from the viewpoint of good health physics
practice and better understanding of the metabolism of radio-

auclides in the human body.
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65 apd Zirconium "~ in Food (M. A. Van Dilla)

C

z,_ncss can be produced by bomb tests and nuclear reactors
by peutron interaction with stable zinc and, in special cases,
{ts presence in living organiswus has been observed (1-3). We
pave DOV detected this isotope in muscle and liver samples
tros cattle raised in Nevada (4), and also in commercial ham-
purger (lean ground beef shoulder) and beef liver from the

95 and niobiungs, a

southvestern area (Table 1). Zirconium
{ission product pair very common in fallout, were also de-
tected in the Nevada and locally procured liver samples, but
pot in the muscle or hamburger. Examination of milk samples
from two aress of relatively high fallout (northwest Washing-

ton and Louisiana in May 1959) showed 1little or no Znes.

"4 Careful measurement of two people at this Laboratory failed

to reveal anything but the usual C8137 and K4°.

TABLE 1. APPROXIMATE RADIOACTIVITY OF COMMERCIAL BEEF LIVER
AND HAMBURGER OBTAINED LOCALLY (75~pound samples)

puc/kg Potassiuwm
o Sample Zinc65 Zirconiu-95 Cesiun137 (gm/kg)
<" Beef Liver 50 30 180 2.8
Nanburger (lean ground
beef shoulder) 30 <6 200 2.3
-147-
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The fact that small amounts of Zn65 appear in cattle

should not be surprising. It is known that this radionuclide
is absorbed with high efficiency from the gastrointestinal
tract of cows (5); total urinary and fecal excretion in the
first four days was about 25 per cent. Measurements at

this Laboratory (6) of Zn65 retention in people after oral
ingestion showed that most of the isotope is absorbed, and
retentionr ranged from 50 to 80 per cent (after correction for

physical decay) several months after ingestion. In the case

" m’“ " ae - Gy ames-=ofiie 5".."— o
L T ek ST el o e

of the very heavy fallout in the Marshall Islands following

the thermonuclear detonation of March 1954, Zn65 and C3137

were found (1) in the Rongelap residents in roughly equal

amounts (ranging up to 0.5 uc). Thus, large quantities of

Zn65 can be produced in bomb tests, and its entry into cattle

and people is to be expected. It will not be a surprise if .
more extensive measurements now or in the near future reveal

sutiﬁihlmunta in people.

4

The main point about the milk results is that the Zn%%

°é§§iﬁ§,}' about an order of wmagnitude or more below meat.

It wld be oted that the milk samples were obtained from
di!!lront pla:rs than the meat, which comes from the south-
voatcrn area (mainly Texas, Oklahoma, New Mexico, and Colorld

In addition, Zn " production may not be well correlated withr

forwation of fission products, since the forwer is the resul

1054b3b
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of neutron interaction with stable zinc in bomb parts and/or
the surroundings. Thus, it is possible that the milk received

jts radioactivity from fallout with a low 2085

ratio, while
the meat represents fallout with a high ratio.

Grazing animals ingest large amounts of radioactive
cerium, ruthenium, and zirconium as foliar contamination.
gastrointestinal absorption is appreciable only for Zr95 and
xbss, and retention is high (7) at least in rats. The liver
is a major organ of deposition. Expected levels in milk and
people would be much reduced because of the large discrimina-

tion factors that exist at each step up the food chain,
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Measurements on Irradiated Meat (M. A, Van Dilla and E. C.
Anderson, with R. A. Glass and H. Smith, Stanford Research
Institute)

Samples of beef irradiated with 12 wmegarads of 24-Mev
electrons on August 7, 1959, were measured with both Humco ]
and the sodium iodide gamma ray spectrometer at LASL. The
gamma ray spectrum of a typical sample is shown in Fig. 1.
The principal activity induced by the irradiation was Nazz,
produced at a concentration of about 2 x 10'14 curies pei
gram per megarad. The samples were also measured by H. May
at the Argonne National Laboratory and provide a cowparison
between the wethods (Table 1).

TABLE 1. RADIOCACTIVITY OF MEAT SAMPLES IRRADIATED WITH
12 MEGARADS OF 12-MEV ELECTRONICS

LASL Liquid
ANL Crystal LASL Crystal Scintillator

l 1054538 ~150-

Unirradiated Sample

Grams K/kg 3.35 2.54 2.31
spe cal37/g x 96 123 103

Irradiated s;-glou
puc ¥a33/g meat 0.29 0.26 —
0.21 0.17 ——
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Radiomctivity of Nevada Cattle (M. A. Van Dilla and Major G. .
Faruer, on assignment to the U.S.A.E.C.)

-

In July 1957, a project was started by the U. S. Atomic
Energy Commission to find out whether cattle raised in the
vicinity of the Nevada Test Site showed any radiation effectlﬁ;
or were ingesting appreciable amounts of fission products ¥
and depositing them in their tissues., At present, herds are J'
msintained at Delamar Valley, Caliente, Nevada, and at Kn011 :
Creek, Contact, Nevada, by the University of Nevada, and one .
at. the Nevada Test Site by the Atomic Epergy Commission. Fii‘j

animals-from each herd are being sacrificed twice a year

(May and November). Rumen, fecal, and tissue samples are

'

anllyzediby gamma ray spectrometric methods by the Low-Level
Cdﬁntiné:Section. Tissue samples currently analyzed here =
are muscle, liver, and bone.

The present arrangoneht, which represents a consider-

- 4

able improvewent, is that these samples are ashed at the o
University of Nevada by Dr, Vorlc»Bdihiﬁi-plcked in staudardi
polyethylene containers, and then shipped to LASL. This
notigé considerably simplifies sample handling and calibra-
tio;!$§6blonn, and also increases sensitivity nubltlntillly.x 
Table 1 gives the results on liver and suscle sauples |
from three animals of the NTS herd sacriftced May 1958. It

137

should be noted that the Cs contest is comparable with
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is

ordinary commercial beef. Humco I measurement of commercial
beef loin and rump in 1958 gave 50 upc/g K, and analysis of
hamburger samples in 1959 for the Stanford Research Institu
gave about 100 ppuc/g K. Thus, proximity to atomic bomb tes

had little or no effect on the 03137

content of these anima

Note that Zn is present in all of the 1959 samples in

amounts one-half to one-third of the Cs137. Figures 1 and 2
show gamma ray spectra of pooled muscle samples frow animals
sacrificed in May 1958 and 1959, respectively. z:lnc65 was
not present in the May 19358 samples, but was present un-
questionably in 1959. It made its first appearance in the

November 1958 samples.
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B,digtion Dose Rates above the Atmosphere (M. A. Van Dilla,

;’Tzvnarkinl, J. D. Perrings, and R. D. Hiebert, Group P-1)

Introduction

In the spring of 1959, the Low-Level Counting Section
was asked to cooperate with the Research Directorate of the
Air Force Special Weapons Center at Kirtland Air Force Base,
jp an effort to weasure biological dose rates in the Van Allen
radiation belts. Our aid was desired in designing and build-
ing the radiation detector. Power supplies, telemetering,
vehicle launching, etc., would be handled by Kirtland Air
Force Base and other agencies. Decision was made to use a
tissue-equivalent ion chamber, since this system seemed most
suited to measure the poorly understood wmixture of protons,
electrons, and bremsstrahlung in the trapped radiation belts.
Initially, the vehicle envisioned was the solid-propellant
Journeyman rocket to be launched from Wallop's Island, Virginia.
The expected altitude was 2000 miles, and the magnetic latitude
was such that penetration of the region between the inner belt

and the horns of the outer belt would occur. The shot would

be an altitude probe with no recovery of the payload anticipated.

However, engine difficulties caused delay until spring 1960.
Arrangements are now underway to place the equipment on

8 Discoverer satellite. This program has as its objective a

-157-
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recoverable capsule from a vehicle in a polar orbit at a
couple of hundred miles altitude. The present (December 19
- status of the vehicle problem is as follows: we hope for
- rides on Discoverers early in 1960 and on Journeymen later

f in 1960.

y Results and Discussion E

-
4

Developwent of the ion chamber has proceeded on schedul

i : and in September 1939 the first unit was completed, tested,
o and calibrated. The ion chamber covers the range 0.01 to

i‘ ,.i 100 r/hour; response is logarithmic with a maximum time

-

constant of about 10 seconds. The dose range was selected :
‘ the following basis. Maximum dose rates estimated by Van ‘
E ! | Allen and others in the heart of the inner belt are roughly .
- }4 100 r/hour. Minimum dose rates below the Van Allen belts

j f.. and above the atmosphere at mid-latitudes are roughly

f" 0.001 r/hour and are due to cosmic rays. Since the lower
dose rates are of little biological significance, it was de

A
cided to cover the upper range. Four decades seemed practid

for a logarithmic instrument (a linear response plus range

switching was ruled out because of mechanical complica-
tions).

Construction details of the chamber and electronics

shown in PFig. 1. The unit is made of Lucite, with a gas

-138- . o
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Fig. 1. Ion chamber for dose rate measurement in space.
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volume of about 250 cc. The filling gas is air at essential
atmospheric pressure. The wall thickness of 1/4 in. will ex:
clude all protons softer than 25 Mev and all electrons softer
than 1 Mev.

Lucite (csnboz) was chosen because it resembles soft
tissue insofar as the dose delivered by gamma rays, high en
electrons, and protons is concerned, and because it is a con-"
venient and frequently used material for ion chamber construc
tion. It has a density of 1.2 and consists of carbon (60 poi
cent), oxygen (32 per cent), and hydrogen (8 per cent). Soft
tissue has similar density and is composed mainly of the sa H;
elements. The only difference is that the carbon-oxygen raii
is higher in Lucite, but this has negligible effect on oncrgj
dissipation and dose delivered by gawma rays and high energy-
electrons and protons. (This is not true for slow neutron-,g
but they are present to a negligible extent.)

The bottom half of the unit contains the electrometer
tube, transistorized amplifier, and voltage regulator circuit
The output is O to 5 volts and drives the telemeter equip
in the vehicle. TFor the Discoverer shot, polarising voltage
across the chamber electrodes of 150 volts is supplied by a
separate battery dbox containing five 30-volt hearing aid
batteries.* VWhen irradiated at a dose rate of 100 r/hr (CO“*

*Ever-Ready No. 3507. 1
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t saturation occurs at 100 volts.

curt.ll
The first two units were subjected to and successfully

p;ssod rigid environmental teqts specified by Kirtland Air
gorce Base. When temperature tested from 40 to 80°F under
jrradiation, no detectable change in ion current occurred.
yhen temperature tested from 80 to 140°F under irradiation,
s 6 per cent change in response (in r/hour) was observed.
The ion chamber was vacuum teated in a bell jar with source
strapped to it; the pressure was reduced to about 0.05 at-
sosphere and held there for two hours with no ion current

' change. This test was repeated after chilling the chamber

- to 40°F; still no current change was observed. The unit was

si'geceleration tested at Kirtland Air Force Base up to 100 g
under irradiation. Acceleration had no effect on ion current.
vibration tests at 30 to 2000 cycles per second were per-
formed under irradiation, and no effect on ion current was
produced,

From the viewpoint of radiation hazards in space, the
important physical quantities are radiation dose rate and
linear energy tramsfer (LET) to both superficial and deep
tissues. The present instrument will give the dose rate to

the wore superficial tissues. By increasing wall thickness,

one can find out how the dose rate to the deeper tissues

changes.

-181-
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The ion chamber gives no information as to the fraction
of the dose due to protons, electrons, and bremsstrahlung |
and is insensitive to differences in LET among these radia-
tions. Not a great deal is known about the composition and
energy spectra of the radiation in the two Van Allen belts,
so it was judged advisable to concentrate attention on the

dose rate itself.

——— -
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studies of the Feasibility of Designing a Lunar Gamma Ray
spectrometer (M. A, Van Dilla and E, C. Anderson)

Introduction

Approximately 18 months ago the Low-Level Counting Sec-
tion was approached by Professor J. R. Arnold of the University

i ﬂ

of California at La Jolla regarding collaboration on a study
of the feasibility of measuring the gamma ray emission of the
lunar surface from a close lunar satellite. The request was
made because of the Section's controlled low background
counting facility and experience with low-level gamma ray

“-i;spoctro-otry. Agreement was that the Section's staff would

- participate in experimental design of the detector, prelim-
;é,in&ry laboratory measurements, and analysis and interpreta-
tion of the final data. All building and packaging of the
instrument would be done by industry on contract with the
‘“‘ﬂational Aeronautics and Space Administration. Installation
'-fin the vehicle and all telemetering operations would be the
responsibility of the Jet Propulsion Laboratory. At present,
the most likely rocket system for the experiment seems to be
&2 Centaur in 1963, but a simplified preliminary experiment
say be possible sooner. The purpose of the experiment is to

provide information relevant to the composition and geologic

history of the moon and to the radiation intensity at its

-163-
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surface. During the past report period, sowe preliminary
measurements of gammea activities of certain meteorite types
and terrestrial minerals have been made and theoretical T;f

considerations initiated.

Results and Discussion

Theoretical predictions of concentrations of both natural
and cosmic ray induced radioactivity have been made by Arnolé,
and the resulting gamums ray spectrus as seen by a 3 x 3 in, -
Nal crystal has been cilculated by Harvey Israel of Group 3;57
The results for the "thin source" approximation are shown 1n -
Figs. 1 and 2. Fros the point of view of theories of Iunar f?
formation, the !’o line at 1.45 Mev is of greatest intefost.:‘
As a radiation hazard, the prominent series of neutrom capt }E

w

gamma rays in iron (4 to 8 lov) must be evaluated. ‘?

! Py

Using the results for backzround in free space of a thr-
crystal aboard the Russian rocket Mechta (1), it is estimated
that the total background rate between 0.45 and 4.5 Mev would
be about 5 times the total gamma ray signal from the -oonifi_g
the sawe band, assuming the satellite to be close enough to |
the moon to give 25 per cent geometry (orbital distance 1350 v
above the lunar surface). Since this background is presumabl

continuous, the gamma lines from the moon should ‘have a more
favorable ratio. Since the cosmic ray background in this ]
energy region is probably due principally to local gamma
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production, its magnitude will depend on the total mass of
.,g.rial near the detector. If necessary, this background
could be reduced by extending the detector away from the
,;tollito on & long boom.

The preceding spectra represent one of the least radio-
active possibilities for the lunar surface (namely, a composi-
tion similar to that of chondritic meteorites). If extemnsive
selting and recrystallization have occurred on the moon, then
it say resemble the earth to the extent of having a surface
santle which is enriched in the natural radioactivities.

Using the 8 x 4-in, Nal crystal spectrometer, measurements

bave been made of gamma ray activities of a number of mate-.
rials which might be present on the lunar surface, including
typical terrestrial igneous rocks such as dunites, gabbros,
diorites, granites, and syenites, as well as several varieties
of weteorites. Figures 3 and 4 show for comparison the spectra
of a terrestrial biotite granite and a chondritic (stone)

meteorite., Note that the x‘°

concentrations differ by a
factor of about 100. Radium and thorium are prominent in the
granite, but undetectable in the weteorite. Because of the

large difference in x‘°

levels, even a comparatively crude
experiment way distinguish between the alternative '"hot" and

"cold" models of lunar formation.

REFERENCE

(1) 8. N. Vernov, A, E. Chudakov, P, V. Vakulov, and I, U,
Ilogachev, Dokl. Acad. Nauk. S.S.S.R. 125, 304 (1959).
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Developwent of Large Voluwe Liquid Scintillation Detoctofl_

(R. L. Schuch, J, D. Perrings, and E. C. Anderson)

— ae e emm

Introduction

P

0

A wajor project of the Low-Level Counting Section has -
been to explore the limitations and capabilities of large |
volume liquid scintillation detectors. The first 47 whole
body counter built on this principle was Humco I (1), which
has been in operation since July 1955, The second counter ﬁ*s

photomultiplier tubes and a 6-in. liquid depth (2). This .=

R

unit was displayed at the Second Geneva Conference on Pesace-

ful Uses of Atomic Energy and is now in service at the U. s;f
Arsy Medical Research Unit in Landstuhl, Germany. On the fg
basis of the very successful performance of the 27 countof; i
the decision was made to design and build an improved 47

unit (Humco II1).

-

Humco. II uses 24, l14-in. diameter photomultiplier tuboiﬂ
1

(DuMont K-1328) to maximize light collection efficiency.

Scintillator thickness has been incressed to 12 in, to &

counting efficiency, it is hbpod without worsening energy
resolution. The counter tank holds 415 gallons of ncintil-iﬂ
lator (about 3600 pounds). An artist's drawing of the couat
is shown in Pig. 1. TFigure 3 is a photograph of the tank

=170~
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pefore painting and Fig. 3 a photograph during installation
of the phototubes. The method of sealing the tube faces to
the tank was the same as that used for Genco. A steel ring
with an O-ring groove was cemented to the metal flange of
the phototube envelope with an epoxide resin. The ring was
then carefully attached to a machined surface on the tank

gith 16 studs.

Results and Discussion

Humco II was first operated on August 28, 1938, using a
scintillation solution consisting of 5 g/1 PPO and 0.05 g/1
POPOP in ScinSol I (a highly alkalated benzene available from
the Borden Company -- see Organic Chemistry Section's report).
The first subject was measured in the counter with this filling
on September 8, After checking background and standards, the
counter was refilled with toluene (4 g/1 terphenyl plus
0.05 g/1 POPOP) on October 9. A number of minor leaks due
to hairline cracks in the epoxide seals around the photo-
tubes occurred during this period.

Tests of counter performance were repeated with the
toluene filling. Figure 4 shows the differential background
sSpectra obtained with the Geneva counter and with the two
fillings of Humco II1. The rapidly rising portions at the

1gft ends of each of the curves are due to tube noise (as

=173~

105Lbb ! LANL




.3
B

e o

o —rﬁ.«&‘.ﬁ"’m ——— e

——

1054bb?2 ‘



S

BACKGROUND RATE IN COUNTS MIN'Mev"

E

Toud =

10

0t

HUMCO I
(SCIN-SOL)

0.0l

1056b03

0.l 1.0
ENERGY IN Mev

Fig. 4., Background spectra of Genco and Humco II.
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can be demonstrated by a measurement with no solution in the
counter). The intersections of these curves with the nearly
linear portions of the spectra between 0.1 and 1.0 Mev set
lower bounds to the energy ranges of the systems (unless
coincidence operation is used). The greater the amount of
scintillation light reaching the photocathodes, the lower
the energy at which the tube noise interference beginas. For
Genco, this point is about 70 kev. Humco II with toluene
gives a similar value, but with ScinSol I the value is 400 kev,
Further study is being made by the Organic Chemistry Section
of this and other nonvolatile solvents to find one that
combines low flash point, low cost, and high light output.

A 70-kev lower limit covers essentially all the useful range
of a low Z scintillation and in particular permits brems-
strahlung counting. A higher cutoff sericusly limits the
versatility of the detector.

Figure 5 shows the differential enmergy spectra of C3137,

40

65, and K

Zn as determined with the toluene filling. The
resolutions (full-widths at half-heights) are 65, 57, and

42 yn:&:rnt, respectively; a variation nearly proportional to
J-if-3,l0~po‘k pulse heights are accurately proportional to |
the saximum Compton energy, giving enmergy calibrations of
28.9, 26.8, and 29.0 kev/v, and indicating that there is

comparatively 1ittle multiple scattering even with the 12-ina.

-176-
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and K4 can be

thickness of scintillator. Note that Zn
resolved, a matter of some importance since the forumer I B
) nuclide is beginning to appear in foods and in people from k-2
certain areas,
On October 16, the tank was drained to permit repair of
a leaking resin seal, and a cracked photomultiplier face was
discovered. Subsequent measurements revealed that the
machined surfaces of the tank against which the O-ring was
made were seriously warped so that strains were being
developed in the wetal rings and transmitted to the glass.
The counter is, therefore, shut down pending rectification
of this difficulty.
Transistorized electronic circuits developed by the LASL
‘i- electronics group for Humco II include direct transfer of .

output data to IBM punched cards. Testing of this equipwent
: will be begun as soon as the counter is operational.

REFERENCES

(1) E. C. Anderson, R, L. Schuch, J. D. Perrings, and ¥. H.
%an.h:-, Los Alamos Scientific Laboratory Report LA-1717
19588) .

(2) E. C. Anderson, F. N, Hayes, and R. D. Hiebert,
t Nucleonics 16(8), 106 (1938).
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Developwent of a Liquid Scintillation Counter for Smwall
Animal Studies (R. L. Schuch)

Introduction

In 1953, a whole body small animal counter (LASAC I)
was constructed on the liquid scintillation principle. The
unit consisted of a well type arrangement in which the
animal was placed in the center, surrounded by an annular
space filled with scintillator solution viewed by six 2-in.
photomultiplier tubes (1). The counter has proved extremely
useful not only for wmetabolic studies of gamma emitting
%gotopol in rats and mice, but also for measuring the relative
“iévol of 1131, etc., in the circulating blood of people as
.a function of time. In the latter case, the individual's

forears and hand were placed in the well and the output from
the counter fed into a rate meter and recorder. The utility
of this unit has prompted studies to develop an improved
wodel.

Results and Discussion

Further information was obtained on the relative count-
ing efficiency for a point source and live mice at various
positions along the central axis of the counter. The results
obtained varied little frowm the calculated geowetrical end

-
Yoss.
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As a result of the information obtained, a final design:
(LASAC 11I) is now under construction. The maximum length
of the new detector will be 12 in., and the diameter of tho»

well and number of photomultipliers will remain the sawe.
The photomultiplier tubes will be mounted directly into the
liquid. T7This should improve light output 10 to 20 per cent,
and the natural background should be reduced by an order of
magnitude due to over-all reduction in size. The counter isg;
designed with both ends of the counting well open to
accommodate a larger nuwber of experiments.

Preliminary tests have been completed on a prototype Qf
a more efficient and compact counter (LASAC II). This-unit—;
consists of a tank 12-1/2 in. in diameter and 12 in. long é~
with seven 3-in. diameter Duliont photomultiplier tubes fittoq
on one end. A central counting well 4-1/4 in, in dit-otorag
is surrounded by an annular ring of scintillator solution
4 in. thick (Fig. 1). The photomultiplier tubes are couplo(-
to an interface of window glass disks and are held in placi;
by molded RTV 501 silastic.

