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IRTRODUCTION

. The sclentific work presenﬁed herein has been coded _at the program
and problem levels accqrding' to the sche;ne given on Pages 7 and 8._ In
the report all contributlons to a given problem have been assembled to-
gether without regard ‘bo author or to the administrative organization ex-
cept that the mmber-of the section which did the work is prefixed in each
case. By using this mmber, it can be found on Page 12 what administrative
officer can be approached f;:r information about particular work. This
does not imply either authorship, or scientific credit which will appear
only in final reports issued from this Project. Since only progress in
specific sclentific problems is being reported herein, the cummlative
work of special service units is not given separately. Their contribu-
tions appear or are implied in .the reports on problems in which they par-
ticipated. B

‘ It should be noted that the Quarterly Technical Reports of Thé'
University of Rochester Atcmic Energy Project do not attempt to describe
progress in all of the research programs but only in those in which some

significant results have been achieved.

[
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EXPLANATION OF PROGRAM AND PROBIEM COIES

The scientific work at The University of Rochester Atomic Energy

" Project has been coded at the prcgmm‘and problem levels. The program, in
gemeral, indicate broad fields of investigative or service activities while
the problems indicate divisions of these fields. Although no consistent
method of division into problems was possible, an attempt was made to
achleve a natural d.ivision in the sense that each problem would encompass
& subJject normally written up and generally considered as a unit. The
Program on chemical toxicity of uwranium, for example., has been bi‘oken down
into problems according to the d:ivisions cammonly employed by toxicologists.

The problem codes are not related directly to the administrative or-
ganization of the Project. Consequently, the emallest administrative unit,
the section, may work on more than one of the coded problems. Conversely,
more than oha section may work on the sa.nm coded problem. The administra-
tive organization will be ignored in meking this quarterly report of our
research and service activities, ell material being assembled according to
the program end problem codes. The contribution of each section to a
Quarterly Technical Report will be prefixed by the section number, however,
to permit reference to the administrative organization if necessary.

It has not been possible to code thé_ problems sufficiently broadly
to avoid all overlapping. In cases in which various parts of a given ine
vestigation might be coded differently, the whole work was coded according
to its principal subject matter as long as the minor subjects were rela-
tively unimportent. Otherwise, +the work was divided under appropriate

codes. ) F’,‘%[ﬂ . ;
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PROGRAM AND PROBLEM COIES

v."g.
e

X.R. BIOLOGICAL EFFECTS OF EXTERNAL, RADIATION (X-RAYS AND ¥ RAYS)

'X.R.1 Tolerance Studies (dose levels, survival time, gross
and.his‘l‘o-pgthology)

X.R.2 Mechanism of Effects (physiological and biochemical)
X.R.3 Therapy (measures against radiation effects)

X.R.4 Hematology

X.R.5 Gemetics (histogemetics)

X.R.6 Embryology

X.R.7T Bacteriology and Tmmnology

I.R. BIOLOGICAL EFFECTS OF EXTERFAL RAITATION (INFRA-RED & ULTRA-VIOLET)
I.R.1 Flash Burns ' _ .

R.M. BIOLOGICAL EFFECTS OF RADIOACTIVE MATERIALS (CORTACT, INGESTION, ETC,)

R.M. 1
R.M.2 Radon
R.M.3 Thoron

R.M.4 Miscellaneous Project Metals

URANIUM

U.l Physicel and Chemical Properties
U.2 Toxic Effects (description of acute and chronic toxicity)

U.3 Toxic Limits (respiratory; oral; skin; eye; parenteral)
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U.h Fate (distrtbn‘bion end excretion)
U.5 Mechaniegm of Toxic Effects

U.6 Meothods of Detection of Polsoning, Prophylaris, Treat--
ment and Protectiaon

V. Be. EERYLLIUM

Be.l Physlcal and Chemical Properties

Bec2 Toxic Effects (description of acute and chromic toxicity)
Be.3 Toxic Limits (respiratory; oral; skin; eye; parenteral)
Be.4 Fate (distribution and excretion)

Be.5 Mechanism of Toxic Effects

Be.6 Methods of Detection of Poisoning, Prophylaxis, Treat-
ment and Protection

VI, Th. THORIUM

Th.l Physical and Chemical Properties

Th.2 .Toxic Effects (description of acute and chronic toxicity)
Th.3 Toxic Limits (réspiratory; oral; skin; eye; parenteral)
Th.k Fate (distribution and excretion)

Th.5 Mechaniem of Toxic Effects

Th.6 Methods of Detectlon of Poisoning, Prophylaxis, Treat-
ment and Protection

VII. F. FLUORIIE

¥.1 Phyeical and Chemical Properties
F.2 Toxic Effects (description of acute and chronic toxicity)

F.3 Toxic Limits (respiratory; oral; skin; eye; parenteral)

CLERASSFL:.
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VIII,

pan

F.t Fate (distribution and excretion)
F.5 Mechaniam of Toxic Effect

F.6 Methods of Detection of Poisoning, Prophylaxis, Treat-
mand and Protection

S.M, SPECIAL MATERIALS

S.M.1 Physical and Chemical Properties .
S.M.2 Toxic Effects (deecription of acute and chronic to:l.city)
S.M.3 Toxic Limits (respiratory; oral; skin; eye; parenteral)’ -
S.M.l Fate (distribution and excretion)