Photomultiplier tubes were individually balincod for
pulse height output and their signal outputs were connected
in parallel (Fig. 2). The tank is filled with 15 liters of
scintillator solution containing 4 g/1 terphenyl plus
0.0 g/1 POPOP in toluene. The signal output is fed into a

=180~
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"ig. 1. The Los Alamos Swmall Animal Counter (LASAC I1).
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100-channel analyzer. Spectra were run on sources of Coso,

Cq1;7, C01‘4, and Cr51 centrally located in the counter well.

137 source (wvhich was the isotope

The data obtained with a Cs
.A-igthorouzhly studied) are summarized in Table 1, and these

.r.,goupared with the same measurements made on LASAC I,

1mg§g 1. COMPARISON OF Cs!37 MEASUREMENTS MADE ON T¥O MODELS
e OF A SMALL ANIMAL LIQUID SCINTILLATION COUNTER

o Lower Limit (kev)
e Counting
Model Isotope Signal/Noise Efficiency EY Compton Edge

137 4 0.53 400 133
11 csid? 9.3 0.40 150 52

REFERENCE

(1) K. T. Woodward, C. R. Richmond, and ¥W. Langham, Proceed-
ings of the Health Physics Society, p. 79 (1956).
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Feasibility Studies of an Adjustable Plastic Scintillator
Counting System (M. A, Van Dilla and R. L. Schuch)

Introduction

A scintillation counter consisting of a flexible syst
of individual cylinders of plastic scintillator has been
The primary purpose of this work was to develop a sensitive
gamma ray detector with an adjustable arrangement and sanpls{
size capable of obtaining maximum energy sensitivity and
resolution from a plastic scintillator system. Some pbton:ﬁ
tial applications of such a unit way be metabolic studies 4
of gamma emitting isotopes in animals, measurement of rate |
:

of buildup of verv low levels of activity on adsorption nn§

»

purification columns, measurement of rate of flow of very _ |
=
S

low apecific activity solutions through piping systems, T

uniformity of radioactively impregnated films, etc.

Construction

Cylinders of a commercial plastic scintillator* were

selected for initial experiwents for several reasons: high;

quality and availability, ease with which photomultipliers

could be coupled to the end faces, and siwmplicity of unit

*Pilot Chemicals, Inc., Watertown, lMass.
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construction. Each unit consisted of a 3-in. diameter
cylinder 12 in. in length with a 3-in. photomultiplier tube
fitted on one or both ends. The cylinders were wrapped
jndividually with aluminum foil for reflectance and with
black masking tape for light exclusion. The over-all length
of a two-tube unit (frequently referred to as a "log") was
28 in. A single-tube unit measured 20 in. in length. 1In
the case of the two-tube log, the photowmultipliers had to
bo%c#rofully balanced for pulse height output. As many logs
as required can be arranged into a multiple unit around the
sg,ple and the outputs fed in parallel into a suitable

é,,
“‘gctronic system for amplifying and recording pulses.

Observations and Discussion

Preliminary wmeasurements were made with a msultiple-unit
of five two-tube logs fitted around a wetal cylinder 4-1/4 in.
in diameter (Fig. 1). Tube balancing and response of each
log to a given energy peak were accomplished through use of
a high voltage distribution panel and a wmultichannel analyzer.
The output of each log was fed to the input of the analyzer,
and by proper adjustment of the high voltage to each tube
the pulse heights could be matched very accurately. The
pulse height is increased by a factor of about 2, when both

tubes view the scintillator together (Fig. 2). A 05137

[
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Fig. 1. Five-un:t log rol. with bigh voltage distributio
panel.
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g (gamma ray energy 0.667 Mev) was centrally located
albnc the axis of the arrangement., This gave a counting--

efficiency of 20 per cent, with the lower gate set at 100
Half-resolution with the five-unit system was 26 per cent,

] Further studies were carried out to determine the
combination of log length, optical coupling, light reflectc
etc., thlt would yield the highest efficiency and sensitivig
for & given gamma ray energy. ‘Individuzl experiments were
nade with logs of 9-in., and 12-in. units and with one-~ and
twﬂotﬁultiplior tubes viewing the log. When only ome
tube was used, the opposite face of the log was covcrodg
with‘:umhu- foil to improve light collection. In order t
'stuﬁ u!foct of counting efficiency versus cylinder length,
u ponc‘uasmco of Cl131 gamma rays normtl to the axis of
log 'd placed at various distances from the photomultiplie
t“""’#’ Vuy little effect was oﬁtmod uth the 9-in. unit“
-and: on*;& 4 per cent loss was noted uth the lonrco on the-
oxmud of the 12-in. cylinder. Some of tho- plastic
'cyn.de. were made of two pieces bondod togotllnr. These

i showed a greater variation in puhc h.ight when comp
_lnud cast log. ~

" Iuvntintion- were carried out to determine the lower

limit of gauma ray energy that might be measured with one-
and two-photomultipliers. Studies included units 9 in. and

«188-
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13 in. in length. Bonded pieces were compared to solid

cast, first individually, and finally in combination as a
gife-log multiple unit. The best results were obtained with
the 9-in. cylinders. In all cases, two tubes were better
ihil one. These conclusions applied also when signal to
poise ratios and half-width resolutions of the various
combinations were used as criteria (Table 1).

;é* Energy Resolution.--Energy resolution is limited in

organic scintillators by the broad peak resulting from

Compton interactions in the low atomic number constituents.

ith the best tube-log cowbination (Table 1, 9-in. long,

;ube unit), a half-width resolution of 15.3 per cent was

i 137

obtained for Cs gamma rays (Fig. 3).

e

Effect of Light Reflectors.--In terms of total reflec-

t;;{ty, it is well known that a diffuse reflector (e.g.,
Q?ygnacnesiul oxide powder) is superior to a specular reflec-
é?f such as metal foil. A reflector test chamber was con-
i%}ucted to study the effect of various reflectors in the

log unit geowmetry. The chamber was a light-tight aluminum
cylinder with spacers, caps, and plugs to accommodate the
various combinations of logs and reflectors. A photomultiplier
tube was coupled to the plastic log and placed into the test
chamber. For specular reflectance tests, aluminum foil was

#fitted around the plastic cylinder., When magnesium oxide
¥

-189~
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was used, the powder was poured and tamped in the annular

space between the log and chamber wall. A comparison of

light reflectors is shown in Table 2. Fifty per cent of the

total gain in light collection is accomplished by placing

the reflector on the end opposite the tube. A complete

surface of magnesium oxide increased the pulse height by

68 per cent, and in all cases was 10 to 15 per cent better

than aluminum foil.

Tlﬁnl 3. EFFEICT OF VARIOUS RRFLECTOR ARRANGEMENTS ON PULSR
HEIGHT OF PLASTIC SCINTILIATOR CYLINDER (12 in,

long x 3 in. diameter, one 3-in. photomultiplie
Vrtubo) :

Pulse Height Ratio to no Reflecto
Same Scintillator '

Reflector End Only End and Sides Ratio, E + 8§

Plastic Scintillator®’

Al foil 1.18 1.43 1.21
MgO 1.32 1.68 1,27
Liquid Scintillator (P =
Al foil inside 1.16 0.80 0.68
Al foil outside 1.28 1.80 1.41
MgO outside 1.32 2.00 1.52

(®)pi10t Chemicals, Inc., Watertown, Mass. Scintillator “B."

(::ro:r g/1 terphenyl plus 0.05 g/1 a-NOPON in isopropylbi-
phenyl.
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Comparison of Plastic and Liquid.--Similar tests with a

cylinder filled with liquid scintillator were made, but
direct comparisons of the two systems could not be accomplished
because of dissimilar reflector surface application. An optimum
liquid system, however, should produce the same result as the
best plastic combination. The liquid cylinder consisted of
a hollow Lucite tube filled with a solution of 4 g/1 terphenyl
plus 0.05 g/1 a-NOPON in monoisopropylbiphenyl. The photo-
sultiplier tube dipped directly into the liquid and fitted
into the test chamber. Magnesium oxide and aluminum foil were
placed on the inside of the cylinder for comparison. Again,

¢ magnesium oxide increased the output by a factor of 2.
Since the walls of the Lucite container were much poorer than
the surface of the plastic for total internal reflection,
there was a greater difference in pulse heights with the
reflector at the end only, and end plus sides., With the
aluminum inside the Lucite cylinder, directly in the liquid,
a greater light 10;: was noted. The Lucite, although a poor
internal reflector, was 20 per cent better than the foil
specular reflector. The results are summarized in Table 2.

Optical Coupling.--Optical coupling between the photo-

multiplier tubes and the end of the plastic cylinder was made
by applying a highly transparent film of petrolatum or silicon
0il to the end of the plastic. There was little difference

tween plain white petrolatum and the more exotic silicon

-193~
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materials. In a liquid system, it may prove wmore practical:

to use a window interface.

Disks of quartz, window glasa,

and Pyrex 1/8 in. thick were cut to fit over the 3-in.

diameter face of a plastic cylinder. The disks were coup

to the plastic and to the photomultiplier tube with petro
c'137

tum, and the pulse height output (from a source) of ey

was measured. The greatest variation noted was a 33 per cen

4

reduction when Pyrex was used as the interface. Quartz andhr

window glass, in turn, reduced the pulse height only about

1

10 per cent. A summary of studies with different optical

couplings is shown in Fig. 4.

v-
LY

Conclusions -

A counting system based on the principle of individual -
cylinders of plastic scintillator can be arranged in a vurigf
of goouctrioc, depending on the requirements of the user,
Except for the shielding problem, such systems are relative
easy to design and qonstruct. With i twvo-tube system, the
lower limit of measurement is reduced to 100 kev gamma ray
on.:!y; lower levels may be obtaino& by proper selection of _
photﬁlhltiplior tubes. The absolute counting efficiency for
C-IST“(GGT kev gamma rays) with & 3-in. dii-otor, 9-4in. lonq :
cylinder is about 34 per cent. That is fo say, that 34 per 4
cent of tﬁ. cesium gamma rays entering the plastic scintillatqg

are counted, disregarding geometrical and end losses. .
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N CHAPTER 4

ORGANIC CHEMISTRY SECTION

wﬁ%‘ in Lemongrass Oil (F. N. Bayi-, E. Hansbury, and

p. L. ¥illiams)

Lge

L Introduction

}ﬁb program on contemporary cl4 began as a test on the
ult}uét‘e stability, sensitivity, and precision of the present
stafqo"of the art of liquid scintillation counting and took
on ;ddid significance from large-scale nuclear weapons test-

14 to man and the useful data

1;13 }n?a\uo of the hazard of C
of a ."l;toorological and geochemical nature which might result.
Lelo&ruu oil is a natural terpene wixture which, by chemical
conversion to p-cymene, can be incorporated into a 90-al
liquid scintillation counting volume and contribute 70 g of
cirba;. Lemongrass is commercially cultivated between the
latit\ic;os of 30°S and 25°N and is fast growing and frequently
harvested.

.
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Results and Discussion

Twenty-eight samples harvested between August 1955 and
June 1959 have been counted and the results, corrected for
fractionation, are shown in Fig. 1. The activity increases
are grossly linear with a sharp break upward (tb) at about
June 1958. The two hemispheres have different slopes and
intercepts. At t (January 1954), the time at the start of
the activity rise above the prebomb level, the southern hems
isphere extrapolates to be 2 per cemt richer in cl*. The
time of cross-over for the two hemispheres is October 1936,
As of June 1959, the lemongrass data show the hemisphere
increases to be 26,8 per cent in the north and 19.7 per cent
in the south. As of this time, the average tropospheric coi

a7 atoems of bomb Cl‘.

Cav ™«
3 T

tent was 7.3 x 10

An extremely simple three compartment model with ex-

u o

R

-~ .

Bk

B |
133
Wt
'y
R
P )

)
- »

ponential mechaniss of transfer allowed frow compartwent one
to two and from two to three has been applied to the expOrI'
wmental northern hemisphere lemongrass data. The compartmen
are stratosphere, into which the cl‘ is origintllyiinjoctii;
troposphere, in which we are making activity measurements;
and ocean, into which most of the activity will ovontunllf_
Two mean residence tiwes, 7 1’ for stratosphere, and 7., t'
troposphere, are in the equation for the wodel, and the cal-

culation has used 7 years for Tq and 1.5, 5, and 10 years
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{for Ty Predictions into the near future with this wmodel

show peak activities and times varying with r,. The value
are: for Ty ™ 10 years, the maximum increase in activity’
will be 56 per cent in September 1965; for T, "™ 5 years,
44 per cent in May 1963; and for T, ™ 1.5 years, 31 per
cent in November 1960. This model also gives numbers for

total stratospheric injections for the three values of T1e
28

These are: for Ty " 10 years, injection = 5.9 x 10 atoms
of 014; T, " 5 years, 3.4 x 1028; and Ty 1.5 years,
1.6 x 1028, e

This program will continue at the rate of about 12

samples per year to provide data on the continuing rise,

14

the eventual peak, and the decrease in C” activity in thnj%%

biosphere as the ocean proceeds to absorb wost of this nnn§'<

made isotope. .

]
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,c‘ 14 Turpentine (V. N. Kerr, F. N. Hayes, and E. Hans~

bury, in cooperation with N. T. Mirov of the Departeent of
Agrioculture, Forestry Service, Berkeley, California)

e
fesel

inlufficiont dats have been collected to date for an
accurate picture of cl‘ in turpentine. Only 22 samples have
'boin'-olsurod. Four samples from the northern hemisphere,
vhtch;ycro collected in 1954, gave an average of 13.98 +
o.d&ié/nin/g of carbon., Nine samples collected in the south-
eastern part of the United States during the month of July
lviﬁihveraged 14.21 + 0.03 d/min/g of carbon.
“ﬁ?plot of the data through late 1958 shows that<tur-
iiig;ih’s have risen in activity at about the same rate as
iclsgéilss 0il; however, there was a delay approaching this
rst‘if%adinc to an eventual time scale displacement (in-
tdtfat;nz time) for turpentines on the order of one year,

Later samples should allow a more accurate assessment of

thiy%;;lue.
S
-203-
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Carbon!? in Citrus Fruit Oils (V. N. Kerr, F. N. Hayes,

E. Hansbury)

A program for measurement of C]'4

0ils was originally instituted to supplement measurements
taken from lemongrass oils and reported in the previous
papers. The data provided by the larger number of citrus
oils plus their wider geographical range serve as a basis
for & pattern of C14 distribution and at the same tiwme

~ point up anomalies in the pattern.

The data fros the 63 citrus oil samples measured to

date cover the period from late 1953 through the first ha

of 1959. The rate of increase of activity in these oils )
is parallel to that of the lemongrass samples. There is 4

displacement of the citrus oil values in time with regard

to the lemongrass values. This is wost probably due to tH

relatively longer growing period of the citrus fruits, wh
an averaging of activities is obtained by laying down of”
materials of different activity during the growth period
for the fruit. This apparent time difference between the-
lemongrass samples and the citrus oils is on the order of
three months.
One obvious incongruity was provided by samples

obtained from orange groves near Los Angeles. The much

lower values obtained from these samples are interpreted :

~204-
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Carbonl?® in 01d Essential Oils (F. N. Hayes, V. N. Kerr,
E. Hansbury, and D. L. Williaws)

A program to measure contemporary increases in Cl4

activity in the biosphere must look backward into the near
past to establish the level or trend in activity before the
spectacular change being wrought by large-scale nuclear |
weapon testing can be evaluated. Old essential oils have

been mseasured for Cl4

activity to establish their levels
prior to 1954,

Six oils dating from 1940 to 1953 (one lemongrass,
three citrus, and two gum turpemtine) have been counted,
and the resulting age- and fractionation-corrected cl‘
activities have been correlated with s 0.05 per cent per

year Suess effect decrease in activity to give the equatiomg

where A is d/min/g of carbon, and t is years after 1900. ° |
This equation and the equation of the best fit to the nortyé
hemisphere lemongrass data from August 1955 to January 1958 :
give a simultaneous solution for t = 54.3 (April 1954) and
A-= 14,00, )

The counting of camphor samples harvested during the

last 15 years gives an essentially constant activity: 2

-206-
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A = 14,37 + 0,04

Camphor is a very poor contemporary atumospheric sampler,
gsince the tree from which it is derived is many decades old
at time of harvest and has been storing camphor throughout
u.;l.:l!o. Some turpentines from pine stumps whose cutting
tuﬁ is established to have occurred many decades ago are
being collected. When counted, their data will represent
c“ activities before or in the early days of the era of
large-scale burning of fossil fuels,

:
i3
i

e
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Coantemporary C14 in the Zoosphere (V. N. Kerr. E. Hansbury, !
and F. N, Hayes)

This is a new program and as such very little beyondr:df
the development of technique has transpired. Since there -
are no plants of marine origin which yield products capables:
of being used. for cl‘ assay with the same facility as the °
essential oils, marine animal products have been inves-
tigated as a source of samples. Spermacettt wax from wiml
seeus to be the best choice for assay at present. ;

In addition to the marine animal data, there will be
some from land animals and husans, Two techniques are
being developed: one is the assay of cholesterol dissolved
in a standard counting solution, and the other involves the
synthesis of a "live" solvent froms "dead” benzene and iso-

propyl iodide obtained from glycercl (a component of fat).

105656453

00131487.206



>

Liquid Scintillation Solutes (F. N. Hayes, E. Hansbury, V. N.
Kerr, and D. G, Ott)

The scintillator testing program, which to date has
evaluated over 500 compounds as scintillation solutes, is
continuing in cooperation with G. Daub of the University of
New Mexico and his graduate students who carry out scintilla-
tion absorption and fluorescence studies with the facilities
in H-4. A study of phenanthrene derivatives has been com-
pleted in the dissertation of S. P. Birkeland (1), who found
seven new solutes more efficient than PPO (our standard),
tvo of which matched the performance of our best solute PBD.
dne of these new compounds, 5,7-d1hydro-3,9-d1phony1d1benz[9,.]
oxepin (D-52), is finding application as the short wave length
emitter in a two-scintillator detector under development by
F. Reines at the Case Institute of Technology. Special
naphthalene derivatives and stilbene analogs are now being
studied,

There has been no solute in all the testing program with
& maximum relative pulse height (RPH) greater than 1.28.

We have received a private communication in manuscipt form
from G. Herrmann, Johannes Guteanberg Universit:t, Mainz,
Germany, in which he reports two new solutes with maximum
RPH >1.45., These were evaluated in a system and with a

standard supposedly identical to ours. We received samples

-209-
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Shese two solutes frow him and found both to have maxi--

-

sum RPH = 1.18. This discrepancy is being further inves-
tigated both here and in the German laboratory.

Shimanskaya, et al (2) have reported that a new solute,.
2-(lfbigpppy;yll-5-(l-naphthyl)-1,3,4-oxadiazole, is 20 pem-
cgnt q.ggcr than our best solute (thus its RPH should be
about_1.54). ¥We have synthesized the Russian compound and
find that its saximus RPH is 1.13.

REFERENCES

(1), S. P. Birkeland, University of New Mexico Report,
-* wLiquid Scintillators: Some Aryl Substituted )
Phenanthrenes and Dihydrophenanthrenes, and Related
p=Terphenyls and p-Quaterphenyls™ (1939).

‘¢#¥* N.°F. Shimanskaya, A. P. Kilimov, and A. P. Grekov,
Optika 1 Spektroskopiya 6, 194 (1959) .
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New Liguid Scintillators for Large Volume Applications
(v. N. Kerr, F. N, Hayes, D, G. Ott, and R, L. Schuch)

The very large volume (~400 gallons) of Humco 11 (see
Chapter 3) made it necessary to look for new scintillator
solvents with the economy and transparency of toluene
(solvent in Humco 1), along with the high flash point of
triothylbénzeno (the solvent in Genco (1)). Solvent trans-
aissibility and relative pulse heights (RPH) of several
solvent, solute, scintillator combinations were wmeasured
using 12-liter volumes of scintillator solution. Table 1
“ows some of the results and additional information concern-
ing & few new solvents which indicate their possible useful-
ness as large volume scintillator fillings.

By the time of the next report, it is hoped not only to
have chosen a worthy scintillator for Humco II, but also to
have gained cdnsiderably more understanding as to the relative
importance of various scintillution’paraueters in affecting

the performance of a large volume scintillation detector,
REFERENCE

(1) E. C. Anderson, F. N, Hayes, and R. D, Hiebert,
Nucleonics 16(8), 106 (1958).
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Liquid Scintillation Counting of Tritium (D. G. Ott, F. N.
;;;Ol, and T, T. Trujillo)

Introduction

The 1iquid scintillation counting system which has been
jn routine use for several years, although quite satisfactory
for most tritium assays, has been known for some time to be
capable of considerable improvement. In the first place, it
is aesthetically desirable to be using the best possible
system available (within certain bounds of convenience and
econowics) and secondly, to have a system which is capable
¢ assaying tritium water samples whose activities are very
low (a few tiwes background)., Since these properties have
not been present, investigations were conducted to determine
the formula and properties of an improved solution whose

principal use would be for assaying one-ml water samples.

Results and Discussion

Concentration of the components of the dioxane system
were varied and the following formula was chosen: naphthalene,
125 g/1; PPO (recrystallized), 7.5 g/l1; POPOP, 0,375 g/1; and
dioxane.* Using 15 ml of solution, efficiencies for counting
tritium were about 10.8 per cent with 0.1 ml water; 9 per
cent with 1 ml water; and 4.5 per cent with 3 ml water, This

Zastman Kodak Company No. 2144,
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represented an improvement of about 50 per cent over the

LY

"0ld" solution. The Kimble 10-dram Opticlear Vial originalj

used has been replaced by the 20-ml screw-cap Wheaton Liquidl
Scintillation Spectroweter Vial. Background is about
35 c/min using 15 ml of scintillator solution,

Dioxane systems have been observed to exhibit the phen =
enon of chemiluminescence resulting in extremely high back-
ground of very short half-life. This effect is to be studie
in detail, but in practice it has been found to occur if tho;
sawple is basic and it can be eliminated by lowering the plgé

with a few microliters of concentrated hydrochloric acid.

o

.

With certain low activity samples containing quonchincf;

impurities, it is not possible to prepare a blank of identig
. characteristics for background determination. Following from

the previous demonstration for that background can bai“,ﬂg

related to counting efficiency, a similar relationship vill‘ig
be sought for tritium water counting. ‘

Further studies to be carried out very soon include 'Vij
development. of a more satisfactory internal standard tochnih'
the. problem of increased efficiency at low counting rates; j
deterwination and improvement (if necessary) of the roliabihi
ity, stability, and reproducibility of the entire counting. s
system, particularly for low activity samples. Limitation -

on the amount of tritium activity that can be administered to

-
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people in the course of diagnostic and physiological study
necessitates the development of more precise and rapid
techniques of low level tritium counting, if the potential

value of this isotope in such studies is to be realized.
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I;Y';ﬂtz.'
Cliwacal Systems for Liquid Scintillation Dosimetry (D, L.1

Williams and F. N. Hayes) '

Introduction

Liquid scintillator systems which are intended for use
in making radiation rate measurements sust be designed viti7
specific types of radiation in mind. For example, dependent
upon the source, the radiation may be: (a) gamsa rays only;
(b) fast neutrons only; or (c) a wixed field of gamma rays
plus fast and theraal neutrouns.

Any good hydrocarbon liquid scintillator can be cal- -
ibrated to measure dose rates in cases (a) and (b) above,
but the ideal system with two scintillators, one of which
specific for gassa rays and the other specific for fast
neutrons, does not appear attainable. However, a less 16011
system for measuring gamsa and fast neutron dose rates in &
mixed radiation field is possible. Since scintillator ri 1
to gamma rays is dependent upon electrons and response to
-iﬁ;% neutrons is dependent upon hydrogen atoms, a two-
?Eﬁigin.nt system is possible in which one scintillator (wit
W Eydrogen atoms) responds only to gamea rays and the ot '
responds to both gammsas and fast neutrons. Thus, with the
proper calibrations, the fast neutron rate is obtained as &

ealculated difference value,

10547103 -aie- o
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Results and Discussion

Of the organic compounds which do not contain hydrogen,
perfluoro- compbunds such as perfluorohexane, hexafluoro-
benzene, and perfluorotoluene looked most promising as liquid
scintillator solvents. Perfluorohexane was prepared but was
an extrewmely poor solvent for scintillator solutes. Per-
fluorotoluene has been obtained in small yield only as a by-
product. Consequently, hexafluorobeniene was prepared essen-
tially according to the procedure of Hellmann, et al (1),
and purified by the gas chromatographic technique.

Solutions of various solutes in hexafluorobenzene gave

slative currents (2) ranging up to 25 per cent of the 2,5-
diphenyloxazole-toluene standard. Based upon light output

and solubility, diphenyloxazole was the solute of choice but
its solution in C6F6 proved to be more subject to radiation
damage at high dose rates than were solutions of 9,10-diphenyl-
anthracene. Oxygen~free solutions of the latter solute in
hexafluorobenzene (2.25 g/1) were the least affected of those
investigated, and oxygen removal by saturating the solutions
with argon increased scintillation efficiency by 64 per cent.

Based upon relative current and oxygen quenching consid-
erations, a solution of 9,10-diphenylanthracene (3 g/1) in
pP-xylene was chosen for the neutron sensitive medium. Purging

« of this solution with argon raised the response to Co60

-217=-
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gamma rays by 67 per cent. As used in photodetectors for

measuring radiation rates, the ratio of response of the p-
xylene system to gamma rays and to fast neutrons was

4.6 to 1. VWith the accuracy of these measurements conside
1
to be + 5 per cent, the maximum ratio of ganmma to fast

peutron ratessat whick a significant neutron measurement lli
be made is about 4.3 to 1. |
It is eoq;idprgd highly desirable to increase the
response of the hydéocarbon system to fast neutrons. Liquid
scintillators are being prepared currently which inclpdo
elements such as gadoliniums and europium, with large fast

neutron cross sections. These elesents are made soluble v

their 2-ethylhexanocate salts.

REFERENCES

(1) M. Hellmann, E. Peters, W. J. Pumsmer, and L. A, Yall,
J. Au. Chem. Soc. 79, 5654 (1957). il

(2) B. 8. Regers, P. C. Sanders, R. L. Schuch, D. L. '111
and P. N. Hayes, Los AN ‘Safentific Laboratory Reg
LA-1639 (1983). g .
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Photodetectors for Liquid Scintillation Dosiwetry in the
rield (D. L. Williams, F, N. Hayes, and R. L. Schuch)

Dose rate devices are needed which are capable of meas-
uring the dose rate of each component of a mixed radiation
field in the vicinity of reactors and other large sources.

A specific example of such a need is the recent weasurement
of radiation dose rate from Kiwi-A, the first prototype of
a nuclear power unit for rocket propulsion. These devices
should be dose rate and energy independent over the applic-
able energy region., Other desirable features are small
size, mobility, and a winimum requirement for associated
electronic equipment.

To go with the system of "paired" liquid scintillator
detectors (described in a previous report), which had already
been developed to meet these requirements, it was necessary
to find suitable photodetectors in order to produce prac-
tical 1liquid scintillation dosimeters. A detector for high
dose rates was constructed from a cylindrical steel chamber
vith 20-sl volume, one end of which was a 1-1/8 in. diameter
selenium-barrier photovoltaic cell (Fig. 1). The inner
surface of the steel chamber was coated with an epoxy resin,
contaiginc apatase Tioz. The detector used, as described in
Los Alamos Scientific Laboratory Report LA-2375 (1), gave a

5

‘seful linear response from 6 to 1 x 10" rad/win of gamma

]
-219-

1054706 POH

i
4

00131487.21



U*J-UJWKJﬁﬁﬁﬁwﬁk5£§ﬁ

the cell is

i
k

4w 1o elgmaxs rltll

S T MRS 5 o . 2%
ol e Agel 8%

In final assembly,

R s'._.* L. &-"'393'; Ef‘%g“:‘
.3:nrux;ée pLaze
=3;: 02 wiv Agiw 0% O

b L TyRstY:,

Tee, ghem

2o,

cemented into chamber to make a llquid—tight seal.

Photovoltaic cell and 20-wl chamber.

1.

Fig.

00131487.218



excitation. Response of the unit (in a mixed radiation field)

£illed with diphenyloxazole-p-xylene scintillator is shown in
#g. 2, and its response with a diphenyloxazole~hexafluoro-
benzene £111ing is shown in Fig. 3. A detector for low dose
rates was like the above except that the cathode end of a

puMont 6467 photomultiplier was made to replace the photovoltaic

§011. This detector (1) was linear from 10 - to 10° rad/min.

The systems described are linear over an extremely wide

;snge and are capable of transuitting signal over long dis-

i

gancos. Simultaneous gamma and neutron rate measurements can
;’ made using pairs of detectors filled with the appropriate
g\quid scintillators. The basic limitations are: (a) the
1‘ocessity for preparation of the hexafluorobenzene solvent;

{b) the deterioration of all organic materials, as well as
photovoltaic cells over a period of time in higﬁ}radiation
fluxes; and (c) neutron energy dependence of the n?utron plus
?ip-a ray system. In the latter case, the problonifro- the
;ractical point of view may be overcome through proper calibra-
tion. Work on these systems with different scintillator fill-

ings and known radiation will continue.
REFERENCE

(1) DO Lo '1111‘.’, ,. n. my.’, R. L. SCh“Ch, n. L. cr.'-
ford, and R. D, Hiebert, Los Alamos Scientific Laboratory
Report LA-2375 (19359).
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Fig. 3. Respoase of photovoltaic cell detector to gamma
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Fig. 3. Response of photovoltaic cell detector to gamma

rays only in a mixed radiation tield.
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Construction of a Preparative-Scale Gas Chromstographic
( Column (D. L. Williaws)

A wobile preparative-scale gas chromatographic unit hag
been assembled (Fig. 1), which is capable of handling grams

i quantities of waterial. The sensing device is a thermal
conductivity cell which actuates a strip chart recorder. By
) seans of bridge current and sensitivity controls, a wide

range of detector sensitivity is available. Components

which amount to as little as 0.06 per cent of a l-gram sawple !
are detectable. The 2-in. x 10-ft. column in this unit is
quickly and easily interchangeable with others, thus offering

ready access to a variety of column packing saterials.

-2%24-

i FgSuiil

00131487.222



Fig. 1. Preparative-scale gas chromatographic assembly,
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Assembly of Spectrophotometric Facility (D. G. Ott)

All spectrophotometric instruments of the Group have
been centralized in a single instruments laboratory, which
allows more efficient and convenient use of the equipment
for obtaining physical properties and for qualitative and
quantitative analyses. Virtually all projects in the
Organic Chewistry Section (as well as some from other sec-
tions) have made increasing use of the facility. The in-
struments available are a Beckman DK-1 Recording Spectro-
photometer for the ultraviolet, visible, and near-infrared
(210 to 2850 mp); a Baird Recording Infrared_Spectro-
photometer for the infrared (2 to 16 u); and a recent addi-
tion, an Aminco-Bowman Spectrophotofluorometer, modified
for use with a Varian recorder, for fluorescence measurements
in the ultraviolet and visible regions. A set of Sadtler
Standard Spectra for the infrared and near-infrared is

.available.
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Labeling of Biologically Important Compounds with Radio-
active Isotopes (A. Murray)

The programs of the Biochemistry, Radiobiology, and
Radiopathology Sections have been supported by the synthesis
of the following labeled compounds, the figures in paren-
theses being specific activity of the radiochemically pure

compound (in mc/g) on . carrier-free basis:

(@) cl%_1soniazid (14.05).

(b) ,H3-N,N',N"-Tr1ethylenethiophosphoramide

(2,15, 5.66, and 6,92).
(c) Hs-Cholesterol (39.3).

(d) Hs-uevalonic acid as N,N'-~dibenzylethylene-
diamine salt (14.3).

(e) H3-1-[g-(B-diethylaninoethoxy)-phenylj-1-(3-
t01¥1)-2-(grchlorophenyl)ethanol (35.3 and
375).

(£) Ha-Pyridoxine hydrochloride (1.56 and 1,310).

€9 HB-Thymidine (395, 516, and 2,100).

(h) H3-Thymine (19,250).

1) B

-Deoxycytidine (8,640).
(i) H3-1-Acety1-2-isonicot1noy1 hya;azine (5.63).

(k) Dihydrolanosterol-zs,26-H§ (0.086) .

14
With F. Domer* we prepared the C -Hemicholinium compound
(a cholinesterase inhibitor): {4,4'-Biphenylenebis(z—oxo-

ethethylene)]bis[(Z-hydroxyethyl)dimethylammonium-ci4 bromide].

From the Department of Pharmacology, Tulane University School
of Medicine, New Orleans, Louisiana.
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In addition, the following labeled compounds are in the

process of being synthesized:

(8) 2,4,6-Trinitrotoluene-1-C'*.

(b) Dihydrolanostorol-zs,26-!3 (in high activity).

(c) Bz-Lnnostorol.
(d) ns—Linoloic Acid.
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Analytical and Separation Methods of Special Use in Multi-
site Destructive Labeling Methods (A. Murray)

Application of paper chromatography (employing 14 x 22 in.
sheets of Whatman No. 3 MM, No. 17, and seed test papers) has
been developed for separation and recovery of C14- or H3-
labeled components of a mixture of organic compounds up to
the level of 75 mg to 2 g per sheet, The method has proved
to be particularly effective in purification of tritium-
labeled products resulting from the gas;exposuro technique,
as well as those of extremely high activity formed by catalyt-
ic exchange in the presence of HTO (1300 c/4 ml). A simple
exposure to X-ray film, as thofdetecting system, replaces
the need for counting and analyzing the hundreds of aliquots'
of eluate collected by the usual preparative coluamn chromat-
ography wethods. Another detector applicable to ultraviolet-
absorbing materials is the ultraviolet scanner camera (1).

A simple fluorescent intensification screen has been developed
to extend its usefulness.

The large paper method has been applied to isolation from
human urine of 014-etabolite- of the drug isoniazid in amounts
sufficient to permit identification through their physical
properties,

A study of the transformation brought about in aqueous

thymidine solution under conditions of radiolysis indicates

-229~
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that the products are not those of simple hydrolysis to

| thymine and deoxyribose. It is hoped that these separative
' methods will prove of value in establishing their identity,

REFERENCE

(1) N. A, Drake, ¥. J. Haines, R. E, Knouff, and E. D,
Nielson, Anal. Chem, 28, 2036 (1956) .
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CHAPTER 5 E 3
.

RADIOBIOLOGY SECTION

Heritability of Radiation Damage in Mice (J. F. §gglding and
v. G. Strang ’

e

Introduction

——

There is increasing evidence that many nut:tggps may
have slight dominant deleterious-sffects, which might cul-
winate in a greater population dawage than the 1;%%31 effects
of homozygous wutations (1). The study described here was
_ designed to observe the heritability of radiation damage in

wice in terms of reproductive pegtgruance and life'span.

Methods and Results

The population of mice used in this study originated
from a single pair of mice, and were treated as shown in
Fig. 1. The X-ray treated mice were exposed acuteiy at 4 weeks
?>ot age. At the present tiwe only the reproductive performance

'!'g
of the 6th generation has been cowpleted. Since these data
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i

are preliminary, no attempt has been made to analyze and re-
fine them. The mean and standard errors of each observation,
together with a comparison of the control and experimental
groups, are shown in Table 1., The preliminary results of the
litter data strongly suggest that sublethal (undesirable)
hgreditary determiners are produced by acutely administered

X rays of the magnitude used and that these undesirable
characteristics are passed on to future generations in the
manner one would expect from random segregation. The extent
g§ which these characteristics are additive way be determined

_vﬁgn the litter data from the 12th generation are completed.

7% A

_ Reference

€1) W. L. Russell, L. B. Russell, and E. F. Oakberg,

"Radiation Genetics of Mammals.” 1In: Radiation Biolo
and Medicine, W. D, Claus (ed.), Addison-Wesley, Reading,
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A Life Span Study of First and Second Generation Offspring
;;;n Irradiated Spermatids and/or Sperm Cells, and from
;;;;diated Type A Spermatogonia of Sires and Grandsires
(J. F. Spalding and V. G. Strang)

Introduction

There has been some evidence to indicate that genetic
factors which determine the life span of a species may be
affected adversely in the first generation offspring of wmale
mice exposed to fission neutrons (1). Evidence has also
been introduced which indicates that mutation rates may dif-
fer with spermatogonial stage (2). The purpose of this
experiment is to study the relative effects of fission neutron

and Co60

gamma irradiation of the male parent on the life

span and viability of his offspring, as produced from an early
and a late breeding. 1In the early breeding, the offspring
resulted from sperm that were in the late stage of develop-
ment at time of irradiation, and in the late breeding from

sperm that were in the very early stage of development.

Methods and Results

Two hundred and twenty RF male mice 8 weeks of age were
randomly divided into 11 groups of 20 mice each and treated
as shown in Fig. 1. Groups 1 through 5 were given 32, 67,

102, 134, and 177 rads of fission neutrons, respectively.

«237- I
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Groups 6 through 10 were given 60, 120, 180, 240, and

300 rads of Co60

gamma rays, respectively, and group 11 was
retained as an unexposed control group.

Following exposure, all male mice from exposed and con-
trol groups were placed in breeding cages with a randomized
population of RF female mice 10 to 12 weeks of age with a
cage ratio of 1 male to 4 females, Eighteen days after the
mating date, the males were removed. The longevity of off-
spring from these wmatings is being studied. Offspring of
irradiated sires in part (1) were sib-mated, and the longevity
of their offspring is being studied.

Sixteen weeks following exposure, all irradiated and
control males were placed in breeding cages with a randomized
population of RF female mice 10 to 12 weeks of age with a
cage ratio of 1 male to 6 females. The longevity of offspring
from these matings is under study. Offspring of irradiated
sires in part (3) were sib-mated, and the longevity of their
litters is being studied,

This program was started in September 1958 and will
terminate about September 1961.

References
(1) W. L. Russell, Proc. Nat. Acad, Sci. 43(4), 324 (1957).

(2) W. L. Russell, J. W. Bangham, and J. S. Gower, Proc. 10th
Intern. Congress Genet., Montreal 245 (1958).
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Comgarison of Natural and Radiation Aging Mechanisas. -
Response of Irradiated and Nonirradiated Mice to Cold Stress
(T. T. Trujillo and J. F. Spalding) '

Introduction

Considerable inforsation is available suggesting that
young and old animals show significant differences in their
ability to withstand stress. The response of two age groups
appears to vary with life span interval of the species and
degree of stress. Subnormal tesperature is a nonspecific
stress to which young mice appear to adjust better than do
old ones, as indicated by the per cent of survivors. It was -
observed that at a temperature of 6 to 7°C for 14 days in
individuals, 73 per cent of 6 month old wice survived, while
only 17 per cent of 19 month old omes could withstand this
stress.

"' 1t is well known also that a definite life shortening
in wice results :ron-sinzlo or sultiple doses of whole body
radiation. Variations in reduction of life span are
o ged with strain, sex, dose, and dose rate. A range in
the reduction of life span in female wice of frow 0.3 to
0.7 dij per roeatgen has been reported.

The aging process is poorly usderstood if at all; how=- |
ever, it seems important to cospare the natural process with.

radiation aging under laboratory conditions. This investigse

-240-
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cur:&ntly in progress, was designed to observe differences
in the two aging mechanisms in a single strain of irradiated
and nonirradiated mice, when exposed to a nonspecific stress

such as cold.

Methods and Results

Young female mice of the RF strain are being used in
the investigation. The radiation exposures are gamma rays
frogha Co60 source. The dose rate and length of exposure
can be varied to obtain desired dose of total body radiation
and varied life shortening. Radiation exposures begin when
:A;yanimals are 3 to 4 months of age, At the termination of
exposure, all groups are allowed a 90-day recovery period
bofqgi subjected to stress. All deaths during this period
wouf% be considered acute deaths, and subsequent to this
i;;ﬁ; of irradiated wmice exposed to the cold environment, a
group of nonirradiated animals of the same chronological age
is exposed and serve as controls. All cold stress periods
are for 14 days at 6 to 7°C in a walk-in refrigerator. The
animals are housed in individual cowpartments with food and
vater available ad libitum. Upon termination of stress, the
wice are returned to the normal warm quarters for an addi-
*ipé@l 10-day survival observation period, after which the

-241-
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experiwent is terminated. To determine first the effect of
{ natural aging on resistance to cold of the RF strain,
500 young femwale mice of the same age were randomized and
groups of 100 each are being placed in the cold room every
4 wonths, The life span of the RF mouse is believed to be
between 2 and 3 years,
The results to date are recorded in Tables 1 and 2.

All groups were observed for deaths during and for 10 days

after the stress period. Table 1 shows that 61 per cent 6!

the irradiated mice died, compared to 45 per cent of the non-
irradiated anisals. Table 2 shows per cent deaths of 1 non-
irradiated group, compared with 4 irradiated groups each
receiving a different dose. Of the 500 young mice divided
in groups of 100 each to be exposed to cold every 4 months
i to determine resistance to stress with age, only the first
group (4 months 0ld) has been stressed with 86 per cent sur-
5 viving.

From the data presented, it is evident that there is a
decline in the ability of irradiated mice to resist cold
when atressed along with a nonirradiated group of the same
chronological age. As shown in Table 2, the per cent deaths
in the irradiated groups corresponded with the whole body

dose received, with the exception of Group II which received 1

the least radiation. There was no gross observation during ﬂﬂi

4
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giress Or post stress period to indicate a reason for the
nigh mortality in this group. To observe this phenomenon
ggrther, a similar experiment is currently under investiga-
tion. Four hundred RF female mice, 4 to 5 months old, in
groups of 100 each, have received 512, 1522, 2598, and

3682 roentgens, respectively, at a dose rate of 50 r/day.
These groups have not been exposed to cold as yet. From the
data in Tables 1 and 2, it appears that the aging mechanisms
of tho natural and radiation processes are very similar;

nowever, reduction of life span due to radiation for the RF

jle mouse, based on our dose rates, has not been observed.

SEh kg
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.
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Effect of Graded Acute Exposures of Gamma Rays and Fission .
Neutrons on Recovery from Subsequent Protracted Gamwa Ray
Exposures (J. F. Spalding, V. G. Strang, and F, C. V. lornii)

Introduction

The measurement of "reparable" and "irreparable"” compo-
nents of injury from ionizing radiations in mammals is still
the subject of much controversy (1,2). The study outlined s
here was designed to test the theory that the degree of
resistance or survival time in a continuous field of low
intensity gamma rays may be used as a measure of one compo-
nent of irreparable damage from prior challenging doses of de

graded fission neutrons and Co60 gamma rays. =

Methods and Results

Five hundred and twenty-eight female mice were randomly .

divided into 12 groups and given total doses of guwma rays =
{

A ) e

ranging frow 240 to 1200 rads, or fission neutrons ranging
from 92 to 451 rads (Table 1). To avoid possible acute radit=

tion deaths, all doses were fractiomated into 5 exposures

-«

™~

delivered at 4-day intervals. After a repair period of -

e Y Pt sy - +

80 days, they were placed in a continuous field -of gamma
rays (50 rads per 34 hours), vhere they remained until death.
The Mean Accumulated Dose (MAD) for each group was deterwined

and correlated with the fractionated acute challenging dose.

- -246-
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TABLE 1. Challenging Doses of Gamma Rays and Fast Neutrons‘

jgg Gawma Rays Fission Neutrons
group No. of Total Dose Group No. of Total Dose
No. Mice (rads) No. Mice (rads)
1 42 240 6 42 92
W;:g 42 480 7 42 182
3 44 720 8 44 271
S 48 960 9 46 355
5§%ng~ 50 1200 10 48 451
40 Zero 12 40 Zero

~57ib dose to each group was divided into 5 fractions, delivered
st 3-day intervals.
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The results of this study (Table 2) show the following:

1. Radiation-induced damage in the wouse has one compq
nent which is permanent and irreversible.

2. At least a fraction of this irreversible damage is
proportional to the magnitude of the challenging dose, and
is measurable in termss of impairment in survival time in a
continous gasma radiation field.

3. Fission neutrons are more effective in damaging the
repair mechanisns than are gamma rays by a factor of approx-

imately S.

References

(1) G. A. Sacher, Chapter 12, In: Radiobiology and Medicir
¥W. Claus (ed.), Addison-Wesley, Reading, Mass. POL

(2) J. B. Storer, Rad., Res. 10, 180 (1939).
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Acute End Points as Indicators of Aging Induced by Radiation
=
(J. E. Furchner and G. A, Trafton) e

Introduction

Premature aging or life shortening appears to be one of
the important effects of radiation exposure. Normally, the B
aging effect is measured by comparing the median survival
time of irradiated and control animals, which requires
observation throughout the entire life span. Acute end
points of radiation-induced aging would permit more observa- *
tions with less handling and housing problems and would §§g
supplement median survival studies. It is possible also thif @
such observations would contribute fundamental information ~g
on the mechanisms of radiation aging. This study was under- -
taken to explore calcium uptake and accumulation in the
aorta, kidney hypertrophy after unilateral nephrectomy, and .
temperature shortening of the rat tail tendons as phytiolocicm

indicators of radiation-induced aging.