S.M.5 Mechaniem of Toxic Effect

S.M.6 Methods of Detection of Polsoning, Prophylaxis, Treat-
ment and Protection

I.S, ISOTOFES

I.S.1 Tracer Chemlstry
I.S.2 Radiocautography

I.S8.3 Therapy

0.5, OUTSIIE SERVICES

P,H, FPROJECT HEALTH

H.P, HEALTH PHYSICS

H.P.1 Research and Development

H.P.2 Service
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XIII. C.S. SPECIAL CLINICAL SERVICE

X1V, 1I.N, INSTRUMENTATION (SPECTROSCOPY, ELECTRON MICROSCOFPY, X-RAY AND
NUCLEAR RATTATION IETECTORS, X-RAY DIFFRACTION, ELECTRONICS)

I.N.1 Re_agq.rch and Development
I.N.2 Service

I.8.3 Instrumemtation for Outside Organizations
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ORGANIZATION
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I. DIVISION OF RADIOLOGY AND BIOPHYSICS (3100): William F. Bale

Section Code

3110
3120
3130
3133
3140
3150
3160
3161
3170
3171

Section
Instrumentation
Tracer Chemisiry
Radiation Physiology

Radlation Animals

Radiation Chemistry

Spectroséopy
Radiation Mechanics
Electron Microscope
Radiation Toxicology

Autoradiography

v

DIVISION OF PHARMACOLOGY AND TOXICOLOGY (3200):

Section Code

3210
3220
3230
3250
3260

DIVISION OF MEDICAL SERVICES (3300):

Sectiom
Industrial Hyglene
Blochemistry
In'gestion Toxricity

Pathology

Physiology

Section Head

3310

Section

Industrlal Services

Administrative Head

John B. Hursh

Leon L. Miller
Thomas R. Noonan
Thomas R. Nooman
Kurt Salomomn .
Luville T, Steadman
Francis W. Bishop
Francis W. Bishop
J. Nevel!.l Stammard

George A. Boyd

Harold C. Hodge

Administrative Head )

Herdbert E. Stokinger
William F. Neuman
Elliott Maynard
James K. Scott

Aser Rothstein

Joe W. Howland

Administrative Head

J. Russell Hayes
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Section Code Administrative Head

3312 Clinical Problems Joe w,_waland_ .
3320 Health Physics Herbert E. Mermagen
3330 Project Medical Service Joe W. Howland

3340 Medical Research Joe W. Howland

3350 Radiation Therapy Leslie R. Bennett
3351 Hematology Marylou B. Ingran
3390 Photographic Service Robert L. Hay

IV, DIVISION OF DIVERSIFIED PROBLEMS (3400): Henry A. Blair

Section Code ~ Section Administrative Head
3410 ‘ Mouse Genetics Tonald R. Charles
3420 Hematology lawrence E, Young
3440 Protein Metabolism G. Burroughs Mider
34 Eibryclogy Karl E. Mason

James G. Wilson
3442 Immmity o William 1. Bradford
3450 Flash Burns Herman E. Pearse
3460 Theoretical Problems W. Burkett Mason

130162
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PROGRAM X.R.

BIOLOGICAL EFFECTS OF EXTERNAL RADIATION (X-RAYS AND O/RAYS)

Problem Code: X.R.1 (Tolerance Studles)

Section Code: 3130

Comparison of Histopathological Effects of Radiation in Adult and Weenling

Rats Subjected to 800 r Acute Total Body X-Rediation:

Background: Previous work in this laboratory has shown that rats #elgh-f
ing 50 grams (weanlings) had & mean survival time of approximately 3 days, o
as compared with epproximately 10 days for adult rats, after an acute dose of_
800 r whole body x-radiation. Thie difference in survival time between vean-

ling and a.dult rats tended generally to decreese as the dosage was 1ncrea.abd._

PP NY

It became of interest, therefore, to investigate possible differences

in histopathological effects between weanling and adult rats with a dosage

RN

sl
~ ey
IS ARA)

that produces a marked difference in survival time between the two groupé;
To this end the following preliminary experiment was carried out. A

general summary of the results is presented.

Method: Fourteen adult and twelve weenling male albino rats were sub-

v

Jected to an acute dose (800 r) of total body x-radiation (unfiltered) given

at the rate of 70 r per mimute end with & target skin distance of about 23 ,'
inches. Two adult and two weanling male albino rats were sacrificed for s
control tissues, and were not radiated.