Methods and Results

Calcius Uptake by the Aorta

It has been shown (1) that calcium turnover in the aorts
of rats increases with age. The chronic effects of radiation

have been treated as accelerated aging (2). The present
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3;;;£znent attempts to wmeasure physiologic age and the effect
otugﬁginglc acute radiation dose on such a weasurement.

Illo Sprague-Dawley rats were irradiated with 350 rads
of 250 KVP X rays at the ages of 3, 6, 9, and 12 months. Two
-onthn later the rats were injected intraperitoneally with
about 2 wp of 0345, as were unirradiated control rats of the
same tgos. The rats were sacrificed 24 hours after injection
;nd tﬁﬁ aorta, from the heart to the diaphragm, was removed.

45

Th.:snrta was assayed for total calcium and Ca The results,

jed as per cent of injected dose per 100 wg of dry
‘yeight, per cent of injected dose per ug calcium times
s9d ug calcium per mg dry tissue, are given in Figs. 1,
» respectively.

$ calcium content of the aorta seems to decrease be~

ti‘iﬁ*éﬁe ages of 3 and 12 months, while the catd

uptake
douhttq, indicating an increased turnover. The effect of an
aeutg—dose of 350 rads is negligible after 2 months. It is
not;pgqgn whether an effect would be detected at earlier or
lt!g§f¥:tervals or whether larger radiation doses, delivered

A

chronically, would demonstrate an effect.

thﬁ%l_!ipgrtrqg@z»atter Unilateral Nephrectomy in C57Black
Mice

o
R S
2 3

e
=7

If the response of a young animal to a stress is more

“~4ent in relieving the resultant strain than that of an old

&
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animal, then the response to a stress may be a measure of
physiological age. The hypertrophy of a surviving kidney is
a well known response to the stress of unilateral nephrectomy.
Several experiments testing this response as a function of

age and radiation dose were carried out.

Acute Response to Radiation.--Twenty-four hours after

exposures to X-ray doses of 186, 279, 372, 465, and 558 rads,
groups of C57Black female mice were unilaterally nephrec-
tomized, and the kidney was blotted dry and weighed. Forty
days after nephrectomy, the animals were sacrificed and the
«urviving kidney was weighed. The per cent gain was cal-

=z culated as follows:

“ Kidney weight at sacrifice/Body weight at sacrifice
Kidney weight at nephrectomy/Body weight at nephrectouy

x 100

i The results are shown in Fig. 4. There was a decrease in
hypertrophy linear with the logarithm of dose, except for the
last point which may be due to a connective tissue hypertrophy
at this dose in the animals in this group (35 per cent of the

animals at this dose level died).

Hypertrophy as a Function of Age.--C57Black female mice

were unilaterally nephrectomized at 3, 6, 9, 12, 18, and
24 months of age. Forty days after nephrectomy, the animals

were sacrificed. Figure 5 shows the results, The last point
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is of doubtful value, since only 4 animals survived 40 days
post nephrectomy, It seems evident that between 3 and

18 wonths of age no useful relation between age and kidney
hypertrophy was found. Verzar and Hugin found similar re-
sults in rats (3).

Delayed Effects of Radiation on Hypertrophy.--C57Black

female mice were irradiated at the ages of 3 and 9 months

with 200, 300, and 400 rads; a group of 3-month-old mice was
also given 100 rads. Two months after irradiation, the mice
were unilaterally nephrectomized. Forty days after nephrectJ
the mice were sacrificed. The results are given in Fig. 6

and give no particular indication that age of the animal at

time of unilateral nephrectomy and irradiation has any oftac*
on kidney bhypertrophy as an indicator of radiation effect, !

Furthermore, there seemed to be no delayed response of kidnni

hypertrophy to irradiationm.

Shortening of Rat Tail Tendons as a& Function of Age.--
Verzar (4) showed that the isolated tail tendons of rats
shorten when exposed to a temperature of 60°C and that the
amount of contraction is a function of tesperature and age
of the rat. An attempt to repeat this experiment was made
on Sprague-Dawley rats 5 and 15 wonths of age. The results
are given in Fig. 7,
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It can be seen that the per cent shrinkage does not vary
with age, although the time at which maxiwum éontrnction is
reached is different at these ages. Further tests at other
ages should be made. It is possible that the time of maximum

contraction could be used as an indication of age response.

Conclusions

Although these studies were strictly preliminary, they
seem to support the conclusion that the three wethods tested
show little promise as acute end points of radiation-induced

aging. It is anticipated, however, that a search for such
indicators will be continued.

References

(1) V. Freydberg-Lucas and F. Verzar, Experientia, Suppl. 1v,
- 88 (1956).

(2) B. Strehler, Quart. Rev. Biol. 34, 117 (1959).
(3) F. Verzar and F. Hugin, Acta Anat. 30, 918 (1957).
(4) F. Verzar, Helv. Physiol. Acta 14, 207 (1956).
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Dose and Flux Measurements on Godiva Radiation Effects
Experiments (P. S. Harris, E. F. Nontoya, and ¥, H,
Schweitzer)

Introduction

The Los Alamos Godiva Il assembly is used extensively

as & radiation source for the study of radiation effects

on biological materials, as well as effects on physical

-~ m———

asseumblies, electronic components, and other materials. It
is especially used in experiments involving effects of
fission neutrons. In such studies, it is important to know
the dose and nature of the radiation exposure at the point
of interest with the object being exposed in place. It wil
considered worthwhile, therefore, to make a study of radia-
tion dose and flux from the assembly under a series of condie:

tions of usage.

Methods and Results

A series of measurements on neutron flux, neutron dose,

and gamma ray dose were made under several experimental condi
tions commonly used at Godiva when radiation effects isxperi-
ments are being performed. Descriptions of the various ex-
perimental setups and conditions are not given here, since

a document giving pertinent details (1) has already been
prepared and is ready for distribution., The results indicate
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the variations frow free air estimates that might be ex-
pected under perturbing conditions. These experiments led
to several conclusions of importance in radiation effects
studies at this source, among which are the following:

1. Local environmental perturbations produced by the
experimental objects themselves modify both fast neutron and
gamma ray doses at the points of interest.

2. A monitor such as temperature rise in the assembly
cannot be used to give an accurate index of either flux or
dose at the position of some experimental object.

3. Sulfur as a flux or dose monitor cannot be used to
give an accurate estimate of total flux or total dose at the
position of some experimental object.

4, Plutonium surrounded by B10

can be used to give a
reasonably accurate estimate of total fast flux and total
fast neutron dose (accuracy better than 20 per cent) at the
position of an experimental object under the usual conditions
of the experiment. If the leakage spectrum is highly modified
by the use of low Z interposed materials, plutonium in itself
is unsatisfactory,

5. Gamma ray total dose cannot be predicted from a total
neutron dose measurement in radiation effects experiments to

better than a factor of 3 to 4.

6. Thermal neutron fluxes are not predictable and (if

1054150 ~263-
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of any importance) must be measured.

7. Gamma ray dose measuring devices should be thermal
neutron insensitive because the presence of perturbing mate-
rials generally tends to raise the thermal neutron flux back.
ground and many standard gamma dose detectors have a high

sensitivity (on a rad for rad basis) to thermal neutrons.

iz

Reference

(1) P, S, Harris, E, F, Montoya, and W. H. Schweitzer,
Dose and Flux Measurements on Godiva Radiation Effects
Experiments. Los Alawos Scientific Laboratory Report
LA-2355 (1959).

-264-
P09k 151

e
%

AN{ALALT AN



;i?

gffect of Sublethal Whole Body Irradiation at Different Age
" Levels (I. U, Boone, G. Trafton, L. Conklin, and D. C. White)

Introduction

Although acute and chronic effects of radiation on wmice
are accepted as being somewhat dependent on age at time of
exposure, there have been few studies in which results have
been collected in the same laboratory, under the same condi-
tions, and on the same random population of animals. This
study is an attempt to observe age dependence of several
radiation effects under the same set of conditions controlled

as carefully as possible.
Methods

CF1 female mice from the same original random group were
exposed to whole body radiation of 100, 200, and 400 rads at
2, 6, 12, and 18 months of age. Groups of animals exposed
at 18 months of age contained 40 to 50 animals. All other
irradiated groups had 150 animals. There were 300 animals in
the control group. Also, from the same original random group,
nonirradiated mothers were chosen for breeding purposes and
their babies were exposed at 1 to 7 days of age. This part
of the study includes males and fewmales. Following irradia-
tion, the babies were placed with their mothers for 30 days,

“eaned, and rerandomized. The number of animals in each group

-265~-
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varied between 80 and 100 at time of exposure.

Results and Discussion

The acute 30-day mortality for animals irradiated with
400 rads at 2 months of age or older is shown in Table 1.
Tables 2 and 3 summarize the mean survival and life shorten.
ing of the animals irradiated at the various age levels.
In Table 3, the life shortening was based on the wean
survival of the control animals. Although only one control
group of animals was used for the calculation of life shortomq
ing in Table 3, the life shortening of the irradiated group
was based on the mean survival of control animals calculated |
on the basis of the number of control survivors at the tiwe |

of irradiation of each of the irradiated groups. Animals

irradiated in the first week of life were compared to their
own set of control animals, as given in Table 1. The sen-
sitivity to acute effects of irradiation appears to be in-
.creased with the age of the animal while the chronic delayed :
effects on life shortening decreased with age.

The total tuwmor incidence in these animals is given in
Tables 4 and 5. Only the number of primary tumors occurring
are reported. No specific breakdown in tumor classification

is attempted in this report. All tumors of reticular tissue

have been classified as leukemias and lymphomas, as

-266~-
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TABLE 1. Acute Mortality of CF1 Female Mice Exposed to
Whole Body X Irradiation at Various Age Levels

Age at Acute 30-day
Exposure Dose Animals Mortality
(months) (rads) (No.) (per cent)
2 400 152 6.6
Control 310 0.3
6 400 154 11.0
Control 305 1.3
12 400 155 0.0
Control 264 2.9
18 400 45 26.7
Control 202 6.0 b
-267-

1054154 s




v . PP A Y Wy 5 ——

4 SSLHG0

|

'
_ -- 59 901 - 86S $IT TOIIUD @
N
9° v °11 % 4] 4 8°LE cLE zs 0.0 4 '
A % 8y cé 8°82 124 4 €6 002
L'8 g8¢ L6 [0 D 08S 1 4] 001
(3uad xed) (sdep) (so1em) (3uad xad) (sfiwep) (soTema]) (sSpe3)
Suiuel xoys oedg stemiuy Buguajaoys uedg sieayuy osod
o711 9J 17 UBONR JdoqunN o311 9J17 Uven JoqenN

o3y jJo sdwd L 03 1 3%
uogleIpeasl X Apog OoToyn 03 posodxym ITN 1;5 wo 300333 Buyuejoys 911 ‘T T1AVL




TABLE 3. Life Shortening Effect on crl Female Mice Exposed
to Whole Body X Irradiation at Various Age Levels

ar——

Age at Mean Life Life
Exposure Dose Animals Span Shortening
(months) (rads) (No.) (days) (per cent) P-values
2 100 147 535 13.4 0.01
200 145 459 25.7 0.01
400 142 385 42.5 0.01
Control 309 617 - —-—
6 100 151 544 13.5 0.01
200 141 532 15.4 0.01
400 137 427 32.1 0.01
Control 301 629 - -
12 100 139 627 8.2 0.01
200 139 629 7.9 0.01
400 128 580 13.6 0.01
Control 259 683 - -
18 100 42 74 1.3 0.60
200 45 712 5.7 0.02
400 33 704 6.8 0.01
Control 190 785 - -
-269-
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U TABLE 4. Per cent Tumor Incidence in crl Mice (irradiated

at 1 to 7 days of age)

- Leukemia
Dose Aniwals and
(rads) (No.) Lymphoma Lung Mammary Ovarian Others
: Females
- 100 63 15.9 15.9 1.6 25.4 4,7
IE 200 74 20.3 9.6 2.7 18.9 2.7
s 400 43 39.5 9.3 0.0 18.6 2.3
e? Control 7 15.5 15.5 5.6 2.8 4.2
Males
100 79 15.2 27.8 0.0 - 5.1
i 200 69 15.9 17.4 0.0 - 4,3
e 400 34 - 23.5 14.7 0.0 - 5.9
W Control 80 12.5 18.8 0.0 - 5.0
31
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recousended by Dunn (1). Pituitary tumors were not inves-

tigated. The occurrence of multiple primary tumors in one

animal varied considerably between the groups of animals

studied, Each primary tumor was considered separately, B

In the irradiated babies, the leukemwia incidence was F

increased in both sexes, but at higher doses the increase

was greater in the fewales. Lung tumor incidence was in-

viads

creased slightly in the group of males receiving 100 rads, :
The number of ovarian tumors was greatly increased in the ‘

irradiated females. The threshold dose for ovarian produc-. -

.

(IS

tion appeared to be less than 100 rads in this strain of

In general, where the over-all tumor incidence is

“i"‘;n.-.l‘ ff‘

mice,
increased over that of the control animals, the latent

‘*‘

Aoy

5 period for tuwor induction is decreased.

Lo
A

The tumor incidence data for all mature age groups

‘u;“ T

(Table 5) show that the leukemia incidence varies with age

in this strain of mice. The greatest susceptibility is seen .

at 2 months and then at 18 months. Animails irradiated at . =

12 wonths did not show any increase in leukemia over that of

the control animals. An increased incidence in ovarian

tumors was seen in aniwals irradiated at 2 months of age.

No increase in ovarian tumor incidence was seen in animals

irradiated at 6 months of age or older. The over-all

incidence of lung tumors did not differ from the control

-272-
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incidence, but the latent period for production of these ne-
oplasms is reduced in irradiated animals.
Gompertz function (age specific log rates of wmortality)

will be calculated for all groups of animals.

Reference

(1) T. B. Dunn, J. Nat. Cancer Inst. 14, 1281 (1954).
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Effects of Partisl and Yhole Body X Irradiation on Life Span
and Tumor Incidence of C!l Mice (I. U. Boone, G. Trafton,
L. ConkIln, and V. C. WhiteJ

Introduction

Partial body exposure to ionizing irradiation is a
technique which has been used to study a wide variety of
radiation effects. In the past it has had particular
application in acute mortality studies, and only recently 1t.
has been applied to long-term and life shortening effects.
No specific exporin;ntnl data relating to life span and life
expectancy after partial body exposure were available until -
a recent short paper by Kallwan and Kohn (1).

The present experiment was designed for the purpose o!‘
studying the long-term effects of partial body exposure
with specific reference to shortening of life span, tumor
incidence, and age specific rates of mortality (comwonly
known as Gompertz functions). These results were compared

to those frowm mice receiving equivalent integral doses durim

whole body exposures and to unirradiated control mice.

Experimental Dni‘n

Approximately 13500 CF1 80-day-old female mice, welighin;
from 19 to 27 grams, were used in the study. Anisals were

randomized 150 per group and earmarked as to group before

-374-
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eiposure. During exposure, the mice were anesthetized with
sodium pentothal (91 mg/kg body weight).

Every attempt was made to shield uniformwmly the upper or
lower portions of the body, with the tip of the xiphoid
process arbitrarily chosen as the anatomical landwark. The
partial body shields were hollow cylinders of 1/4 in. lead,
lined on the inside with paraffin. The outside was covered
wi;h brass so that the cylinders could be machined to give
a flat end or "side'" to prevent the cylinders from rolling.

All mice received only a single X-ray exposure. A
250 KVP Maxitron X-ray machine was.used. The pie-shaped
exposure tray containing the animals was continuously rotated
during exposures. The air dose was 52 r/min with a tissue
dose of about 50 rads/win. Phantom dosimetry indicated that
the tissue dose to the shielded areas was only 3 per cent of
the total dose delivered to the exposed tissue.

The whole body exposure doses were 100, 200, and 400 rads,
while animals which were shielded (upper or lower body) re-
ceived 200, 400, or 800 rads. The total weight of the tissue
exposed in each of the shielded groups was the same. Thus
the integral doses were equivalent in these cases, In addi-
tion, the integral dose of shielded animals receiving 800 rads
was equivalent to that given in whole body exposure of 400 rads;

shielded 400-rad equivalent to whole body 200-rad, etc.

=275~
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Auimsals were autopsied at death, and tissue samples were
taken frow approximately 60 per cent of the animals. The
mean survival times, tumor incidence, and age specific log

rates of wortality were determined.

Results and Discussion

Table 1 susmarizes the acute 30-day wmortality data.

The values are higher thao might be expected. Unfortunately,
due to importing large numbers of animals to our laboratory
at this time, a -odoiatc Salwonella outbreak occurred.
Aniwals involved in this study were well isolated and the
disease was self-liwiting. Very little evidence of it was
seen after the first 30 days. Only 2 nonirradiated control
animals died in the following 30 days. No further deaths
occurred in the control group until 190 days after the irradh
tion date. Long-term data were not influenced by this oarlyﬁ
infection, as uniﬂsll dying in the first 30 days were not 194-
cluded in the mean survival or death rate data.

The mean survival time and per cent of life shortening
as compared to nonirradiated control animals are summarized
in Table 2. The standard error of the mean ranged from + 14
to + 19, The P-values given in this table are compared to tb
control animals. In Table 3 the data are expressed in terss

of the decrement in life span per 100 rads and per kilogram-t

i ) -276-
1058703 oy

00131486.274




TABLE 1. Acute Mortality of Partial and Whole Body X
Irradiated CF1 Mice

Exposure Acute 30-day

Dose Animals Mortality

Treatment (rads) (No.) (per cent)
Upper body shielded 200 147 10.2
400 148 12.9
800 135 22.4
Lower body shielded 200 131 7.3
400 158 13.9
800 151 8.7
Whole body exposure 100 1351 8.6
200 146 18.5
400 154 35.1
Control -—— 158 6.3
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TABLE 2. Mean Survival Tise and Life Shortening of Partial
and Whole Body X Irradiated cr1 Mice

Hean “Life -
Life Shorten-
Dose Animals Span ing b
Treatuent (rads) (No.) (days) (per cent) P-values®
e N |
Upper body shielded 200 132 587 6.9 0.08
400 129 508 18.9 <0.01
800 121 491 19.4 <0.01
Lower body shielded 200 140 588 3.5 0.10 -
400 136 559 8.2 0.02
- 800 147 549 9.9 <0.01
¥hole body exposure 100 138 549 9.9 <0,01
200 120 496 21.3 <0.01
400 100 443 27.3 <0.01
Control ——— 148 609 e ———-

(‘)lico that died in the first 30 days after exposure were not
included in the data.

(®)rhe standard error from the mean ranged frow + 14 to + 19,

(C)P-valnu €0.05, as determined by "t" testing, were consider
to indicate a significant difference from the control aanimals.
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TABLE 3. Decrement in the Life Span per Unit Dose of Partial
and Whole Body X Irradiated cr1 Mice

Dose
Treatment (rads) days/100 rads day/kg-rad
Upper body shielded 200 21 18
400 26 22
800 15 13
Lower body shielded 200 11 9
400 13 11
800 8 6
Yhole body exposure 100 60 26
200 57 24
400 42 18
-279-
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For whole body exposure, the increased sensitivity of fewale
mice as dose decreases in the 800 to 200 rad range has been

noted and mentioned previously by Furth (2) and Sacher (3).

Kallman and Kohn (1) have reported similar results. It has

been suggested that this is somehow related to the peculiar)y
greater sensitivity to X rays of the mouse ovary.

A brief suswary of the over-all tumor incidence is pre.
sented in Table 4. In this particular study, no striking
over-all leukemia incidence was seen. The leukemia incidence
may have been influenced by the Salwonella infection present
at the tiwe of irradiation. Thywic involution may have been
present at the time of irradiation as a result of the infec-
tion. 1f the tumor incidence is examined on the basis of age
intervals, the latent period for tumor occurrence is decreased
in irradiated animals.

Age specific log rates of mortality for all causes of
death, except leukemia, were obtained for all control and
irradiated groups. In all instances, the regression coef-:
ficient, i.e., the slopes, did not differ significantly from
that of the control and the lines could be drawn parallel as

shown in Fig. 1. The Gompertz functions are displaced upward

from the control in all instances. The most sovofc displace- {

ment occurred following 400 rads whole body exposure. Death [

rates following 800 and 400 rads to the lower half of the bodyf

could be represented by'one line. Displacement following

00131486.278
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upper body exposure is not as great as that following lower
body exposure. A plot of the displacement'above the control
group is given in Fig. 2.

Life shortening effect in partially exposed CFl mice
was not strictly proportional to exposure or integral dose.
The decrement in life span per unit dose was not constant,
To understand the differences in the results between upper
and lower body exposures, each must be considered on the
basis of the particular lesion involved, The greater sen-
sitivity following lower body exposures is no doubt influenced

by the radiation sensitivities of the ovaries and the gastro-

intestinal tract.

References
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"Effect of Single Sublethal Doses of Nitrogen Mustard (HN,)
on Lile Span and Tumor Incidence as Lompared to Whole Body

X Irradiation (I. U. Boone, G. Trafton, L. Conklin, and
D. C., White)

Introduction

Many drugs used in cancer chemotherapy have been re-
ported to produce biological effects similar to those produced
by irradiation. One of the most observed effects of such
drugs is that of production of mutations. For these reasons,
such drugs are frequently called radiomimetric or mutagenic
agents and are of considerable interest to radiobiologists.
This study was designed to investigate the long-~term and de-
layed effects of nitrogen mustard (HNz) as compared to sub-

lethal doses of whole body irradiation.

Methods and Results

Nitrogen wustard was administered as single sublethal
doses to CF1 and CFW Swiss female mice. The doses administered
were chosen on the basis of LD50 studies conducted on each
strain. The radiation was delivered as a single whole body
dose of 400 rads of 250 KVP X irradiation. The air dose rate
was 52 r/min with a tissue dose rate of 50 rads/min. The CF1
wice were irradiated or treated at about 4 months of age, and

the CFW Swiss mice at about 3 months of age.
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The data showing acute 30-day wmortality from nitrogen
mustard are given in Table 1. Table 2 summarizes the mean
;, survival and life shortening data for both radiation and HNz,
and data showing tumor incidence are presented in Table 3.
While nitrogen mustard did not significantly affect the life
span of C!1 wice, 400 rads of whole body X irradiation
shortened the mean life span of crl mice by 38 per cent, In
this strain of wice, the leukemia incidence was definitely
elevated only in the group exposed to 400 rads. Nitrogen
wustard (4 mg/kg) did not influence the leukemia incidence
but did increase the incidence of lung tumors. The increase
in lung tusors way not have been reflected in the life span
j data, as this tumor has a long latent period even in the mice

receiving BNz. Ovarian tumors were only slightly increased

in the irradiated crl mice. This may be related to the age
j at which the animals were irradiated, which was about 4 monthla
% in this case. |

In the CFW Swiss strain of mice, life shortening follow-
ing 400 rads of whole body irradiation was only 13.7 per ceant.
Mice of this strain which received 2.5 wg/kg of nuz showed no
significant life shortening effect, while mice receiving
3.5 wg/kg of HNz had a reduction in mean life span of 9.2 per

cent.

The reduction of 1ife span of animals in the 400 rad
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TABLE 1. Acute 30-day Mortality in CF1 and CF¥ Swiss Female
Mice following Adwinistration of HNj or X Irradia-

tion
Acute 30-day
Animals Mortality
Treatment (No.) (per cent)
CF1 Mice
4 ng/kg HNz 138 1.4
400 rads 147 ' 4.1
Control 141 o)
Swiss CFW Mice
3.5 mg/ kg BNz 91 2.2
2.5 mg/kg HNz 87 3.2
400 rads 97 1.0
Control 111 0.9
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TABLE 2. Life Shortening Effect in Cl"1 and CFV¥ Swiss Female
Mice following Adwministration of HNz and X
Irradiation

a Mean Life Life
Animals Span Shortening

Treatwent (No.) (days) ~ (per cent) P-values!
CFI Mice
4 wg/kg HNZ 136 610 3.1 0.40
400 rads 141 391 37.9 <0.01
Control 141 630 ——— -

Swiss CFW Mice

3.5 mg/kg HN, 89 542 9.2 0.02
2.5 mg/kg AN, 86 578 3.2 0.5
400 rads 87 518 13.7 <0.01
Control 110 S97 ) -

(a)uice that died in the first 30 days after exposure were oot
included in the data.

(®) Standard error frow the mean ranged from + 13 to + 18,
(c)Relutive to controls.,
“’P-vtluos € 0.05, as determined by "t" testing, were con-

sidered to indicate a significant difference from the control
animals.
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X irradiated and 3.5 wg/kg Elz groups may be related to the
leukemia incidence. Incidence of leukewia was increased ip
both of these groups, and the latent period for leukewia
induction was decreased. The incidence of lung tumors was
only slightly increased in the Elz,groupo and unaffected by
the radiation. Mammary tumor incidence in irradiated mice
was lower than that of the control mice. Neither the 400 ry
of whole body X irradiation nor the HN, induced ovarian tumep

formation in this strain.
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Effect of Pre-irradiation Treatment with Glutathione on Life
Span and Tumor Incidence of CF: Mice (I. U. Boone, G. Trafton,
L. Conklin, and D, C. White)

Introduction

Agents such as cysteine, cysteamine, glutathione, S,2-
aminoethylisothiuronium dibromide (AET), etc., administered
before irradiation have been shown to exert a protective
effect by modifying the response of acute lethal doses of
X irradiation. In this study, glutathione (a known protec-
tive agent) was adwministered to CF, female mice prior to a
single lethal or sublethal dose of X irradiation. Long;tern
effects on life span, tumor incidence, and age specific log
rates of mortality were compared to animals receiving a

single dose of 400 rads of whole body X irradiation and to

nonirradiated aniwals.

Methods and Results

The radiation was delivered as a single dose of 2350 KVP
X irradiation. The air dose was 52 r/min with a tissue dose
of 50 rads/min. Glutathione (4 g/kg body weight) was admin-
istered 30 winutes before irradiation. The mice were treated
and irradiated at 17 weeks of age. Table 1 1lists the groups,
the number of animals in each group, and the acute mortality
data. Table 2 summarizes the mean survival and life shorten-

ing data., The decrewent in life span per unit is given in
-291-
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TABLE 1. Acute 30-day Mortality in Irradiated crl Mice
Pretreated with Glutathione
Acute 30-day4‘—
Animals Nortality
Treatuent (No.) (per cent)
400 rads 147 4.1
Glutathione + 400 rads 141 | 0.7
Glutathione + 700 rads 142 6.0
Glutathione only 154 o]
Control 141 (o]
-292- B '
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TABLE 2. Mean Survival Time and Life Shortening in Irradiated
CF1 Mice Pretreated with Glutathione

Mean Life Life
Aniwals Span®*  Shortening,

Treatment (No.) (days) (per cent) pP-values®

400 rads 141 391 39.8 <0.01
Glutathione + 400 rads 140 479 26.2 <0.01
Glutathione + 700 rads 134 427 34.2 <0.01
Control 1 (glutathione) 154 666 - 0.10
Control I1 (no glutathione)

141 630 - --
Combined control Groupsd 2935 649 - ‘ -

(‘)Includes time prior to radiation exposures but does not in-
clude data for mice dying in the first 30 days after exposure.

(b)aelative to combined control Groups I and II. fa
(C)P-values <0.05, as determined by "t" testing, were considered
to indicate a significant difference from the control animals
which did not receive glutathione, i.e., control Group II.

(d)Combined control groups, i.e., animals which received gluta-
thione and those receiving no glutathione.
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Table 3. The over-all tumsor incidence is susmarized in

Table 4. |
Glutathione had a definite protective effect in terms ;

of 1ife shortening and tumwor incidence at both the lethal und?

sublethal dose levels. Age specific log rates of mortality

for nonleukemia and all deaths have also been calculated for.

these groups,
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" TABLE 3. Decrement in Life Span per Unit Dopo(‘) in X
: Irradiated Mice Pretreated with Glutathione

Treatment Day/100 rads Day/kg-rads (P)
400 rads 85 26
Glutathione + 400 rads 43 17
Glutathione + 700 rads 32 - 13

(')Balod on combined control groups of animals with mean life
span of 649 days.

(b)Averazo weight of wice used was 25 gw.
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|
.Nedplasws Occurring in a_Series of Irradiated Mice (D. C.

% ¥hite)
Y

Introduction

P

The scope of this study was to enumerate the tumor types
noted in mice used in a variety of radiation experiments pre-
; sented in the previous papers. The completed study will in-
clude a corfelation of these tumor types with dose of radia-
tion administered and the mode of administration, and will

encompass the incidence of each variety of neoplaswm.
Materials

To provide a more comprehensive evaluation of these ex-
periments, a careful microscopic exawmination wag made of all
tissues removed at the timeﬂof'autopsy. A total of 5,277 CFW
mice were employed in the course of these several experiments,
of which 3,333 (or about 60 per cent) were autopsied and

i tissues taken.

1 Of the total number of mice utilized, 960 were controls
and received no irradiation. The remainder were administered
doses of X irradiastion ranging from 100 to 800 rads at various
age levels with or without partial body shielding. Unless
otherwise indicated, the following tissues were routinely
removed for histologic examination: 1lungs, liver, spleen,

kidneys, and sternum, Obvious lesions noted in other organs
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or tissues were also preserved. NoO gross examination of the
brain or spinal cord was made, nor .as the skeletal system

surveyed in any detail.

Classification

~ ¥

Without including actual percentages, the four most
frequent tumor types noted in this study were pulmonary,
mABRAry, ovarian, and reticulo-endothelial, including the

leukemias and lymphomas,

Pulnonagz

There is a rather marked variation in incidence of both
spontaneous and induced pulmonary neoplasms among the numerous
strains of mice currently used in biological research (1-4).
This incidence varies from 80 to 90 per cent in strain A to ‘
relative resistance in the C57Black and L strains., The patho-

genesis and morphology, however, remain unaffected by dif-

'
!
'
)
‘

ferences in strain or mode of induction.

There was no predilection as to site of origin except that
the majority of these tumors apparently arise near tﬁo lung
periphery., In general, those tumors arising spontaneously
are solitary in contrast to the multicentric nature of those
induced through chemical or physical means. These tumors
grow primarily with a spherical configuration with protril-

sive coumpression of encircling lung tissue. Not infrequontly.‘

~298-
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hovoﬁbr, the adjacent alveoli are progressively invaded by
cords of tumor cells extending along the septa. In these
instances, the pseudoencapsulation noted in the expanding
type of growth is relatively inconspicuous.

Microscopically, the basic structure of théée pulmonary
tumors is similar, There is a spectral variation in the
cellular pattern based on tumor location, amount of support-
ing stroma, etc., The pattern is that of an epithelioid tumor
showing a predominance of acinar and papillary configura-
tions. The tuwor cells are cuboidal or low columnar. The
cytoplasm is uniformly homogeneous and slightly acidophiliec.
Occasional tumors are observed in which the cells exhibit
paranuclear vacuoles. The free borders of these cells show
no evidence of cilia formation. The nuclei are, in genersl;
‘uniformly ovoid or spherical in form. The relative size of
the nuclei, as well as the degree of staining, may vary frowm
tumor to tumor and, in fact, from area to area in a single
tumor., This inconsistency gives these tumors a variegated
appearance. This may also become evident when two tumor foci
coalesce in the course of their growth,

With the exception of the relatively infrequent anaplastic
tumor forms, the number of wmitotic figures is extremely small.’
Despite the essentially benign appearance of these tumors,

however, they must of necessity be considered as malignant or
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potentially malignant by virtue of their mode of growth and -

=]
transeissibility. A unique and rather striking feature of é
these tumors is the morphologic transforsation which occurs B
when one of these tumors breaks through the pleura or ;

metastasizes to regional lywph nodes. The tumor then assumes.
a sarcosatous pattern with only scattered attempts at acinaz%i
formation. Distant metastatic lesions must be extremely 3
rare, as none was noted in this study. s
Grady and Stewart (1), in a detailed analysis of the _
histogenesis of these tuwmors; utilized proven mothods of ’
rapid tuwor induction to study the site of origin. This th.f
accomplished by the daily sacrifice of several animals and
serial sectioning of the fixed lung tissue. The results of
this experiment and a siwmilar study performed by Mostofi and E
Larsen (5) showed conclusively that these tumors arose in
alveolar tissue with no apparent association with bronchioles :

s

or bronchi. This was of great importance as the cellular ot
morphology of these tumors would, in many insatances, l““OIéE%
an origin from bronchiolar epithelium. It is still conceiv-
able that they may stems frow "multipotential" cells at or near
the bronchiolar-alveolar duct junction.

One other forw of pulmonary tumor was occasionally noted
in this series. Portions of the above tumwors in rare instanced

exhibited definite squamous characteristics even to the forma-

tion of epithelial pearls. It could not be deterwmined vhethcrt

-m-
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gghil represented a true tumor variation of squamous meta-

plasia in the already existing neoplasm. The fact that this
particular configuration always appeared as an integral part
of the standard pulmonary tumor lends strong support to the

theory of metaplasia.

Manwary

) Rt

s

With but few exceptions all mice employed in these ex-
periments were female; therefore, mammary tumors comprised
a large percentage of the total number of neoplasms noted
at autopsy. In order to maintain consistency with other
similar studies on these tumors in wmice, the classification
of Dunn (6) was followed as closely as possible.

Mammary tissue in the fe-aie mouse n;y be found over a
very broad area, extending frowm the cervical region to the
vulva on the ventral surface and almost to the midline on
the dorsum of the body. Because of this widespread distribu-
tion, any subcutaneous tﬁ-bi arfliﬁf in this area ﬁust be
considered as potentially mammary in origin. In general,
the gross characteristics of these tuwmors are as follows:
rounded or ovoid, sometimes nodular, well circumscribed,
moderately firm growths which on cut surface are seen to be
composed of grayish-white tissue. Various additional features
may at times be noted such is distended vascular channels,
blood filled cysts, areas of necrosis, and an exudate of milky

fluid,

10547188
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With relatively few exceptions, these mammary tumors
may be classified into three basic types on a sorphologic
basis. It must be stressed at this point that any attemwpt
at delineating these tumors must be determined by the pre-~
dowminant histologic pattern. A pure tumor type is rarely
noted as the neoplasm is generally an adsixture of types
‘and variations of the morphology are the rule rather than

the exception.

Adcnocarcinonal;tzgg_g.--Tho predominant pattern is one
of swall follicles or tubules arranged generally in a lobular
fashion. The lining of the follicles consists of a single
layer bt unifors cuboidal cells with howmogeneous, slightly
acidophilic cytoplass. An occasional vacuole say be noted
in the cytoplass. The nuclei are small and ovoid or rounded
with uniforw chromatin distribution. Mitotic figures are
infrequent, although this tumor type appears to metastasize
as often as do the other varieties.

Adenoccarcinoma, Type B.--Although there is a basic

glandular structure present, there is considerable variation
in the patterns which the epitbelial cells assume. In general
the cells are arranged in tubular- or cord-like fashion or ia
irregular acinar configurations, sowme of which display epi-
thelial papillary formations., The lining epithelial cells
exhibit variations in size and staining quality and fail to

PYRI
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show the uniform continuity found in Type A tumors. 1If the
tumor pattern is such that a lumen exists, the free inner
border is irregular and occasionally papillary. The nuclei
are as variable as the cell morphology, and hyperchromatism
with chromatin clumping is not unusual. A double cell lining
is often a prominent feature in thig tumor type with the
wore peripheral layer compcsed of somewhat elongated, deeply
staining cells. These wmay bo,likonodita mnyoepithelial cells.
A variant of this Type B tumor is worthy of note and
might be considered as a separate enfity. In some tumors
examined, it has been found to compose a large portion of the
total tumor mass, In this variant,'there has been an exten-
sive overgrowth of epithelial cells such as to form a solid
mass of closely packed cells.  In this particular configura-
tion there is little, if any, predilection toward lumen forma-
tioﬁ. In the central regions of these cell masses, there are
gften cleft-like spaces, and it may occasionally be noted that
ihé lumenal layer of cells has lined up with a definite polarity
and in a relatively orderly fashion. The spaces thus formed
contain an exudate which is frequently filled with sloughed
cells and cell debris.

Adenoacanthoma.--Tumors given this specific designation

nust show a substantial portion of the tumor to have an epi-

dermoid structure. The remainder of the tumor is either

R AL
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Type A or B, or an admixture of both. Many of the glandulgg‘
type tumors exhibit small foci of squamous elewents as in-
tegral portions of the glandular structures. These foci
appear to be examples of squamous metaplasia and do not so..;
to have any inherent neoplastic potential. In the adeno-
acanthomas, on the other hand, increased numbers of mitotic
figures and a more disorganized growth pattern indicate trie
neoplasia.

Those tumors designated by Dunn as adenocarcinoma,
Type C, were not noted in this series and may be peculiar to
older mice of certain strains as is suggested by this author (
Similarly, true molluscoid forms of adencacanthoma were not '
found. All types of wmammary tumors must be considered poton-f
tially malignant as are the pulmonary tumors. MNetastasis to
the lung and regional lymph nodes is not unusual, and direct
extension to the adjacent connective tissue and muscle coapo-

nents is seen with great regularity.

Ovarian

Ovarian tusors are relatively uncoamon in control aice,
wvhereas irradiation increases the per cent tumor formation
several fold. 1In an analysis of ovaries following irradia-
tion, it is oqlontial to be able to recognize the structural

alterations produced by this injurious agent. There is a !
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differentiation between the sequence of events following
ionizing radiation and initiation of a true neoplastic pro-
cess. Following irradiation the ova degenerate, forming
go-ts of granulosa cells in,the cortex. Some of these nests
are comwpact, whereas others are comwposed of granulosa cells
goo-oly embedded in a colloid-like material. A progressive
morphologic change takes place with these '"follicular" cells
becoming larger with an abundance of pale cytoplass. In tiwme,
a definite hyperplasia of these elements may become evident
;1th granulosa cell outgrowths into the adjacent ovarisn‘
'itrona. The strosa remains essentially unaltered.

Of particular interest is the rather late occurrence
of downgrowth of the germinal epithelium. These assume the
characteristics of epithelial tubules, which often extend
deeply into the ovarian tissue. This particular phenomenon
1;'pecu113r to mice that have been subjected to irradiation
and is not found among the cmtrols.

From these observations, it is apparent that the vast
majority of tumors arising in irradiated mice must stem frow
the persisting '"follicle" cells and the strowa, or the newly
formed tubular downgrowths.

Granulosa-cell Tumors.--Although considered to be an un-

comwon tumor in the human fewale, it has the highest incidence

among the ovarian tumors of irradiated mice. It is composed
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of cells apparently morphologically related to those of th
ovarian follicles. It is ispossible to assign any specify
growth pattern to these cells, as they may appear as large
solid compact masses, small nests resembling anovular fol.
licles, cell cords, or gland-like structures. The amocunt
of stroma may also display considerable ysriation. The so.
called luteomata should be considered a ;uriant of the gra:
ulosa cell tumor and consists of large, pale staining cells
containing much l;pid material in the cytoplass. Only rare
may one see a tumor composed entirely of such cells., A
gradual shading from the typical granulosa cell to the ful;
luteinized cell is the rule, and distinct areas of both cel
types are generally noted in the same tumor. Another less
cosmon variant is the tusor which shows a definite spindle
cell component, probably derived from the theca interna

cells,

Tubular Adono-a.--Thovfor-ntion of these tubular dovg:
growths has already been noted. The ovaries often remain o
norsal size, even though markedly honeycombed by these tubu
It is pure conjecture as to whether an ovary of this nature
represents true neoplasia or an atypical involutional respo
to radiation. Not infrequently, however, such growth contl
with enlargewent of the ovary and true adenowatous tumor fo

tion. In direct contrast to the granulosa cell tumor, thenm

[654193 -308- ©OUNL
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has been no detectable evidence of hormonal activity in these
adenomas.

Simple cysts of the ovary will be wmentioned in passing
only because they probably represent the effect of an ab-
normality of ovarian function or residuum of hemorrhage and
have no specific relation to neoplasia. In order to com-
plete the clahsification of tumors noted in this study,
certain less common tumors should be mentioned such as papillary
cystadepoma and its rare malignant counterpart, papillary

cystadenocarcinoma, teratoma, and embryonal cell carcinoma.

Reticulo-endothelial Neoplasms

As is the case with all tumors found in the mouse, a
concerted effort has been made to parallel as closely as pos-
sible the classification of reticulo-endothelial neoplasms
in man. Dunn's classification (6) is wmost comprehensive and
complete., It is soundly based upon critical review of pre-
vious reports, careful evaluation of pathologic descriptionm,
and an exhaustive survey of tissue preparations from her own
laboratory. The classification is predicated upon the conten-
tion that these neoplasus originate froem stes cells, gran-
ulocytes, lymphocytes, reticulum cells, and plasmocytes.

This present study shall, therefore, have as its basis the

classification as set forth by Dunn and her associates (7).
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In the experiments from which this pathology survey
emanated, the exact differentiation of these various &
reticulo-endothelial neoplasms was not considered to be |
essential to the projected goals. This report, therefore,
is based entirely upon tissue sections without the benefit _
of peripheral blood or bone marrow preparations. The folgg;
lowing types were encountered in this study. j

Stew-cell Leukewia.--This is a rapidly progressing

tumor with the cells appearing in the peripheral blood at ‘.
an early stage and a very widespread distribution of organié
lesions. The cells are relatively large and immature in |
morphology, with pale cytoplasm and large hyperchrosatic :
nuclei which are frequently indented. “

Lywphosarcoua .--This ters is restricted to those lyipl;
cytic neoplasmws which remain localized for exteanded porioda{
with no dissewmination of cells into the peripheral blood. ;i
More than one organ may be involved in this entity. Omne o!i
the most common representations of this tumor is lynphOlarcé

of the thymus. This tumor may resain wholly within the con-

fines of the capsule., There is, however, an eventual break-
through with subsequent extension to the parasternal region
and to the hilum of the lung, where porivalculni and peri-
bronchial "cuffing" becowe a prowinent feature, Even with

this extensive local spread, there may be no evidence of
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systemic dissewination or invasion of the peripheral blood.

Lymphatic Leukemia.--This neoplasm may arisg as an entity
unto itself or stem from the eventual generalized dissemina-
tion of a pre-existing lymphosarcoma. The degree of systemic
involvement may be extremely variable, but the majority
exhibit "classic" generalized leukewic spread.

Granulocytic Leukemia.--As the mice being considered in

this study were allowed to die frowm "natural" causes, the
diagnosis of this entity was particularly difficult. Although
a considerable per cent of these animals had large neoplasms
of various types, the basic cause of death was primarily a
massive pneumonia or pneumonitis with or without a histolog-
ically evident septicewmia or bacéeremia. These processes
were invariably accompanied by an intense granulocytic
response frequently leukewoid in scope. Fortunately, the
vast majority of these inflammatory reactions were easily
identified and caused no diagnostic problem. There remained
only a relatively few cases where no obvious cause for the
pronounced granulocytosis could be found. In wost of these
instances, the morphology of the cells, as well as their dis-
tribution in tissues, fulfilled the criteria of granulocytic

leukemia.

Reticulum-cell Sarcoma.--Diagnosis of this neoplasm posed

no particular problem. Characteristically, this tumor exten-

sively involves the liver with multiple foci of variable size

=309~

1056190 - AL

00131488 30



composed of white tissue. These infiltrating growths were
also commonly noted in the mesenteric nodes, spleen, kidnoyg:
and less commonly in the ovaries, lungs, and thymus, The 3
histologic pattern is one of loosely arranged large cells |
showing marked variation in size and configuration. Nuclear.
pleomorphism is pronounced and varies from relatively small

3

ovoid nuclei to large bizarre configurations. Multi-

nucleated cells were frequently observed in some of these -
tumors. Of particular interest were a few of these roticulu;
cell types that closely resembled classical Hodgkin's,

Aside from the four main tumor categories already noted,
there remain numerous diverse neoplasms in this study. ‘hen
taken as individual entities, however, the relative incidencs
of each of these tumor types is very small. Moreover, in
many instances, only one such tumor might have been noted ian
the entire study but will be mentioned for the sake of com-
pleteness.