The weights of the adult experimental rate before radiation ranged

from 320 to 458 grams, with a mean of 380 grams. The weights of the wean-

ling experimental rats before radiation ranged from 52 to 64 grams, with a s

mean of approximately ST grams. o ,’L_

"UR 00782



m.stopatholcgi@ gstudies vere made on selected organs taken from rats
sacrificed at various intervals of time after radiation. In the adult
group, two radisted rats were sacrificed on the 1lst, 2nd, 3rd, Lth, 6th, 8th,
and 10th days after radiation. In the weanling group, two radiated rats
were sacrificed on the lst, 2nd, and 3rd days after radiation, and one rat
on the Lth day. Five weanling rats died during the night between the 3rd
end 4th days and were not suitable for study. No deathe occurred within 10
deys in the sdult group. |

Organ samples tak:en routinely for histopathological sectioning and
examination included generally: gubmaxillary lymph nodes, abdcminal lymph
nodes (cecal), spleen, liver, testes, stomach, duodemm, Jjejunum, 1leum,
colon, femoral bone marrow (shaft and distal end of the fenﬁzr), and samples
of grossly visible abnormalities. These tlssues were fixed in Bouints e_qln.-.
tlon and stained routinely with Harris: hematoxylin and eosin. Additional
samples of liver were fixed in alcqhol-fornnlin and stained. for glycogqn
with Best carmine. Otﬁer semples of liver were fixed in 10 per cent for-
melin end stained for fat with Sudan IV.

Results: Control and radiated weanling rats showed little or no
stainable fat in the liver. Control adult rats revealed small amounts of
stainable fat in hematic cells. The amounts increased slightly in radiated
adults on the 1st and 2nd post-radiation daye, became mdera.te.or moderately
marked on the 3rd day and in one rat on the 4th day, and decreased thereafter,
the adult rats on the 10th day showing little or no stainable fat in the
liver.

Amounts of stained liver glycogen were marked in adult and weanling

control rats and in all rats sacrificed on the lst and 2nd post-radiation




Lt

)

1

r

s

days. Marked and moderate reductions in glycogen content were found on the
3rd and 4th days in weanling rate and on the 4th and 6th days in adult rats.
One adult rat on the 8th day, end one on the 10th day, revealed marked re-
duction of glycogen, while their adult partners at these times showed no
significant reduction in liver glycogen. The portal reglions of the hepatic
lobules were those mainly affected in this respect.

The stomach revealed no marked and consistent changes. Mitoses
appeared depressed during the first two days after radlation, and a few of
the radiated weanling rats revealed emall numbers of degenerate mucosal epi-
thelial cells. One adult rat sacrificed on the 2nd day showed & emall mmber
of degenera.te epithelial cells and mild acute mucosal inflammation, and
another revealed & small number of cystic glends. One adult rat on the 6th
day showed mild submmcosal hemorrhages in the pyloric region of the stamch.

Non-speciﬁc changes in the intestines consisted of bacterial infec-
tion and marked mmcosal necrosis in the small intestine of one radiated
adult rat sacrificed on the 8th day, and mild inflammation and submucosal
hemorrhage in the large intestine of one radiated adult rat sacrificed on the
6th day. |

Radiation changes in the intestines coneisted generally of early de-
Pregsion of mitotic activity and subsequent swelling end distortion of basal-
gland cells, followed by frank degeneration, necrosis, and desquamation of
basal epitl:elial cells, formation of rcysticr glands with disorgenization of
the micosal pattern and relative decrease in amount of mucosal epithelium,
and finally, return of mitotic activity and regeneration of epithelium. The
intestines of wea.xﬂ.ing and adult rates were essentially or practically normal

on the kth post-radiation da.y

UR 00784



In general, the proximal portions of the intestinal tract, such as duo-
‘dsnum and jeJjunum, showed greater change than more distal portions gf the
tract such as the ileum and colon.

Intestinal changes were often mildly of moderately greater in degree and
extent in the weanling rats than in the comparable adult rats, and progressed
more rapidly in the former.

The effects of radiation in the hemopoietic organs involved chiefly the
destruction, cessation of production, and decrease in number of parenchymatous
cells, with atrophy or reduction in size of the organs.

Hypoplasia and atrophy of the lymph nodes and spleen‘were very marked
in radiated weanling rats by the 3rd day, but were generally never more than
moderate in degree in adult rats, with some indication of regeneration in the
latter animals on the 6th, 8th, and 10th days.

Moderately marked extramedullary hematopolesis was found in the spleen
of control weanling rats. In the radiated weanling rats these cells were
markedly reduced in number along with the lymphocytes by the 3rd post-radiation
- day, when the bone marrow was also almost extremely hypoplastic. The adult
control rats and adult radiated rats sacrificed in the first 6 days after
radiation revealed no appreciable extramedullary hematopoiesis in the spleen.
Ad.ultibone marrow did not reach the stage of almost extreme hypoplasia until
about the 6th day. On the 8th day, focl of extramedullary hematopoiesis were
found in the spleen of adult radiated rats, and this increased to a moderate
degree by the 10th day. Also, considerable regeneration of bone marrow
elements was evident, beglnning in the marrow of the femoral shaft, in adult
rats on the 8th and 10th post-radiation days. At comparable times, hypoplasia

of bone marrow was mildly greater in weanling rats than in adults.

CoReEEEE UR 00785
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Altered blood pigment, zpparenmtly hemosiderin, was present in small and .
moderate amounts in the spleen of adult control rats and adult radiated rats
sacrificed on the lst and 2nd post-radiation days. The emounts of this pig--
ment incressed to moderately merked and marked degrees on the 3rd and kth
post-radiation days, the increase being largely apparent and relative to
decrease in the size of the spleen. After this time, when the spleen tended
to return toward normal size the amounts of hemosiderin approximated those
found in adult control spleens. Smzll amowmnts of hemosiderin w_erl found in
the spleen of control weanling rats, but this p‘igment was not found in radiated
weanling rat spleens.