Liver .--Liver tumors are relatively cowmon and have been
the subject of much detailed research (8-12). The gross toatu
of these hepatomas are essentially similar, the tumors being
evident as large nodular irregularities of the liver. In
color and consistency, they are not unlike the adjzcent normsal
parenchyma. On close inspection, however, the uniform lobulsr

architecture and vascular pattern are lacking. The histology
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6ff;he hepatowas is quite uniform with variations present in
c§11 morphology and cell-cord structure. These growths are
;éonerally well circumscribed but with no encapsulation. At
éthe periphery there is usually compression of adjacent liver
.tissue, as well as obvious invasion by neoplastic cells.
The hepatowma cells are lined up in an irregular cord-like
fashion separated by endothelial lined sinusoids which may
',be entirely collapsed and devoid of blood or widely distended
"and congested. There are no portal areas present and no
'ievidence of true lobule formation. The tumor cells vary from
-?uniform cuboidal cells, which are only slightly enlarged, to
.the greatly enlarged polygonal cells with a great abundance
-0of cytoplasm. This cytoplasm, i; general, is somewhat more
basophilic in its staining as compared to the adjacent normal
liver cells. The cytoplasm is variable in its character,
varying from homogeneity, to fine granularity, to marked
vacuolation., Not unusual are large, spheroid, hyalin or
- waxy inclusions. The nuclei frequently display remarkable
pleoworphism with associated hyperchromatism and chromatin
clumping. In some of these hepatomas, intranuclear acid-

ophilic inclusions are quite prowinent,

Gastrointestinal Tract.--Several tumors of the gastro-

intestinal tract were noted (10,13,14). The majority of these
were of gastric origin. Squamous cell carcinoma arising from the

forestomach accounted for four of the tumors, Infiltration
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was extensive with ihvolvo-ont of the liver and pancreas,
Two mucoid carcinomas (mucin-secreting adenocarcinomas) and
one adenomatous polyp were also readily identified. No
distant metastases were noted. In addition, there were two
anaplastic ssall celled neoplasms and an unusual wmixed tumor
with a sarcomatous stroma containing neoplastic glandular
elements and foci of osseous deposition. Throughout the
intestinal tract only two lesions were noted. Both consisteq:
of aggregates of atypical glands within the muscularis and 3
could not definitely b§ classified as true neoplasms on
morphology or location. One large adenocarcinowsa was found
in the anal region, but the site of origin could not‘bo
identified.

Adrenals.--Of the endocrine system, not including the
gonads, only the adrenals were identified as being the site
of tumor forwation. No specific search was made for necblasis
of the hypophysis or thyroid-parathyroid regions. Tumors of
the adrenal were predowinantly cortical in origin. These all
appeared to be benign adenowas composed of unifora cuboidal
cells arranged in irregular cords and differing only slightly
from the normal cortex. In general, the adenoma cells were
slightly larger and the cytoplass somewhat paler ind lacking
fine vacuolation or granularity. One adrenal tumor had

cellular characteristics indicating possible medullary origis.
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These cells were large and elongated, often spindle-shaped,

and some showed granularity of the cytoplaswm. An indistinct
cord-like configuration was the predominant pattern, although
some of the cells were clumped together in small nests. The
nuclei revealed only slight pleomorphism, and mitoses were
rare,

Kidneys.~-The finding of renal neoplasia was restricted
to six tubular adenowmas. These were all small in size and
located at the periphery of otherwise normal cortical tissue.
No encapsulation was present; howevef, the tumor border was
wvell delineated. The histologic pattern was one of atypical
tubule formation. The lumens varied from almost obscure
slits to widely distended cystic spaces containing amorphous
acidophilic globules and cell debris. The cells are high
cuboidal and not infrequently heaped up into papillary projec-
tioﬁs within the lumens. The cytoplasm is acidophilic and
generally finely granular. The nuclei are relatively small,
uniformly rounded, and usually situated parabasally. One of
the adenomas had an area of cellular and nuclear pleomorphism.
No mitoses were noted, and this is considered a degennrative
rather than malignant alteration.

Epiderwal Tumors.--The occurrence of tumors arising from

the epiderwis was extremely rare, both in the irradiated mice

and in the controls. One epidermoid carcinoma was present
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in the externmal ear region and displayed classical histology
with broad tongues of epidermoid cells invading into the

dermis; epithelial pearls were readily identified. The ora)
mucosa contributed three squamous cell carcinomsas which had
widely infiltrated the adjacent structures, including bucca) s
wall and mandible. |

Mesenchywal Tumors.--Many neoplasms in this category -

were found; however, most have not been definitely classified
as yet. In general, the full scope of mesenchymal tumors

is noted. The gross and microscopic characteristics of
these tumors parallel very closely those noted in wan. Both
benign and malignant varieites are well represented. The
sarcosas predominated, probably due to their rapid growth
and relatively large size at autopsy. Among the mesenchymal
tumors present in this series are fibroma, fibrosarcomsa,
neuroma, neurogenic sarcoma, osteoma, osteosarcowa, chondro-

sarcoma, and angioma.

Discussion

Basically, the study thus far completed constitutes a
surfoy of pertinent literature regarding neoplasus identified
in laboratory mice. From these accumulated data, a workable
classification has been compiled and the tumors noted within

this series applied thereto. In general, there has been no
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significant histologic deviation from the categories herein
described. As wight be expected 'in any autopsy study of
this wagnitude, there are several neoplasws which fail to
fulfill the histologic criteria of any of the above classes.
These tumors must, of necessity, be more fully evaluated.
The completion of this study awaits the final correlation

as to tumor incidence as a function of radiation.
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Giant Cell Formation in Hela Cells as a Function of Co°C

W

Gamma and X Irradiation (D. C. White and P, C. Sanders)

Introduction

It has been shown that both c°60 gamma rays and X rays
produce giant cell forms in a variety of established coil
strains, This biological phenomenon, although typical of.
cell strains, has also been reported in early passages of
primary explant cells of several types. The mechanism of
giant cell formation is not fully understood, but further
studies of these altered cells have shown thes to be in-
capable of cell division and, therefore, colony formation.
The purpose of this study was to correlate the per cent of

giant cells formed in Hela cells with the total dose of

radiation.

Materials and Methods

All exposures were made in Rose chambers (1) inoculated
with S-3 Hela cells using approximately 5,000 cells per
chamber. These cells were grown in Eagles basic medium plus
10 per cent horse serum for 48 hours preceding exposure to
Co60 or X riys. Cobalt exposures were carried out at the

source using a configuration that permitted the simultaneous

subjection of 60 chambers to a uniform dose rate of 5 r/min,
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In order to keep the results of X irradiation couwparable,
such distance was employed so that the dose rate of these
exposures also was 5 r/min.

In a further effort to make the results as statistica), |
valid as possible, no less than 10 chambers were used at
each prodot;;-inod total dose. On each 'run," the dose EToupy .
were overlapped; the repetitive groups served as a check on
the validity of the newly added dose groups.

Employing these methods, the following dose groups wers
examined: O, 73, 150, 300, 450, 800, 750, 900, 1000, and
1200 r. A total of 149 Co%9 chambers and 40 X-ray chaumbers
were exposed. Following irradiation, the chamber cultures
were incubated for an additional 5 days with wmedium changes
immediately following irradiation and again on the second post
irradiation day. On the fifth day, the chambers were dis-
mantled. The coverglass cultures were washed with phosphats
buffered saline, fixed with absolute methyl alcohol, and
stained with the Jacobson's method (May-Grunwald-Giemss),

For the determination of giant cell percentages, all
cells were included which had at least twice the total ares
of the standard Hela cell. Vith few exceptions, the nuclei
of these giant cells exhibited morphologic alterations
including ucrpnuchi, multiple nuclei, bizarre configurs-
tions, and atypical chromatin formation. Not included in tbe
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giiﬂf cell count were those cells showing only nuclear dis-
tortion or fragwentation. The number of these latter cells

remained essentially constant at all dose levels and did not

appear to be an integral part of giant cell formation. For
each coverglass preparation, a total of 1,000 cells were

counted in random microscopic fields using a 10x objective

and 15x oculars.
Results

The irradiation of Hela cells employing the wmethod de-
scribed gave a readily reproducible curve of giant cell
production as a function of total radiation dose. Figure 1
shows the dose response relationship.

Evaluation of the control chambers revealed a con-
‘sistent 1 per cent giant cell formation, which is in agree-
ment with observations of others, who have undertaken similar
studies using the Hela cell. All chamber counts at the pre-
scribed dose levels are in close agreement and do not rep-
resent the average value of widely variable determinations.

It is of interest to note that the giant cell values for
X-ray exposures are consistently sowewhat higher than those
obtained with Co60 gamma irradiation.

Although the results thus far indicate a definite correla-
tion between giant cell formation and total dose of radiatiom,

it is apparent that much additional investigation must be
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Fig. 1. Hela giant cell production as a function of radia-
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w=carried out in order to establish a satisfactory base line
for further studies pertaining to the relative biological
effectiveness (RBE) of other types of radiation. Further
. studies should include the effect of dose rate, evaluation
of total cell survival, and determination of colony plating
efficiency.

It seemed reasonable to assume that under rigidly con-
trolled experimental conditions this biological response to
ionizing radiation wmight prove to be an important adjunct to
the evﬁluation of the relative effects on Hela cells of a

variety of radiations of different types and energies.
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Toxicity, Metabolism, and Tissue Distribution of Cl‘-lsboled
Triethylene Thiophosphoramide (thio-TEPA) in Rats (I. U.
Boone and D. L. Williams)

Introduction

The nitrogen mustard and triethylene melamine content
of normal and tumor tissue after intravenous and intra-
arterial injection in rats has been previously reported
from this Laboratory (Cancer Res., 17, 1120-1126, 1957). A

14

similar study has been completed with C” "-labeled tri-

ethylene thiophosphoramide (C14-thio-TBPA) in normal rats,

Methods and Results

The relative toxic effect of thio-TEPA administered by
intravenous and intra-arterial injections was determined
for a series of graded doses. The doses were 8, 9, 10, 11,
and 12 mg/kg body weight. Six to 12 rats were injected at
each dose level.

14_1abeled thio-TEPA and metab-

The concentrations of C
olites were measured in the various tissues following intra-
venous and intra-arterial injection of 9 mg/kg body weight
of the drug. Since alkylating agents of this type react
rapidly in the body, the animals were sacrifico& S minutes

after injection and the various tissues removed for analysis.

-322-

00131487.320



-~ In addition to the tissue analysis for C14 content, the

%istabolill of the drug was studied over a 24-~hour period.
*th the use of standard glass metabolism cages, as pre-
viously used.and described in this Laboratory, the excretion
pattern in urine, feces, and expired air (Coq content) was
;tudiod. The metabolism of the 014-thio-TEPA was further
1hvost1¢ated through the use of urinary chromatograms. All
isgnples were counted by the 1iquid scintillation method.
ﬁill counting was done in a Los Alamos Model 540 coincidence
system counter.
?f An attempt was made to correlate histological damage
*’*ﬂrith the concentration of the drug in the tissues and the route

V'of injection. Normal rats were given injections intra-

o arterially and intravenously of 9 mg/kg body weight of thio-
T!Pa and sacrificed for histological study at intervals of
1, 3, 7, and 14 days. A summary of the results follows.
'%, 1. There was no significant difference in the survival
'ﬁinc of normal rats when treated with thio-TEPA by either of
the two injection routes at any of the dose levels treated.
The LD50 dose by either route was 10 mg/kg body weight.
2. The distribution of C'? activity from labeled thio-
TEPA in tissues of normal rats given injections intravenously
and intra-arterially is summarized in Table 1. Of the tissues

investigated, only the testes, liver, and blood cells differed

? significantly in concentration between the two routes of
= 5

=
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TABLE 1. Tissue Distribution of Cl‘ Activity S Minutes

after Intravenous and Intra-arterial Adainistra.
tion of Cl¥_thio-TEPA to Rats

Sample Intra-artcriali Intravenous®
Thywus 9.0 9.4
Lungs 12.3 10.2
Spleen 9.0 6.8
Kidneys 17.9 10.2
Gastrointestinal Tract 3.9 4.8
Brain 8.8 7.2
o Muscle 9.7 7.9 |
i Heart 10.4 10.6
: f Testes 4.7 7.8“
i Liver 9.4 12.8** 15
Blood Cells 8.8 5.9%" |
! Plasma : 13.9 11.6 ;

-

.Rosult- expressed as ug equivalents/gw of tissue.

Va.luoa differ significantly (P 20.05) for the two routes
of adwinistration.

1 ik
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injection. These results more closely resembled those pre-
viously obtained with triethylene welamine (TEM) rather than
nitrogen mustard (HNz). Carbon14 activity following the injec-
tion of thio-TEPA, regardless of the route of injection, was
more evenly distributed throughout all tissues than either

TEM or HN,.

3. Table 2 summarizes the 24-hour excretion data. Be-
tween 87 and 98 per cent of the drﬁg is excreted in the urine
in the first 8 hours following injection.

4. Chromatograms of urine samples indicate that the
majority of the injected drug is excreted as thio-TEPA,

The Ry value of thio-TEPA with either n-butanol saturated
with water or 80 per cent ethanol as solvent systems was
~ 0,86, Two or three other unidentified metabolites were
present in lesser awounts than the thio-TEPA.

5. Histopathological findings following the adwinistra-
tion of thio-TEPA were not influenced by the route of adwmin-
istration or tissue concentrations of the drug and its
metabolites.

14

TABLE 2., Carbon Activity Excreted in 24 Hours following

Administration of Cl1%-thio-TEPA to Rats
Urine Feces Expired CO Total
(per cent) (per cent) (per cent) (per cent)
95.9 0,98 2.14 99.02
«~325~
fgsugiz

00131487.32




Metabolism of C'4_Isoniazid in Humans (I. U. Boone, L. M.

Conklin, G. Trafton, and R, Des Proz*)

Introduction

The hydrazide of isonicotinic acid (isoniazid) is one of

the more promising drugs for the chemotherapy of tuberculosis, :
Labeling of this important therapeutic agent with C14 by |
Murray and Langham (1) has afforded an additional means of
studying its metabolism in animals and man.

The present study was a joint project between the
University of California's Los Alawos Scientific Laboratory
and *U. S. Public Health Service Hospital at Fort Defiance,
Arizona, and Department of Public Health and Preventive
Medicine, Cornell University, New York Hospital Medical Center,
New York City, the purpose of which was to study the wetabolism

of c14-1coniazid in tubercular and nontubercular patients.

Methods and Results

The wmetabolism of isoniazid was studied in tubercular and

nontubercular patients following intramuscular adeinistration

14 14

of approximately 300 uc of C  -isoniazid. Carbon™ activity

in blood and urine was followed for 24 hours. Urine cl‘
content was determined over an additional 48~hour period.
Carbonl‘ levels in the spinal fluid were determined 2 hours

after drug administration. Chromatographic analysis of the
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urine samples was performed, and chemical separation of the
major excretory products was carried out and the amount of
radioactivity determined.

In 2 patients, C14-isoniazid determinations were re-
peated following daily administration of 300°mg of pyridox-

14-1soniazid wWasg re-

ine for 3 weeks. In 4 patients, the C
peated following 3 to 4 weeks of daily para-aminosalycilic
acid (PAS) administration. Findings have indicated the
following:

1. Seventy-five to 95 per cent of the dose was ex-
creted in the urine in 24 hours.

2. Levels in the spinal fluid 2 hours after drug ad-
ministration were found to be approximately one-fifth the
serum level at this time,

3. Chromatographic separation of urinary metabolites
of the 014-1son1azid demonstrated at least three major bands.
By weans of Rt values of known samples and infrared spec-
trometry, the acetyl isoniazid and isonicotinic acid were
unequivocally identified. Only very small amounts of un-

14-isoniazid were present. Although the degree of

changed C
acetylation varied widely between individuals, it appeared
to be a constant biological characteristic of single indiv-
iduals. Some subjects excreted as much as 60 per cent of

the isoniazid as the acetyl derivative, while others as 1little
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as 20 per cent as the acetyl isoniazid.
4, Very little or no change in the pattern of urinary -
metabolites could be induced by oral administration of either-

pyridoxine or PAS.

Reference
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Prgﬁgration of a Linear Alpha Source (T. T. Trujillo, J. D.
Pexrrings, and J. M. Wellnitz)

. Introduction

In connection with studies of effects of heavy primary

qsnic rays, it may be helpful to have a linear alpha source

tor exposing tissue cells either in a mass or in single

lsyers. This source should produce uniform radiation and

liiov means to establish dose received by the cells. One

pa-siblc method for preparing such a source is the electro-

- ptating of a known amount of plutonium on a very thin wire

V?;t could be introduced into the cell culture. This inves-

;*tﬁ;t would meet sowe of the desired specifications.

o= Methods and Results

';;:gi A solution of Puz39 in 4N HNO3 was used; however, it was

Wfiineslary that the plutonium be in the +6 state and in a

ig KOH solution for the electroplating process. The wethod

for preparing this basic solution is described in a previous

'Lol Alamos Report (1). A solution containing 1,200,000 d/w/wl

ﬂ prepared by the above method. The apparatus for the electro-
| pltting process is shown in Fig. 1. Platinus wire 0.003 in.
4€h¢ck, sealed into a hypodermic needle, was used as the cathode

;]Efbr electrodeposition of the plutonyl ion. The cathode was
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passed through another hypodermic needle of larger gage into
the Lucite box used to confine the plating operation in event
of spattering or an accidental spill of the solution., A vial
containing approximately 2 ml of plutonyl KOH solution was
raised to submerge the anode (platinum wire coil) and cathode.
The current was supplied by three 1-1/2 volt dry cells. Two
platinum wires approximately 2 cm in length were electroplated
for periods of 5 and 30 minutes, respectively, and counted

in a gas flow proportional counter.

The two wires electroplated for 5 and 30 minutes counted
24,000 and 136,000 d/m, respectively (assuwing a 50 per cent
counting efficiency). Radioautographs of these sources were
subsequently made to observe distribution of plutonium on the
wire, Figure 2 shows radioautograph of the second source pre-
pared by embedding in paraffin and placing against a nuclear
track photographic emulsion. The wire was embedded in the
paraffin to approximately half its diameter to prevent exposure
of the emulsion from scattered alpha particles.

From this preliminary study, it is evident that electro-
deposition of the plutonyl ion can be accomplished on thin
platinum wire, and the plutonium appears to adhere tightly and
to be deposited uniformly (Fig. 2). The source can be counted
in a special counter and an estimation of total activity observed

for dose estimation purposes, Preparation of the sources from

10548149 -331-

00131487.3




snugjierd 03 0meYp

L e

) C AEES_{v
-ug £00°0 uo pelysodep wmyuoinid 3o 4

&

Oan ‘oatA
dex3oipuioiny

m:mo_

-332-~

00131487.330



Puzas would increase the deposited activity and the dose rate

by a factor of about 270.
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CHAPTER 6

RADIOPATHOLOGY SECTION

Clinical Applications of Whole-Body Scintillometry. I. Re-
tention of Orally Adwinistered Iron (C. C. Lushbaugh and
D. B. Hale)

Introduction

. Iron was one of the first metals to be recognized as
nb;;l-ary for normal human wetabolism. Hippocrates is known
gqfhnvc administered a broth frowm iron filings steeped in wine
td’beople who were pale and appeared to have "thin" blood.
s{;ce then, oral iron medication has been the accepted treat-

.g§t for anemic states. When such oral treatment is not effec-
ti@e, parenteral iron has been given empirically to overcome
th‘.apparent inability of the intestine to absorb iron.
Nuwerous postulates have been made to explain this apparent
b}ockage of mucosal absorption, but again today there is a
serious question as to whether such a wmucosal blockage exists.
The human body has no means of excreting absorbed irom.

‘Hngchronic anemia, therefore, can result only from iron loss

Arough hemorrhage or from failure of dietary iron to be absorbed.

-337-

1054820 LANL.

[ gt

00131487.



There is today no siuple means of determining whether any
particular patient will absorb ingested iron. The methods
available for such determinations rely upon quantitative ana).

ysis of feces for either stable irom or F959

used as a
tracer (1). Vhile use of this isotope has simplified the
laborious iron analyses, it has not solved the difficult
problem of making quantitative fecal collections in fastidioys
patients. As a result, iron balance studies are still dife |
ficult to do and are performed only in research and not in
medical practice.

The whole-body counter may be used to dotormf;o the fate
and absorption of orally adwinistered iron by measuring the

per cent of the dose which is retained permanently in the

tighy

body. These measurements can be made directly and easily with”
the large liquid scintillation counter, since Fe5? has a

strong gawma ray for which the machine has a high efficiency.

Methods

A

Oral uptake and retention of 2059

have been studied in

66 persons. After a norsal gamms ray measurement, each individ
ual ingested 0.5 to 0.7 uc ro“ (specific activity 3 pc/mug) as
ferrous citrate in 1 per ceat ascorbic acid solution to main-
tain the iron in the reduced state. The dose was administered
from a plastic spoon and followed by ingeation of 100 to 200 sl
of water or carbonated beverage. The patient was counted

immediately to determine the counting rate as modified by the

Ao

P
T
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'gotient's mass. In this way, geometric and mass absorption
problems resulting from the wide variation in size of sub-
Jects were minimized.

Fecal samples from the first 10 patients were collected
quantitatively in plastic containers and counted to obtain a
"balance'" between ingested and retained plus excreted iron.
“'hon corrected for decay, these data revealed that even in
constipated patients the retained activity was essentially
“gonltant after 1 week (Fig. 1). It was possible, therefore,
to set up a routine method of analysis whereby the patient
was counted for 200 seconds immediately after taking the
radioactive iron and again only on the seventh day. With this
>::thod, it was then possible to minimize the amount of time
;géquired for the determination. Both counts were related to
 i sealed standard containing an awmount of iron equivalent to
that ingested by the patient to correct for radioactive decay.
An additional 56 patients were studied using the latter method.
'Clinically, the 66 subjects were classified as follows.

Thirteen were normal or had received previous parenteral
or oral iron medication. At the time of this study, they all
had hemoglobin values that were considered normal.

Nineteen of the subjects were considered to be anewmias
secondary to acute infections (all had had previously normal
.hemoglobin deterwinations and were found, during an acute

.}nfoction, to have unexpected anemia).

=339~
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P

, Three patients had anemia secondary to various leuke-

naﬁo, and 3 have varieties of polycythemia (1 polycythemia
”fnbra vera, 1 polycythemia secondary to pulmonary disease

1ugvh1ch infection was a component, and 1 familial eryth-
gﬁgecytOlil).

Twenty-eight patients were considered as typical hypo-
cﬂ?onic anemias. Four of these were Spanish-Awmerican chil-
,af;n, who had been fed milk by breast or bottle as their

ié;;j source of nutriment for over one year and were compul-

| gisg dirt eaters, and one (G) was a 7-months pregnant woman.