Hemorrhagic manifestations were found in lymph nodes and femoral ‘pone_
marrow. Bone marrow hemorrhage was & relatively early change, é.ppa.x_'eni'; ;)n
the 3rd day, and was moderate in degree in weanling marrow and only slight
in adnlt marrow. Hemorrhage was preceded by congestion. On the 4th day
bone marrow hemorrhage in both groups was mild. The rats sacrificed after‘ this
time, all adults, revealed no appreclable mArT OV hemom"hage, but congestibn
continued to the 6th day.

Iymph node hemorrhage was & later manifestatlon and was therefore found
only in adults, especially in memy of those sacrificed on the 6th day and

thereafter, ranging in degree from slight to marked.

. A

Testicular changes following radistion imvolved chiefly the dagem;bib
and decrease in number of spermatogonia and spermtocy‘%es, and degener&tibn.
of spermatide. At compareble times, that is, within the first 4 daye after
radiation, the total testicular change was considsrably greater in weanling

rats than in adult rats.

Adult control rats had normal and mature testes. Weanling control rats

“ELASSIFIED
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had normal but immature testes whose rather smmll seminiferous tubules were
51111 moderately lacking in relative numbers of spermatids and contained no |
spermatozos.

Dogeneration and decrease in number of spermatogonia proceeded rapldly
in the testes of weanling radiated rats, these cells being markedly decreased
in number by the 2nd day. In adult rats a compareble stage was reached by
the 3rd day. In the weanling rats ther_e were mild reductions in the numbers
of spermatocytes and many of these cells became degenerate. In the adult
rate only small numbers of spermatocytes bec&m -degenerate and they were not
decreased in number a.ppfeciably. On the 3rd and Uth post-radiation days de-
generate spermatids were rather numerous in weanling rat testes, but were rare
at all times in adnlt rat testes.

Summary and Discussion: Pathological changes compatible with the

effects of x-radiation were produced in the stomach, small intestine, large
intestine, spleen, lymph nodes, bone marrow, and testes of both weanling and
adult rats subjected to 800 r acute total body x-radiation.

Hepatic glycogen was m.rkédly dopressed in amount, especially in portal
reglons of the lobules, in both weanling and adult rats. This depression
occurred more rapidly in weanlings than in adult rats.

There was considerable increase in the amount of stainable fat in
hepatic cells of adult rats after radistion, followed by & decrease. Weanling
rats did not show such an increase.

Radiation changes in the stomach were minimal, and no significant dif-
ferences between adult and weenling rate were found.

The intestinal, hemopoietic, and testicular changes wer‘e considerably

greater in weanling rats than in adult rats at comparable times after radia-

SIFIED
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tion, these changes generallj progressing more rapidly in the former group.

Intestinal change was at & maximum on about the Bi'd post-radiation day,
after which, in a period of 12 or more hours, all weanling rats not yet sac-
rificed died, with buﬁ ons exception. This exceptional case was sacrificed on
the Uth day and revealed practically normal intestines, as did all adult rats
sacrificed on that day and thereafter.

The spleen of weanling rats showed considerable extramedullary hema -
topoiesis which disappeared following radiation, along with the parenchymatous
bone marrow elements. Not only did the adult rats survive the period of maxi-
mm intestina) change, but after the bone marrow became very hypoplastic, on
about the 6th day, extramednllary hematopoietic activity began in the spleen
and regeneration of bone marrow elements began in the femoral shaft. Regen-
erative activity was noted in lymphatic tissmes 2lso on the 6th dey and
thereafter in adult rats.

Hemorrhage, apparently a relatively late manifestation of radiation
damage, vas- observed in the lymph nodes of many of the adult rats sacrificed
after the 4th day.

It would appear that the vulnerable tissues studied were generelly more
sensitive in weanling rats than in adult rats to x-radiation at the dosage
level employed.

The data suggest also the possibility of differences in the mode of
death for weanling rats as compared with adnlt rats at this dosage. None of
the adult rats died spontansously within the 10-day period of the experin;ont ’
however, and no definite conclusions may be drawn until further investigations

have been made. Hematological and body weight data will be reported sub-~

SSIFED

sequent to analysis.
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Problem Code: X.R.2 (Mechanism of Effects)

Section Code: 3150

Moasurements on the Blood Plasma Proteins of Irradiated Rebbits:

Background: The present experiments were carried out as part of & gen~
oral investigation initiated for the purpose of dstermining whether any sig-
~ nificant changes in the organic constituents of blood plasme due to whole body
x-irradiation could be detected by spectrophotomstric measurements. Since
there are a number of organic components in plasme, it 1s apparent that somé
amount of chemical separation is desirable before optical measurements are
made. The proteins in the plasma comprise a relatively large part of the
organic material and measurements both chemical and physical have been made on
the different protein fractions after irradiation, but the results of various
investigations are not in close agreement. The release of toxic substances
from tissue breekdown following irradietion and in traumatic shock has been
frequently postulated on the basis of physiological responses but the chemi-
cal detection and identification of such materials has not been very satis-
factory, at least in the sense that the radiation and traumatic shock gyn-
dromes have not yet been completely explained.

One of the most lmportant considerations in conducting meassurements
on the plasme constituents in smrll animals is the question of the optimmum
time for sampling because of the limited number of blood samples that may be
taken without seriously influencing the course of the experiment. Some indi-
cation of the probable time of maximum effects dus to radiation may be ob-
tained from the various biochemical findings in blood that have been reported.

For the present purpose, the observations may be roughly divided into two

categories, those made durigg a p g

pf 1. tQ & r a sublethal dose
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of radiation, and those mads during the acute stage and immediately preceding

the death of an animal which has received a lethal dose. It has ‘become cus--

AR
3,

tomary, however, to consider the biochemical effects in the latter category~-
as not being primarily dus to radiation but to secondary systemic effects:
brought about by infection or other causes.

Some of the supposedly initial changes that have been observed and
which mey have some bearing on the presert experiments may be listed. The
blood clotting time (1) in rabbits becomes prolonged at 2 to 3 days after
irradiation; this is aseribed to the release of heparin or heparin—lika'qnb--i-
stances from the tissues. The weight loss (2) in rabbits becomes greatest
at about 3 days and thereafter, and may be taken as a rough indication of the
occurrence of tissue injury. The red cell sedimentation rate (3) for dogs
increases rapidly at 4 to 5 days and is ascribed to some as yet undetermined ‘ %

factor in the serum. An increase in plasme histamine (2) in rabbits has -been

" noted within a few hours but the time of maximum increase has not been de-

termined. A temporary decrease of about 25 per cent in the plasra albumin and
globulin at 1 to 2 days after irradiastion in dogs has been reported by PDarvy-
(4). Such changes in dogs were not found by Muntz, et al (5) using electro- -
phoretic methods but no observations seem to have been made after irré.diatio;:
until the Tth day.

From these reports and from the results of the experiments described |
below, it is concluded that the optimum time for making measurements on pIaam; o
proteins in pa.rtj.cula.r, and on cha.ﬁgee in plasm= composifion in general, 1ie a.f
sbout 2 days after a sublethal doss. Furthermore, under these conditlonz any
changes observed may be more readlly associeted with primesry effects of

radiation rather than to secondary effects developing after 1 to 2 weeks.
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However, measurements in the acute lethal period should also be mede and the

changes, which in general are more dramatic, may advantageously be compared
with the sublethal changes.

In the following experiments on measwrements of plasma proteins before
and after total body irradiation, four convemtional protein fractions were ob-
tained by & modified precipitation method employing dialysis. The amounts of
protein were evaluated both by nitrogen determinations and by spectrophoto-
metric measurements in the nltra.violet.

Method: Blood is taken by heart purmcture using a 2-inch, 20 gauge
needle and a 10 cc. Luer-lok syringe. Before use the dry syringe is moistened
with Liguaemin-Roche, an isotonic solution contaiming le mg. heparin per ml.
Then 10 mg. of heparin powder (Hynson, Wescott and Dumning) dissolved in 0.15
ml. of 0.85 per cent Baline solution are drawn into the syringe. The needle
is inserted into the heart and about 12 cc. of blood is removed usumally from
the left side. The noedle is removed from the syringe and the blood is slewly
dlscharged into a 25 mi. Erlenmeyer flask and gently swirled. The blood is
then centrifuged in a gradmeated centrifuge tube for 1 hour and the total
volume of blood and cells are recorded. The plasma is removed and the cells
dlscarded. .

The procedure for the fractionation of the plesma proteins into-several
groups was devised for the purpose of overcoming certain disadvantages in the
existing precipitation methods. The following objectives were desired:

1. The sép&fations shonld be made in such a way as to avoid denaturation
or other changes from the normal state in the animal body.

2. The precipitating reagent should be one that does not interfere with

the subsequent nitrdgen determination.
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3. The method should be applicable to samples of plasma as small as
5 ml.

4. Besides being reproducible, the method should yield fractions whose
protein values in total equal the protein value of the plasma.

It is belleved that these objectives have been attained.

.The method employs the buffered phosphate reagent of Butler and Mont-
gomory (6) and a dlalysis teohnique modified from McMeekin (7). The reagent
is 3.0 M’KHQPOI‘,'KQHPOIL buffered to pH 6.5 prepared by adding 408.5 g
EH,PO), previously ground and dried at 100°C to a 1 liter volumetric flask and
adding Ho0 and 375 ml. of 4.00 ¥ KOH and diséolving with heat. Solution is
cooled, made to volume and filtered.

" In McMeekin's dialysis procedure the protein solution is placed in a
suitable vessel within which is an immersed cellophans bag containing the salt
solution for precipitating the protein. The bag is rotated at slow speed 'a.ntil
equilibrium is reached and the protein is precipitated. In the present method
the dialysis is carried out with the protein solution inside the rotating cello-
rhane bag which is immersed in a bath containing the phosphate solution. The
advantage in this arrangement is that the small volume of sample is more easily
and more quantitatively handled. Dialysis 18 comtinued until equilibrium on
both sides of the membraxie has been reached. The process is carried out at
room temperature which varies somewhat from time to time. Constant tempera-
ture has not been deemed essential since Butler, Blatt, and Southgate (8) found
temperaturg renges as encountered here to be without influence on the amount -
of protein precipitated.