Results and Discussion

“";if' Figure 1 shows Fe>? retention curves typical of 4 dif-

’fi?ont conditions. One is for a normal healthy man, and
anéfher for the same man after 500 ml of blood had been with-
Hdéiwn by venasection., The third is for a moderately hypo-
:ggéo-ic anemic adult woman, and the fourth is for a severely
ktqduic dirt-eating child with a 4-g hemoglobin. All curves
appear to be a composite of two exponential lines, one
representing fecal transit time of the unabsorbed intra-
intestinal iron dose, and the other (with no appreciable

slope) representing the retention of the Fesg

absorbed f{rom
the intestinal tract. Contribution of the first exponential
 to the over-all excretion curve becomes insignificant at

-341-
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about the fifth day, thus allowing use of the seventh day

as the time for the second (and last) count as a measure of
iron absorption.

Iron59

absorption is contrasted with whole blood honoglo;
bin in Fig. 2. A rough correlation exists between iron

absorption as weasured by this method and the hemoglobin

values of the hypochromic patients (H) without infection.
Patients recovering or still suffering from various acute or
chronic infections (I) do not appear to show any enhance-

ment of iron absorption above that seen in the normal pa-

tients (N). The anemic leukemic patients (L) likewise did
not show increased iron absorbability. Polycythemic pa-
tients (P) stand out remarkably because of their high he-oglo;
bin and increased iron absorption. The one patient (PI)

with polycythemia secondary to chronic bronchiectasia and

degenerative emphysema does not show this phenomenon. It

)
3
<
=

the explanation fo: this example of increased absorption in et

polycythemia rubra vera is etiologic, then rate of 1nte.t1n&$r
absorption of iron would be a much simpler method of dif-

ferentiating it frow secondary polycythemia than present
methods.

. 40 TK I T A

The only pregnant woman studied (G) had a 11.35-g hemoglo--

59

bin and absorbed 99 per cent of the Fe“ tracer dose. At

parturition two months later, the placenta was preserved so

|

_3ea. : |
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that it, the mother, and the new born child could be radio-
assayed on the day the child was discharged from the hos-
pital. At that time the mother was found to have retained
48 per cent, the placenta 10 per cent, and the child 23 per
cent of the original dose. The mother had heworrhaged
heavily requiring a post-partum transfusion, probably ex-
plaining the deficit of 18 per cent. It would seem, there-
fore, that this 18 per cent should be added to the maternal
percentage, making her net absorption at the time of
administration of the dose 66 rather than 99 per cent.

The poor correlation between hemoglobin and iron absorp-
-tion led to an attempt to relate absorption to serum irom
content. Figure 3 shows the correlation in the first 12 pa-
tients for which serum iron levels were obtained at the time
of oral administration of the tracer. Additional cases are
being obtained with serum iron and serum iron binding
capacities in order to test the apparent exponential rela-
tionship which Fig. 3 seems to indicate. The patient with
less than 2 per cent retention and a serum iron of only
27 pug had chronic pyelonephritis, chronic menstrual blood
loss, and poor nutrition. This case illustrates that intes-
tinal absorption of iron is not necessarily correlated with
the serum iron level or bodilv need for iron as postulated

by Granick (2). Whether this failure to absorb iron is due

-344-
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il

to a true '"mucosal blockade" in this case cannot be deter-
mined by this method. The method shows, however, that oral
iron medication would be useless in such a case of hypofer-
remia. Since serum iron was not determined, the apparent

failure of F059

absorption in the infectious cases (I) and
in the leukemia patients (L) cannot be discussed frowm the-
point of view of apparent iron need. However, upon recovery
from their infection, the majority of cases of uncomplicated
acute respiratory infection showed a return to normal
husoglobin levels without iron therapy. In those infected

cases given oral or parenteral iron therapy, hemoglobin

recovery did not seem to be hastened, apparently since their

iron stores were not depleted. These observations seemed

particularly true in cases of acute and subacute hepatitis.

Conclusions

The whole-body counting technique for determining per
cent retention of an orally administered tracer dose of -
!059 appears to be a facile means of measuring absorption of
orally administered iron. The preliminary study reported
here has revealed that there are many facts about intestinal
iron absorption in various diseases and normal physiologic
states which warrant further investigation. The apparent

lack of iron absorption in the anemias of the three leukemia

-346-
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and in acute infections is not understandable in the light
of present knowledge. The remarkably high iron absorption
by the pregnant woman and the large proportion of the oral
dose found subsequently in the placenta and infant emphasize
the need for more data on oral iron retention in pregnancy.
The increased sensitivity of the new human counter now under
construction will provide accurate nensur;nents of F959
uptake with doses of less than 0.1 pc. This will permit

such studies to be made more safely and more frequently in

young persons and in early pregnancies,
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Clinical Applications of Whole Body Sciptillowetry, II.
A _Comparison of Three Different Methods of Determining Reten-
tion and Thyroid Uptake of Orally Adwinistered I >~ (C. C.
Lushbaugh and P. S, New)

Introduction

Although studies of thyroid uptake of 1131

constitute

the largest single use of radioisotopes in clinical wedicine,
;1 these studies are commonly inaccurate and difficult to
interpret. In spite of recent attempts to standardize
techniques (1), only the extremes of thyroid dysfunction are ..
universally detectable or interpretable because of inhereant
errors in the methods of wmeasurement. Overcowing these
sources of error, which are largely geometric, would appear '
to be possible by measurement of the entire body rather than -
the gland itself., Positioning the whole body would not be N
as difficult as positioning the pock, and the initial vholoA
body count could be used as the 100 per cent dose, thereby .
making each patient his own standard and eliminating the ~ -
error of self-absorption,

iy Two instruments for determination of radioactivity in
§

the whole body are presently available. The one most commonly

- ~mradad e B a W BB soon 2mddda ammadal scccomlad sddbh 00000
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iné@p locally as the "Los Alamo:s Human Counter' and desig-
qgt;a Humco I.

| &§Couplrisonl of whole body counting with conventional
tbég} counting of the gland itself (1), as a method for de-
t;fzination of thyroid 1131 retention, were followed in
1? ﬁit1onts chosen at randow using a 9 x 6 in. sodium iodide
ciiiéal, the whole body liquid scintillation counter, and a

Smi“a in. collimated sodium iodide crystal placed over the

Methods and Materials

iviaiﬁly (2-4). Both the 9 x 6 in. and the 3 x 3 in. crystals
vagc%-ounted on an adjustable trolley and enclosed in a

-r'” :> room 10 x 10 x 7 feet in size in order to achieve a
‘?giég.lckzround. In these experiments, only a single channel

| aniivzor was used with the crystals. The lower gate dis-
cri-inator was set at 260 kev so that no pulses were recorded
vhtch fell below that energy, thus eliminating most of th‘!
Ivﬁﬁinergy back scatter. The liquid scintillation counter,
botgg unable to detect soft gamwa rays below 500 kev, recorded
oq!f;the 640 kev emission of 131, While these ewissions

gy,

ssented only 10 per cent of»thofteﬁal?iliai?GQSFiimaiﬁf“
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from 1131

» the efficiency of the liquid scintillometer was
high enough to detect changes of the same order as detected
by the sodium iodide crystals.

Table 1 shows the clinical classification of the
17 patients and the number of determinations made. They

wore given 1.5 to 3.0 pc 1131

as carrier-free sodium iodide
by wmouth, and each group of 3 patients was related to a
"neck" phantow which contained the aame amount of I3l
adaeinistered to the patient. This phantos, modeled after
Brucer (1), consisted of a Lucite cylinder 12.5 cm in
diameter and 18 cm high with a well inside large enough to
accommodate a plastic test tube containing the 1131 in a
voluwe of 25 wl. The anterior surface of the tube was

1.3 cm from the surface of the cylinder. This phantoms stand-
ard was counted each time the patient was radioassayed in
the scintillation counter or by the 3 x 3 in. collimated
crystal. It was not used in conjunction with the 9 x 6 in.
crystal, as the stability of the background here allowed

for sathesatical correction for isotopic decay after the
initial radioassay of the patient. The patients wers assayed
as soon as possible after adeinistration of the dose (5 to
30 minutes) and at daily intervals for about 14 days. The

9 x 6 in. crystal surface was 90 cm fros the thyroid cartilage,

the lumen of the stomach, and the surface of the thighs (Fig. 1
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The 3 x 3 in, crystal was at first used 10 cw away from the
thyroid or phaantom, but later was used at the more clinically
acceptable distance of 25 cm. Neither the crystal nor the
patient was filtered by the commonly used "A" or "B"

filter (1). The data were processed using the following

formulas:

LIQUID SCINTILLOMETER

Patient counts - Patient background -
Machine bacgground

Standard counts - Machine background

Per cent Retention =

%9 x 6 IN. SODIUM IODIDE CRYSTAL

gper cent Retention = Gross patient counts - Machine background

E el

Initial patient counts (net), corrected
for physical decay of 1131

3 x 3 IN. SODIUM IODIDE CRYSTAL

Neck counts ~ Machin
Standard counts - M§

Per cent Uptake =

Results and Discussion

Only 14 of the 20 determinations were completed with all
3 counters. These results are tabulated in Table 2, along
with some pertinent clinical information. A typical reten-

tion versus uptake study is shown in Fig. 2 to demonstrate

-353-~
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the correspondence usually obtained between whole body re-
tention and direct uptake by the thyroid. The whole body
‘retention line is sometimes slightly lower than the thyroid
;pptake line. In this case, both lines appear to extrapolate
’gio the same zero intercept of 21 per cent. (This case was
iot included in the original 20 studies.)
~ Figure 3 shows a graphic comparison of per cent whole
Sody retention and per cent uptake‘by the thyroid, all at

131

48 hours after administration of the I The data indicate

lgeasonably good agreement among the three methods., The major

i 8@lsagreements were in Cases — These cases

re all obvious geometric problems. Case.was an extremely

St

:;nall thin woman who clinically was a low euthyroid who did

" not become clinically hyperthyroid with TSH, as indicated

by direct counting over the gland. Case.showed renal re-

.;ention and abdominal extrathvroid localization of the 1131.

%?ases.and .were the same patient, a—

- with a 30-year-old bone age, who seemed clinically not

to respond to TSH. Case .was a bpll-necked man, thyroidec-
tomized completely 2 weeks before the test, whose neck count
was 25 times his thigh count immediately after an intravenous
;injection of radioiodine and before any localization could
have occurred. This disparity probably resulted from the

« disproportionate size of the vascular bed in the healing
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thyroidal neck area. The correlation with biased clinical
1ipressions (5) was best with the 47 liquid scintillometer.
The liquid scintillator (Humco I) seemed to measure whole
Body retention better than the 9 x 6 in, crystal and
th&roidal binding better than the 3 x 3 in. crystal, prob-
abiy because of minimization of geometric variations.
Correlation between the results of the two whole body count-
ing wethods at 48 hours was good.

* From the practical point of view, a few crude time
studies were made during the actual counting procedures. It
was found that 14 minutes of the patient's time and 5 minutes
:x the technician's time were needed per determination with
tﬁe liquid scintillometer, while 15 to 20 minutes of the
p.tient's time and about 45 winutes of the technician's time
were needed to obtain a final result with the sodium iodide
cgystals.

131 reten-

These studies suggest that radioassay of Nal
tion by the whole body liquid scintilloweter is a valid,
simple, and facile means of determining thyroidal iodine
binding and hence thyroidal function. Additional studies
(this report) in rats and humans, under various experimental
and clinical conditions, extend these observations and support
this conclusion by showing that the per cent retention of
nfally administered iodine in the whole body depends upon

i
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relative need for iodine, thyroidal and pituitary activity,

and renal function.
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Clinical Applications of Whole Body Scintillometry., III,.

Whole Body Retention of Iodine131 as a Method of Studying
Thyroid Function in Man (C. C. Lushbaugh and D, B. Hale)

Introduction

An apparently good correlation between total body
retention of 1131 (measured by whole body counting) 3 days
after oral adwinistration and thyroid uptake (measured in
the conventional way) in the same patient seewms to justify
fufther study of total body retention as a wethod of
determining thyroid function. The previous report (1)

gests that the second of the two components of the reten-
jn curve expresses thyroid binding of 1131 and, there-~
fo;e, is indicative of the level of thyroid activity.
Fd;thermore, the observation that food and iodine depriva-

131

tion in rats increased total body retention of I and

decreased its rate of excretion (2) provides more evidence

that iodine metaboliswm is manifested by changes in whole

body retention of an 1131 tracer. Additional observations

on humans are reported here to demonstrate further how the

131

1 retention function changes with disease, chemotherapy,

and metabolic status,.

| D
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Methods and Materials

The method of whole body counting and other techniques
used in these studies is described fully in the preceding
paper (1). Data on some of the patients described in that
study are used in the present paper along with additionail
data from other patients with normal and abnormal thyroid
function. Only the whole body liquid scintillation counter
was used to measure body retention in the additional patients,
The number of athyroid children studied was increased to 6,
and 1 proven hyperthyroid and 1 hypothyroid case have been
studied. A total of 35 patients have been studied after
oral Na1131 administration; 20 have been studied after

131 131

intravenous 1 -thyroxine and 6 after intravenous I -

o

triiodothyronine. Two additional patients were given Lugol's

solution to study its effect on the rate of excretion of

131 131

bound I . lodine retention by 22 of the apparently

normal patients was followed as long as possible to try to ii

-

establish the mean slope of the final exponential decay rate.

Results and Discussion

The results of these studies are presented graphically

in Figs. 1-8. The total body 131

retention patterns, de-
picted in Fig. 1, show that the retention curve can vary

widely from the normal in diseased states and way be influenced
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by therapy (e.g., tapazole). In both norwal and abnormal

@g

cases, the whole body retention function is the sum of
2 exponentials, as indicated in Fig. 2, which shows 1131
retention in euthyroid and athyroid children.

The first exponential (A) represents the rate of
urinary excretion of unbound iodide, as shown by quan-
titative urine collections during the first 24 hours after
oral administration of the tracer. All but a minute trace
of the iodine excreted during this time is inorganic (3)
and represents effective renal cowpetition with the thyroid

for unbound 1131

in the serum. These data also show that
the half-times of excretion of unbound iodine by normal
children and children thyroidectomized for cancer were
approximately the same, 8.4 and 9.6 hours, respectively.
In all the cases studied, this half-tiwe varied between

7 and 22 hours. It appears to be prolonged by poor renal
function as in chronic pyelonephr .tis and other remnal i
diseases. The second exponential (B) represents the amount -

of orally administered 1131 incorporated in the bound iodine

i

cycle (3,4). The slope of the second exponential reflects
the rate of urinary loss of iodide freed frow the bound
iodine pool as the labeled hormones are utilized and de-

graded.

An attempt was made to use retention data from
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22 supposedly normal patients to establish the average
normal rate of turnover of the bound iodine pool (compo-
nent B)., Collection of data, however, was too sporadic to
permit establishment of the half-time with satisfactory
accuracy. It was possible only to say that the slope
appeared to represent a half-tiwe of between 40 and 50 days,
corresponding to a rate of bound iodine loss of 1.4 to

1.7 per cent per day. A half-time of about 50 days is
consistent with values reported in the literature (3,4)

and is assumed to be the proper one to use in this report.

131

Figure 3 shows the average 1 whole body retention

by 6 normal subjects when the tracer was adwinistered

131

intravenously as I -triiodothyronine, and Fig. 4 shows

its average retention when injected into 20 normal people

131

as I -thyroxine.

When the tracer 1131 is

introduced into the cycle as

a label on the thyroid hormones, the whole body retention
patterns change and their exponential components appear to
be the utilization rates of these products of thyroidal
activity. Two components are seen following administration
of labeled triiodothyronine (Fig. 3), a rapid early one (A)

representing the amount of 1131

tracer excreted after intra-
cellular degradation of the hormone, and another (B) show=-

ing the amount of tracer recycled through the thyroid bound

-366-

054854 CANL

-fo

00131487.364



*sjuarled proxiyina 03 auTuocIAYylocporiJal

lﬁnﬁm S® UOT}BVIISTUTWPE SNOUIARIIUT JI3JFe ﬁmmm JO uorjuajlax Apoq B8IOUM

(SAVA) INIL
i 2l ol 8 9 e

_. _ _ | |

rl‘lll"'l."

ANINOYAHLO0QONYL o1

___4N
o

RERE

A ]

00131487.

00l

GB8hGO |

‘g "31a

ol

)

m

5 m

0z 2 >

0 -

o o0 O

m2

39

“

~367-



iodine pool. The first exponential has a half-time of
1.4 days and the second a half-time of about 50 days, as
previously reported for the rate of turnover of bound iodine,
The rate of iodine excretion in (A) appears to be deterwined
by the rate of utilization of triiodothyronine which frees
iodide (3,4).

The total body retention line following administration

of I131

-thyroxine (Fig. 4) appears to show three exponentials:
the first (A) with the same slope as the exponential (A)

in the triiodothyronine study; a second (B) with a 7, 5-day
half-life; and a third (C) with approximately a 50-day half-
life. Exponential (B) may represent the rate of urinary
excretion of iodide after intravenous breakdown of thyroxine
to triiodothyronine with the liberation of an iodide ion (3).
This rate of excretion is determined by the rate of degrada-
tion of thyroxine which the line, therefore, represents.
Presence of the first exponential (A) implies contamination
of the labeled thyroxine with labeled triiodothyronine, since
such a rapid utilization rate (1.4 day half-time, see Fig. 4)
could not be determined by whole body counting if the‘compound
being used was formed at a slower production rate (7.5-day
half-time) by a "mother" substance. Exponential (C), again,
represents the fraction of iodide freed after thyroxine and

triiodothyronine utilization, and recycled through the thyroid
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pool instead of being excreted at once by the kidneys.
It would seem from these studies that the final whole
body retention line, therefore, represents the binding

131

capacity of the thyroid and cycling of the I tracer as

iodinated thyroglobulin, thyroxine, triiodothyronine, di-

iodotyrosine, and free iodide as diagrammed by Riggs (3)
and Werner (4).

Figure 5 shows how the rate of turnover of the bound *%
iodine pool may be increased in a normal person by increas-

ing intake of stable iodine. Dilution of the 1131

tracer
in the enlarged free iodide pool decreases the per cent of
tracer that can be bound by the thyroid and forces its
excretion along with the increased urinary excretion of the
stable iodide. 1In this case, 150 mg of iodine (as Lugol's
solution) per day in an 85-kg woman decreased the half-time £
of this exponential from about 55 to about 20 days, so that
the apparent turnover rate changed from 1.3 to 3.5 per cent
per day. o

131

Figure 6 shows Nal uptake and retention by the same

(hypothyroid) patient before and after administration of
thyroid stimulating hormone (TSH). Treatment was administered

on the day preceding ingestion of the 1131. The data show

4

that TSH definitely increased the relative size of the bound

iodine pool and suggest that whole body retention of 1131

ommguumj
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is an indication of the thyroid binding activity at the time
of absorption of the tracer.

= When considered altogether, these studies appear to
support the following conclusions:

131

1. Unbound 1 , after gastric absorption, is ex-

creted rapidly by the kidneys (half-time 7 to 10 hours).

131

2. Bound I , after entrapment by the thyroid gland,

is lost slowly by the urinary route (half-time about 50 days).

131

3. The rate of urinary loss of 1 from the bound

iodide pool is determined by (a) daily iodide intake;

(b) size of free iodide pool (specific I131

activity);
(¢) thyroid binding activity; (d) rate of conversion of thyro-
,jibulin to thyroxine; and (e) competitive ratio of renal
function to thyroid function.

4. The per cent of oral tracer dose retained by thyroid
binding is dependent upon the same factors as in (3) and ex-
presses the equilibrium state of the patient's iodine

131

mefabolis-, which can be studied by whole body 1 retention

measurements.
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Iodine131 Retention in Normal and Starved Rats (C. C. Lush-
baugh and D. B, Hale)

Introduction

Iodine131

uptake by the thyroid gland of experimental
animals is difficult to determine because of the small size
of the gland in relation to the counting apparatus and the
resulting large errors due to geometrical effects from
wovewment of the animal during measurement (1,2). Thyroid
uptake in swall animals is, therefore, commonly done by re-
moving the thyroid and radioassaying solutions of the gland
obtained after digestion (3,4) or by counting the whole organ
sn a Texas well counter (5). A scintillation well counter
large enough to hold an entire rat makes possible repeated
reproducible measurements of iodine retention in the whole
body without the need for sacrificing the animals. The Los
Alamos swall animal counter, described in detail elsewhere (6),
has proved to be ideal for this purpose. If the ratio of
thyroid and extrathyroid iodide in the rat becomes constant
as it does in the human being (7), then thyroid uptake in
rodents could be determined by whole body counting, as in the
human (8,9). The following experiments were done to inves-

tigate this possibility.
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Methods and Results

Eighteen Sprague-Dawley male rats, weighing approximately
300 g, were given 1 uc Nallal. Nine received the isotope
orally and were allowed food ad libitum. The other nine were
given the dose intraperitoneally and were starved throughout
the experiments. A reference standard was made using the

dose of 1 uc NaIlal. The rats were counted at once after

administration of the dose and at approximately 4, 10, 24,
50, 60, 70, 84, 96, 105, 120, 144, 168, and 195 hours after-
ward. The data were expressed as per cent of the standard
dose retained (converted to per cent of the original dose for
each rat).

On the 6th day after administration of the dose, the
starving rats were killed and their thyroid glands removed
by extirpation of the trachea, thyroid, and adjacent tissue.
The animals fed normally were not killed until the 8th day.
After removing the thyroid glands, the carcasses were re-
counted in order to determine the partitioning of the retained
per cent of original dose in the thyroid and extrathyroid:
tissues.

Figure 1 shows the average daily per cent retention of
Nallsl for the two groups of rats plotted semilogarithmically.
After 3 days, the per cent retention began to decrease as a

single exponential line. V¥hen this exponential line (designated B)
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was subtracted from the (heavier) total retention curve, a

second exponential line (A) was found. Serum radioactivity
was high in the nonprotein fraction of the blood during time
exponent A was dowinant, but present only in the protein-

bound fraction when exponent B was operational. The param-
eters of the excretion functions for the individual animals
are summarized in Table 1. Assuming the exponentials of the
retention functions represent wmetabolic pools, the turnover

rate and wmean residence time for 1131

in each compartment are
given. In determining the averages, rats 2 and 8 in the
normal group were omitted on the basis that the size of
compartment B, as judged by the zero intercept, placed these
rats (which appeared ill late in the experiment) with the
"starved" group. They were also omitted from the averages

in Table 2, which shows the 1131

content (in per cent of ad-
winistered dose) of normal and starved rats before and after
post mortem thyroidectomy. The difference in body content be-
fore and after thyroidectomy is assumed to be a measure of the
extrathyroidal iodine, 1In terms of per cent of adwinistered

131

dose, whole body retention of 1 , extrathyroidal iodine,

and thyroid bound iodine were all increased by starvation.