The equipment consists of stirring devices which rotate at 15 fo 20

r.p.m. and to which the dlalysis bags are attached.. The dialysis vessels are

e
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500 ml. tall form, lipless pyrex bea.kers and. cozrtaiﬁ 220 ml. of the phosphate
reagent. Beakers are covered with watch glasses having a center hole to rsduce
evaporation. The dlalysing bags are prepared from cellophans dialyzing tub-
Ing 19 mm. in dlameter and are weighted with a stainless steel pendant.

The procedure here described divides the plasma proteins into four
groups or fractions. Fraction I contains fibrinogen and some of the globulin
of lower solubility. Fraction II consists of euglobulin and some pseudoglobu-
1in. Fraction IIT consists of pseudoglobulin and some euglobulin. Fraction
IV contains the albumin and some pseudoglobulin. This gronpiné of the pro-
telns is according to Butler et al (8). More fractions than these four could
be obtained by employing more dialysing solutions in which the increments of
Poh concentration were smaller then those given here.

In practice, 3 ml. of plasma are diluted vifh 9 ml. of 0.T5 M Poh soln.
and transferred to the bag. In the first fractionation, dlalysis against 1.07
M POL 1s begun as soon as possible after collection of the blood sample end
proceeds for 24 hours. The precipitated fibrinogen 1s separated by centri-
fuging and dissolved in 0.1 M K>S0y solution.

The supernatant is dialysed for 18 hours against 1.53 M POy. The euglo-
bulin precipltate is separated by centrifuging and dissolved in watei'. |

The supernatant from Fraction II is dialysed for 18 hours against
2.46 M POy . The pseudoglobulin or Fraction III is separated by gravity filtra-
tion. It 1s dissolved from the filter with numerous sma.ll quantities of
wvater. Filtration is necessary because the densities of the liquid and pre-~
ciplitate are so nearly the same that centrifuging does not b'ring down the pre-

cipitate.

The supernatant is dialysed for 48 hours against 3.0 M POy, solution and
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albumin or Fraction IV is removed also by filtration. o

The gquantity of protein in each fraction is determined from the nitro-. |
gen by a m:lcro-KJelda.hl procedure using HgO as catalyst. Protein is. estimtad.
as equal to the nitrogen divided by 0.16. The plasme protein is calcula.ted

by determining the total plasma nitrogen and subtracting the non-protein nitro-~

gen. The NPN 1s determined in the filtrate after precipltation of the pla.sm; B

proteins using 2.5 per cent trichloroacetic acid. - S
As an example of the application of the fractionation method dasc:ri‘tmel= |

above, there are presented in Table 1 below the results from the simlta.naous

fraotionat;on of 6 samples from the same specimen of plasme. It my be =

noted that the total protein in the fractions is on the average 83 per-cemt of

the plasma pzroteir;. In practice the protein fraction recc;veries have ofben

been higher than this.

TABLE 1

PLASMA PROTEIN FRACTIORS

Tost | x2H Protein-G/100 ml. Plasma - P N /é
No. |M8% | pragmal 1 | 1 | Irz| v |1 to Iv | Becovery | Bstlo| -

1 | 21 | 640 o6] 055 1.3)3.2] 5.5 86 78|

2 | 25 | 634|033 057|135 35.2] 5.4 85 171"

3 21 6.34 | 045] 07T | 1.4 | 3.5 5.8 92 1.55

v |25 | 627 028|059 15]33] 5.6 88 1.59

5 |22 | 638| oko| 057|124 [32] 5.6 88 1.62

6 25 646 | 0ko| 0.8 | 13|33 5.7 89 1.65

av. | 2% | 637|039 0621333 5.6 88 1.65
o —
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Asa comparison with other methods, it may be observed from Table 1

 that the albumin to globulin ratio is 1.65 for this animal. Anson and Edsall

(9) give the value 1.48 for the rabbit dstermined by electrophoretic means.
In Table 2 below i.s shown the per cent of the plasma protein found in

~each fraction of the same plasma as given in Table 1.

TABLE 2

PER CENT OF TOTAL PROTEIN IN EACH FRACTION

Test Fraction I | = Fraction IT Fraction III Fraction IV
No. Fibrinogen Euglobulin Pasudoglobulin Albumin

1 7.3% 8.7% 20% 51%

2 5.2% 9.0% 21% 51%

3 7.0% 12.0% , 21% 51%

4 IR'T 4 9.2% 23% 52%

5 6.3% 8.9% 22% 51%

6 6.2% 10.0% 20% 52%

Av. 6.1% 9.6% 21% 51%

The ultraviolet absorption spectra of each plasma and its fractions were
obtained with a Bausch and lomb medium quartz spectrograph and sector photo-
meter. .The plasmes and the fractions obtained in solution from the above pro-
cedure were suitably diluted with water to glve proteln absorption curves sx‘zch
that the optical density at the maximum of absorption at 2770 A was between
1.0’'and 2.0. The density of the minimum in the protein curve at 2530 A was
also messured and the ratio of density of the maximum of the absorption band to
the density at the minimm was calculated. This ratio is a rough indication

of the character of the protein sample beca.us'e- it is different for different
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proteéins and 1s altered if soms other material having light ebsorption is present
in the protein sample. The determination of these optical densities on a given
sample is reprodncible within less than 5 per cent.