Discussion

The results show that the normal rat "picks up" 8 to
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131

TABLE 1. Parameters of Whole Body Nal Retention in Rats

Zero Intercepts Half-Times Turnover Mean Time
(%) (hrs) (%/hr) (hrs)
Group A* B* A B A B A B

Normal Rats

1% 90 9.9 9 185 77 0.37 13.0 267
(2) 73 29.0 9 189 77 0.37 13.0 273
3 88 12.0 9 149 77 0.47 13.0 215
4 92 8.3 8.5 159 82 0.44 12.3 229
5 85 15.0 9 174 77 0.40 13.0 251
6 89 11.0 7.5 157 92 0.44 13.3 227
7 88 12.5 9.5 207 73 0.33 13.7 299
(8) 72 28.0 9.5 160 73 0.43 13.7 231
9 77 23.0 10 164 69 0.42 14.4 237
Average 87 13.0 9 171 78 0.40 13.0 248
Starved Rats
1 62 38 12 585 58 0.12 17.3 844
2 69 31 12 865 58 0.08 17.3 1248
3 82 26 11 515 63 0.13 15.9 743
4 67 33 8 225 87 0.31 11.5 325
6 73 27 13 271 33 0.26 18.8 391
7 64 36 12.5 307 55 0.23 18.0 443
9 57 34 11.5 222 60 0.31 16.6 320
Average 65 35 11.4 427 62 0.21 16.5 616

x
A = First exponential line (rate of excretion of unbound iodine);
B = Second exponential line (rate of excretion of bound iodine).

¥
( ) Omitted from average.
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TABLE 2. Effect of Starvation on Whole Body Retention and S

%
Distribution of 1131 in Rats ]

Whole Body Retention
Before After Thyroid Concentration

Thyroidectomy Thyroidectomy % of Original % of Retained
Group (%) %) Dose Dose

Normal Rats (195 hours)

(1

10. 43
Average 6.2 35
Starved Rats (143 hours)

32.0 18.6 . 42
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25.0 15.0 10. 40
19.7 14.0
20.0 12.4

6

0

7 29
.6 38
18.6 7.8 11.1

25.5 12.4 13.1 51
25.0 13.4 11.6 46

Average 23.7 13.3 10.4 44

60

O b W

( ) Omitted from averages.
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; 31
23 per cent (average 13 per cent) of an ingested 1l tracer

iose, Starvation apparently alters the amount which is con-

:entrated by the thyroid and its rate of turnover. Starva-
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those investigators felt justified on this basis to diagnose
hyper- and hypothyroidiswm, respectively, it would seem in
retrospect that these changes in uptake may reflect only the
different specific activities of the unbound iodide pools
after radiocactive labeling and not different thyroid
activities. Before such diagnoses can be made by any radio-
isotopic method, all groups of animals should be wmaintained
on the same known oral intake of stable iodine. The observa-
tion that starving rats conserve orally administered 1131
and hold a greater percentage in the gland may help to explain
the phenomenon of "increased thyroid binding" of radioiodine
in rats exposed to large doses of whole body ionizing radia-
tion (4,12). The increases found by those investigators
would seem to parallel the degree of anorexia and self-
starvation found commonly in the irradiated rodent (13). The

increased retention of 1131

during starvation is remarkably
similar to the increased retention of sodium (14) and potas-
sium (15) 1n'starving heavily irradiated rats.

Studies of whole body 1131

retention in rodents are
feasible using in vivo counting techniques. If 1od1ne.intake
is maintained at a constant level, the per cent of retention
can be used to evaluate thyroid binding activity in swall

animals,
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The Question of Sodium Loss in the Intestinal Death Syndrome

of Radiation Damage (C. C. Lushbaugh, J. Sutton, and C. R.
Richmond)

Introduction

Many hypotheses have been forwulated to explain the
phenomenon of “1ntolt1na1 death”" from radiation damage.
Quastler (1) concluded that the two most probable causes of
death were the "action of proteolytic enzymes and/or loas
of water and electrolytes.” VWhile supported indirectly by
innumerable clinical and laboratory observations of 'cholera-
like" diarrhea, severe dehydration, and systemic toxemia,
and by amelioration of damage by intestinal shielding (2),
intestinal extirpation (3), and massive saline infusion (4,5),
little or no directly supportive data have been found for
either of these causes of death. An experimental evaluation
of the concept of death being due to electrolyte or water
loss appeared posasible by determination of sodium, potassium,
and water turnover rates (6,7) in normal and irradiated ani-
wals. The experiments reported here atteapt to test directly
the hypothesis that large acute doses of whole-body irradia-
tion affect distribution and excretion of body sodium,
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Methods and Results

Effect of Radiation on Gross Distribution of Sodium,--

{fae first experiment was designed to show the effect of

100 rads of 250 KVP X irradiation on gross distribution of

. tracer dose of Nazz. Since gastric retention and apparent
;tarvation are characteristic of heavily irradiated animals,
it was necessary to study also the effect of food depriva-
tion. A group of 12 rats was divided into control and
irradiated subgroups of 6 animals each., Three animals from
each subgroup were deprived of food beginnning 12 hours prior
po the experiment, and the others were allowed food ad
~;bitun. Three animals from each subgroup were irradiated
with 2100 rads of X rays (at a dose rate of 57 r/min) and
all animals, including the fasted and nonfasted unirradiated
controls, were given (via stomach tube) 0.47 uc Nazz in
1'm1 of physiologic saline. Immediately after Na22 adminis-
tration all animals were counted in. the small animal liquid
scintillation counter (8). Twenty-four hours later they were
counted again to determine the per cent retention of the Na22
in terms of the original dose. They were sacrificed immediately
after counting and the per cent of the administered dose re-
tained in the gastrointestinal tract, stomach, small plus

large intestines, blood (10 ml), and carcass determined by

counting in the same counter. The data showing the comparative

e
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effects of fasting and/or 2100 rads of irradiation on the

gross distribution of Nazz are given in Table 1.

TABLE 1. COMPARATIVE EFFECTS OF FASTING AND/OR 2100 RADS
X IRRADIATION ON 24-HOUR GROSS DISTRIBUTION OF N&zz
IN RATS*

Whole-Body G. I. 10 mi of
Retention Carcass Tract Stomach Intestines Blood

Controls
Fed 84 68 9 1 8 7
85 70 9 1 8 7
81 66 9 1 8 7
Fasted 93 76 7 1 6 7
93 77 8 1 7 7
91 75 8 1 7 7

2100 rads
Fed 98 55 38 31 8 5
97 55 36 30 7 5
99 31 67 63 5 2
Fasted 90 73 8 1 7 7
96 76 10 1 9 8
96 77 9 1 8 8

*All results are in terms of per cent of administered dose.

Effect of Starvation on Sodium Retention.--Simultaneously

with the above experiment, 12 animals were used to deterwine
effect of starvation alone on rate of excretion of body sodium.

22

All animals were given a tracer dose of Na via stomach tube

and left on ad libitum feeding for 3 days. At that time, half

-386-
1054g il

00131487.384

RL




of the group was left on continuous feeding and the other
half starved for an additional 6 days. Throughout the 9-day

experiment the total Nazz

retention of both groups was de-
termined by daily whole-body counting. The averaged data
showing effect of starvation alone on sodium retention or
excretion are shown in Fig. 1.

Effect of Irradiation on Sodium Retention.--Since

heavily irradiated animals show gastric retention or fail to
eat, an experiment was designed to compare Na22 retention in
irradiated animals with that of starved unirradiated controls
to see if exposed animals showed indication of accelerated
bddy sodium loss. Five groups of at least 6 animals each
were given Na22 (~1 uc per rat) via stomach tube and kept
on ad libitum feeding for 3 days. Their retained Nazz was
measured daily via whole-body counting. During the third day,
randomly selected groups were given 1000, 2000, 5000, and
isooo rads of 250 KVP X rays (at a dose rate of 57 r/min) and
one group was kept as a control. Periodic measurement of
Na22 retention was continued until death of the irradiated
groups. The average retention of each group as a function
of time is shown in Fig. 2. A single line fits the data for

all groups.,

Effect of Irradiation on Total Exchangeable Sodium.,-=

\Another experiment was designed to determine whether acute
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radiation produced significant changes in total exchangeable

sodium, even though the per cent retention of Na22

did not
appear to be altered. Three groups of 8 rats each were
given N‘22 by mouth and kept on ad libitum feeding for =
approximately 2 days, after which they were deprived of food,
At the same time one group was given an acute exposure of
700 rads and another 2100 rads of 250 KVP X rays. The third
group was kept as a control. Throughout the experimental
period, total retention of Na22 was measured daily and urine
samples collected. The specific activity of urinary sodium
was derived from the Nazz counts and from the total sodium
determined by flame photometry. From these data, the total

exchangeable sodium was estimated by the following expression:

Na =~ _Whole Body Activity (d/sec)
€ Specific Activity (d/sec/meq)

in which the numerator is the body Nazz

activity, and the
denominator is the urine specific activity.

The changes in average per cent retention and total ex-
changeable sodium as a function of time for the 3 groups are

shown in Fig. 3.
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Discussion and Conclusions

The only significant feature of the data in Table 1,
showing the effect of 2100 rads of irradiation on distribu-
tion of ingested sodium, is the fact that a major part of
the dose of Nazz was still in the stomach 24 hours after
exposure, This was not the case with animals fasted prior
to irradiation. These observations indicate that gastric
retention of food by heavily irradiated rats indirectly
influences retention and absorption of orally administered
Nazz. This is not a failure of the absorption process but
rather a matter of physical obstruction in which the sodium
is retained in the stomach along with the food.

The data in Fig. 1 definitely show that food depriva-
tion produces a retention of body sodium and points out the
necessity of comparing sodium excretion by heavily irradiated
animals with fasted controls. When this was done (Fig. 2),
there appeared to be no significant differences in the gross

retention rate of Naz2

by unirradiated rats and those re-
celving acute exposures of 1000 to 8000 rads of X irradii-
tion.

An attempt to demonstrate an effect of 700 and 2100 rads
of X irradiation on the total exchangeable sodium of fasting

rats (Fig. 3) failed to show any significant differences
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between irradiated groups and the control. The data

t‘»

1<scattered badly, perhaps because of difficulties in quan-
ititative collection of 24-hour urine samples and inherent

§£contamination with inert sodium during sample collection

'or during analysis with the flame photometer.

Although these studies are of a preliminary nature,

they show rather conclusively that comparison of gross re-

22 in fasted control and irradiated

tention rates of Na
animals fails to support the idea that increased sodium loss
is either caused by radiation or plays a dominant role in

the "intestinal death" syndrome of massive acute exposure.

%
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Additional Observations on Electrolyte and Water Loss in
Radiation Damage: Potassium = and HTO (C. C. Lushbaugh,
D, B. Hale, and T. T. Trujillo)

Introduction

A recent study (1) using whole-body counting techniques

revealed that, contrary to expectation (2), the heavily X
irradiated rat did not lose sodium ion from extracellular
tissues faster than a starved normal animal. Rats with wmor=-
phologic damage typical of the "intestinal radiation death
syndrome' conserved sodium ion to the same degree as normal
starving animals., Although these experiments seemed to
indicate that sodium loss was not the primary cause of death
in this syndrome, it was thought possible that potassium or
water, if lost, might produce changes in the intra- and extra=-
cellular ratios of potassium and sodium which would be in-
compatible with life. Preliminary experiments have now been
completed in which the possibility of potassium and water

loss was investigated in normal, starved, and irradiated rats,

Methods

Nine rats were given 56.5 uc K42

by stomach tube. Three
were fed ad libitum throughout the experiment, and the other
6 animals were deprived of food but not water for 3 days before

the isotope was administered, Twelve hours after isotope
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administration, 3 of the 6 starved animals were irradiated
V;ith 2100 rads from a 250 KVP Maxitron unit. The dose was
chosen because it was well within the range required to
produce the so-called '"gut syndrome of acute radiation death."
A 2 x 2 in. sodium iodide crystal, in conjunction with a
variable slit analyzer and rate meter, was used to count the
animals during the early phase of the experiment, since the
K42 gamma activity was too high for the liquid scintillometer.
As the radiation decayed (12.5 hour half-life), the crystal
was moved progressively closer to the rat. All animals were
counted under identical conditions and all counts related to
% "standard,"” which consisted of another rat killed after oral
'édministration of 5.6 uc K42 and kept refrigerated throughout

the experiment. After 28 hours, the K42

count rate had sub-
sided sufficiently to allow the animals and standard to be
assayed in the Los Alamos small animal counter. Measurements
were carried out immediately and at 11, 24, 30, 43, 54, 70,
80, 95, and 120 hours after administration of the isotope.
Another group was used to determine the amount of water
lost following 2100 rads of acute X irradiation. One hour,
24, 48, and 72 hours after irradiation, groups of 3 rats were
given 2,923 puc HTO in 1 ml of H20 intraperitoneally. Three

control animals received tritium water but no irradiation.

Three and one-half to 4 hours later (approximate equilibration
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time), the animals were killeq after withdrawing S to 10 ml
of blood by heart puncture. The tritium activity per ml of
body water was determined by vacuum distillation of water

from whole blood and radioassay of 0.5 ml of the distillate

in an internal beta ray liquid scintillometer.

Results and Discussion

Figure 1 shows the exponential rate of loss of K42 by

the normal, starved, and irradiated groups in the first ex-
periment. Table 1 summarizes the per cent retention of the

original tracer dose by the 3 groups at 95 hours after

irradiation, at which time the irradiated group was moribund.

TABLE 1. PERCENTAGE OF K42 RETAINED AFTER 95 HOURS BY NORMAL,
STARVED, AND IRRADIATED RATS

Rat Normal Starved 2100 rads
1l 33.8 75.4 85.2
2 52,4 92.5 82.9
3 56,2 87.4 89.5
Average 54.1 85.1 85.9
054884 -396-
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These data failed to show any significant potassium loss
in the irradiated animals. Their rate of potassium loss was
slower than normally fed controls but essentially the same
as that of unirradiated animals that were deprived of food.
Loss in body weight and changes in total and per cent body
water are contrasted in Table 2, In the 4 days preceding
death from 2100 rads, the rats averaged about 20 per cent
loss in body weight without any discernible loss in per cent
of body water. In order for body weight to have remained
constant at about 70 per cent, 14 per cent of the loss in
body weight must have been water, while 6 per cent of the
loss (3 g in a 250-g rat) was protein and fat.

These experiments appear to agree with previous find-
ings (1), which implied that electrolyte (specifically,
sodium) is not lost at an abnormal rate following massive
acute radiation exposure. The data indicate that potassium,
like sodium, is conserv;a in the starving irradiated rat and
that any water lost is proportional to loss of protoplasm.
These observations would appear to cast additional doubt on
the validity of the concept of electrolyte and water loss
being fundamental to the intestinal death syndrome following
acute radiation exposure,
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TABLE 2. CHANGE IN BODY WEIGHT AND BODY WATER OF RATS FOLLOW-
ING 2100 RADS OF X IRRADIATION

Body Weight Body Water
Initial Final Loss Tritium Activity Total Per
(g) () () (mc/m1) (ml) Cent

No irradiation

275 275 0 14.74 198.3 72,1
254 254 0 16.59 176.5 69.5
293 293 0 14.49 ' 201.7 68.8
Average 70.1
1 hour after irradiation
239 239 0 17.35 168.5 70.5
255 255 0 16,66 175.5 68.8
212 212 0 18.08 161.7 76 .3
.verage 71.9
24 hours after irradiation
266 253 13 16.13 181.2 71.6
245 227 18 19,02 153.7 67.8
246 237 9 17.53 166,7 70.3
Average 59.9
48 hours after irradiation
238 220 18 19.635 148.8 67.6
260 240 20 17.89 163.4 68.1
232 213 19 ) 19,58 149.3 70.1
Average ©8.6
72 hours after irradiation
236 185 51 22,61 129.3 69.9
256 190 66 died before 4-hour equilibration
238 23 35 died before 4-hour equilibration
Average 69.9
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A Stain Modification for Precise ldentification of Three
Connective Tissues (G. L. Humason and C. C. Lushbaugh)

Introduction

The staining wethod of Lewis and Jones (1) has been
modified to combine ammoniacal silver carbonate, orcein in

acid alcohol, and aniline blue following phosphomolybdic

acid. Elastin, reticulum, and collagen can be selectively
demonstrated on the same slide with exceptional clarity.
It has found practical application in problems of pathology
which pertain to vascular invasion and capsular infiltra-
tion by carcinoma, and degenerative diseases of connective

tissues and blood vessels,
Results

Figure 1 shows photomicrographs (240x) of the staining
charvacteristics as seen in an infiltrating mammary gland
carcinoma (A) and, after addition of orange G to the pro-
cedure, in a thyroid carcinowa (B). These photomicrographs
jllustrate that the small, more easily invaded blood and
lymphatic vessels are devoid of elastic tissue and are often
best identified by the surrounding reticulum and coliagen.
This procedure makes such identification easier than by

other, more common routine methods.

Reference

(1) A. L. Lewis and R. S. Jones, Stain Tech. 26, 85 (1351).

-400-
IGouBEs

00131487.398



Fig. 1. Staining characteristics seen in an infiltrating
mammary gland carcinoma (A) and in a thyroid
carcinoma (B),
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CHAPTER 7

VETERINARY SECTION

Responsibility and Function

The Veterinary Section does no research per se. It is
entirely a service section with the responsibility of supply-
ing and caring for all experimental animals used for biolog-
ical and medical research by the other sections. It is also
the section's responsibility to wmaintain proper healthful
conditions and adequate production and use records for the
entire animal facility,

Stock supplies of mice, rats, guinea pigs, rabbits,
dogs, and monkeys are maintained either by breeding or by
purchase. Supervision, maintenance, and care of the stock
animals are solely the responsibility of the Veterinary
Section personnel. Once animals are placed on experiment,
supervision of care and checking of the experimental results

become the direct responsibility of the research staff member.
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Routine cleaning, feeding, and watering of the experimental
animals usually are performed by the caretaker personnel
under joint supervision of the Veterinary Section Leader and
the experimenter. Routine cleaning, feeding, and watering

are maintained on a 7-day week basis.

Facilities

At the end of this report period, the animal facilities
included 2 mouse breeding rooms; 1 mouse stock roow; 1 dog
room and runs; 1 stock rat room; 1 miscellaneous animal room;

1 wash roowm; 1 equipment room; 1 feed room; 1 kitchen; and

1 office. There is storage for equipment in the sub-basement.
The experimental rooms are located on the laboratory floors
and consist of 4 large rooms (12 x 24 ft) and 6 smaller rooms
(8 x 24 ft).

An addition to the animal facilities is under construc-
tion at a cost of approximately $325,000, The new facilities
include 5 monkey pens with outside exercise areas (maximuw
capacity 50 animals); 19 dog kennels with outside runs (waxi-
wum cgpacity 57 animals); 13 mouse rooms (maximum capacity
40,000 animals); mouse feeding room; dog and monkey feeding
room; dog breeding room; monkey metabolism roowm; dog metaboliswm
room; large animal quarantine room; autopsy and treatment ares;

storage area for veterinary supplies; veterinary office; mouse
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cage cleaning room; mouse bedding and cage storage area; and
locker room for animal caretakers. The addition will be

completed in March 1960.

Animal Stocks

Mice.--All mice used by the Biomedical Research Group
are bred and raised in the animal facility. No purchases
are made from commercial suppliers., Usually only females
are used in experiments. The basic mouse for the production
of the laboratory stock is the RFM purebred strain (brother-
sister mated) whose offspring are randomly wmated to provide

2 RF strain which is used exclusively in routine mouse
experiments, The breeding facilities thus produce all the
stock breeding mice, as well as its own breeder stock replace-
ments. A purebred AKR albino strain is maintained and used
exclusively for special studies. Production is based upon
requested numbers. A randomly mated CFW strain is bred and
carried in the mouse colony primarily for special studies
and correlations with past experiments conducted at a time
when the CFW mouse (obtained commercially) was the standard
animal used in this laboratory. Production is based on the
number requested.

Rats.--The only rats used in the laboratory are of the

Sprague-Dawley strain., These are supplied by the commercial

~405=~
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supplier. Male rats are received in biweekly shipments of
100 animals per shipment., Females are obtained occasionally
on special order.

Dogs.~--The only dogs used in the laboratory are pure-
bred beagles that are bred and raised in the animal facility,
The parent stock was obtained in 1954 frowm the beagle colopny
of the University of Utah project.

Monkeys.--Monkeys have been used in the past only for
special experiments. Stocks have been obtained through the
collaboration of the USAF School of Aviation Medicine at
Brooks Air Force Base. Very few animals have been kept on
hand because of inadequacy of facilities. The strain used
is Macaca wulatta, In the future, increased experimentation
with wonkeys is anticipated in connection with the investiga-
tions of interspecies correlations in the metabolism of
radioisotopes (see Biochemistry Section),

Rabbits and Guinea Pigs.--Rabbits and guinea pigs are

obtained only on request of the experimenters and are

ordered from a carefully selected commercial supplier. The
demand is not great. Rabbits are being supplied by Bunn& Run
of La Puente, California; and guinea pigs are obtained from
Adams Cavary of San Gabriel, California,

105589 -408-

00131487.404



Animal Inventory (1959)

For convenience, the animal inventory is given for the

entire calendar year of 1959 and is as follows:

Mice
RFM Strain
Total number babies born 4,053
Total number weanlings 3,417
Weaning percentage 84.29
Number breeding females 143

RF Strain

Total number of female weanlings 12,147
Number of females delivered for

experimentation 8,586
Number of females in stock 4,890
Number of above being held for

aging studies 1,150
Number of breeding females 1,312

AKR Strain
Total number babies born 3,038
Total number weanlings 2,271
Weaning percentage 74.75
Number delivered for experimentation
females 1,183
males 350
Number of breeding females 126
CFW Strain

Total number of female weanlings 1,631
Number of females delivered for

experimentation 1,631
Number of breeding females 54
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Sprague-Dawley Rats

Total number received 2,923
Number delivered for experimentation 1,328
Number male rats in stock 817
Nuwmber of above being held for
aging studies 377
Beagles
Number bred (o]
Number male beagles for breeding and
stock 27
Number female beagles for breeding
and stock 9
Monkeys
Number in stock (males only) 3

Rabbits and Guinea Pigs

Number of rabbits received 36
Number in stock 18
Number of guinea pigs received 24
Number in stock 10
‘ =408~ LN RS
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