The optical density of the maximmm of absorption also varies with the
type of protein but the wavelengths of the mexima snd minima of the bands are
very nearly the same for all. Althoﬁgh the optical density ls an indicztion
of the amount of protein present, it is found preferable in analyzing the data
to calculate the absorption per unit of weight of the protein in each sample.
This figure, called D, in the following, should be a constant for each protein
if the character of the sample does not change.

It 1is also found that protein measurements on succesaive blood.} samples
from a normal rabbit show variations which may be ascribed to the effects of
blood sampling and to other physlological changes occurring from time to time. |
Therefore, in the condnct of those investigations on irradiated animals a con-.
panion control rabbit was selected for each irradiated enimml and blood samples - |
vere taken and measurements were made simltaneously on the pair of animals.
The results are thus presented in terms. of a comparison between the irradiated
rabbit and its control.b Three quantities are considsred, the protein vaigh‘f:;
the optical density per unit weight (D), and the ratio of maximum to minimmm
density of the protein absorption curve. 5

The radiation was given to an adult mle rabbit 1ying on its back, »
target to slcj:n-'-distance being 50 cm. A single dose was, with one exception, |
1000 r from a tube operated at 100 KV with a filtration of 0.5 mm Cu and
1.0 mm Al,. This single dose is not lethal for the rabbit. At intervals of
about 28 days the dose was repeated. Ome animal, No. 600, has survived six

doses whereas two others, No. 604% and No. 608, have died after two and three
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‘doses respectively. This procedure gives an opportunity for repeat measure-
ments on the same a.nimil during the sublethal period and then just before the
death of the animal. Blood samples were taken at various times for the measure-
ments .

Results:

Gross Clinical Observations: In animml No. 600, which has survived 6

1rradia£ions , 8light weight iosses have occurred following each exposure with
e weight increase taking place thereafter. Following the last irradiation in
each of the animals that dled, the weight loss continued until death and.
amounted to about 25 per cent of the starting weight. Death was apparently due
to the effects of irradiation and occurred 22 and 30 days respectively after
the last irradiation. At autopsy no evidences of bacterial infection or other
recognizable disease could be found. The hematocrit fell from b3 per cent

to 18 per cent in one animal. Common findings of loss of hair and skin injury
were seen.

Weights of Protein Fractions: In Table 3 (Page 30) is shown the day

and the time after irradiation (R1-R6) that the samples were taken on animal
No. 600 and its control No. 599. For a standard size sample of plasma,.3 ml.,
the ratio of the weight of protein in ea.ch“ fraction compared with the control
is listed in the four colwmns of fractions. It is apparent from these data
that there is considerable veriatton in the ratio values but that the changes
after irradiation are not particularly large or on the whole remarkably con-
sistent. However, there is some indication that in the samples taken 1 and
2 days after irradiation there 1s a rise in the fibrinogen and a fall in the
elbumin. A decrease in albumin is in agreement with the findings of Davy (k)

in dogs. An increese in fibrinogen has been reported by Ham (10) but measure-
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ments on fibrinogen after x-irradiation have not been very extensive. Variable -
behavior in the globulin is also seen in other results (k).

ABsorption Spectra Measurements: In Table 4 (Page 32) are shown the

ter of a protein fraction. There Is some varizbility here also, but there. 15 o
no apparent dependence on irradiation and the changee in the albumin in par-
ticular are very slight.

Moesurements on the ratio of optical density at the maximum of the band

to the density of the minimum of the band are given in Tsble 5 (Page 33). As

before the comparison againast the comtrol is listed. The values are for

plasma and have the distinction of being measurements on the total constitu-

ents of the plasma rather than on proteins only.

The ultraviolet absorption spectrum of plasma is principally that of
the proteins since other constituents are present in smaller amounte or have
smaller specific absorptions. The data in Table 5 show some variation, more
often at 1 or 2 days, which may indicate some transitory change in componeﬁta o
other than proteins.

Measurements in the Acute Period: Meesurements similar to the above

Cnate

were made on animals No. 604 and To. 608. In the early periods the blood
sampling-was more scattered than for No. 600 and no data were secured at 1
to 2 days after irradiation. No remarksble changes were _fonnd. However,

in both amimals after the last irradiation changes were noted which increased

in magnitude until death. The fibrinogen increassed, the euglobulin increased




ABSORFTION SFECTRA COMPARISORS*

Saz;;g{.e ' Pay Radi;;ion S;?;ie Filg):ino- EE‘liigb- .‘Zig:gz;n Albwnin
1 0 - e - - - -
2 7 | R=l.7 5 min. 0.82 - 0.82 .11
3 11 | koa.. |  0.89 - 0:91 -
| a7 104 | 21.00 1.09 1.31 0.89
5 b1 ok d..] 1.03 1.46 0.98 0.88
6 418 | R-2.48 5 min. 1.26 1.04 0.87 .11
7 51 3 d. 0.89 1.22° 0.32 0.80
8 58 10d. | 0.93 1.45 1.19 -
o | 12 ok a, | 0.83 |o.6 0.78 0.87
10 |11 53 d. 0.94 1.0k 0.87 0.89
11 {118 | R-3.118 | 3 hrs.| 1.00 1.0k 0.97 0.91
12 |120 2 4. 1.09 0.63 1.08 1.01
13 125 7T 4, - 0.59 0.89 0.86
% {160 - 0.67 - - 1.00
15 |16 | r%.161 |1 o5 |11 | o.69 0.86
16 |70 9 d. 1.54 1.47 0.69 1.00
17 |176 _ 15 4. 0.84 0.80 0.68 1.12
19 101 | R-5.189 | 2 a. 0.65 |0.95 0.75 1.06
20 |202 134 | 118 |o.80 0.79 0.86
21 |216 27 d. 1'.07 1.01 0.53 0.9%
22 |219 | R-6.217 | 2 d. 1.13 0.39 0.87 1.00
23 |240 | 20 4. 0.74 0.90 - 0.90 0.92

*The ultraviolet absorption per unit welg
corresponding value fortlw'ca'; oF agimgn

<
!y

U

e‘p?_h. i:faction divided by the
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Sample Radiation Sample Plasma No 600
To. Dey Time Plasma No 599
1 1.1
2 R-1.7 5 min, 0.9
3 L 4. 1.6
i 10 d. 1.1
5 24 a. 1.1
6 R-2.48 5 min. 1.1
7 3 d. 1.1

-8 10 d. 1.1
9 24 d. 1.1
10 53 4. 1.1
11 R-3.118 3 hrs. 1.2
12 2 d. 1.7
13 7 d. 0.9
gLt 42 da. 1.0
15 R-%.161 1d. 1.2
16 9 d. 1.2
17 15 d. 1.0
19 R-5.189 2 d. 1.6
20 13 d. 1.0
21 2T d. 1.0
22 R-6.217 2 d. 1.1
23 20 d. 1.0
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and then decreased somswhat, the pseﬁoglobﬂin markedly increased, and the
albumin decreased. These findings are similar to the transitory changes in
the sublethal périod, Table 3, and also egree with the changes in dogs (5)
in the acute period wherein it was found that the albumin decreased to almost
half and the globulin-.f‘i'_brinogen unresolved peak in the electrophoretic pat-
tern increased. No changes are observed in the character of the plasma such
as noted in Table 5.

Summary: 1. A relisble plasma protein fractionation method applicable
to 3 ml eamples is descri'be@:.

2, Measurements on a few rabbits after successive irradiations
indicate that transitory changes in the protein fractions after a sublethal dose
are similar to the changes in the acute period. There is an increase in
fibrinogen, and decrease in elbumin, end an increase in same of the globulins

particularly in the acute period.
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Problem Code: X.R.2 (Mechanism of Effects)

Section Code: 3350

Preliminary Studies on the Role of the Adrenal in the Radiation Syndrcme

The simila.rity between the post-irradiation state and the e.lam
adaptation syndrome of Selye has been pointed out by both $e],ve and the.-
physiology group at the Chicago Project. This latter group has studied changes
in edrenal size and cholesterol content in the rat after ionizing radiation,
and their findings are consistent with those changes in adrenal f‘uncﬁion as-
sociated with the alarm-adaptation syndrome. Briefly, they have shown an
early- sharp fall in the adrenal cholesterol content a few hours post-radia.-
tion followed by & gradual increase in size and cholesterol content over the
next 3 to 5 days, after which time a gradual decline in size is moted. They
have not reported changes in porta.lity_ by the use of supplementary a.drengv.lr |
cortical hormone. Since 1t is a well-known and often repeated obsemtion'
in endocrine research that by varying the timing of the administration and
the size of the dose almost complete reversals of hormone action can be.- |
demonstrated, it seemed of interest to investligate in this laboratory_ 'ceffa.in
of such procedures which might possibly alter mortality and at the same time _
throw more light on the role of the edremal cortex in the post-irrad.ia.tion -
syndrome.

As & preliminary study, a group of 16 rats were given 1.0 cc of Upjohn
adrenal cortical extract subcutaneously 1 hour pre-radiation and 0.5 cc was |
injected in the same manner on each of the next 3 days. It was hoped that

this would blo‘ck or reduce the increase 1n adrenal gize. A blocking effect

of thie type has been described by Sayers and Sayers for the adrenal hyper-
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trophy which follows cold and other forms of stress. The composite curve

for 3 such experiments in which the results were egsentially the same are
shown in Figure 1. (50 ACH enimals and 48 untreated controls.) The animals
receiving ACH lost weight rapidly after the 2nd post-radiation day. They
died at an earlier time and also had a higher mortality than. the other groups.
In the control group there was a 50 per cent survival in contrast to a 20 per
cent survival of the treated rats. Several showed subcutaneous and gastro-
intestinal tract hemorrhasges.

To be certain that the increased mortelity seen in the treated animals
was not due to handling at the time of injection, a fourth group of 16 animals
vas given saline in the same amounts beginning 1 hour pre-radiation and cone
tinuing for 21 days. Their mortality together with that of their controls
is shown on Figure 2. These animals actually lost weight at a slower rate
than the controls. In this experiment both the control and saline ratse
showed a 25 per cent survival.

In & second éxperiment an attempt was made to cause & pre-radlation
adrenal hypertrophy by subjecting the animals to a moderate stress prior to
radiation. This was done by placing the rats in a cold room at 4°C for 2
hours on each of 5 nights immediately preceding radiation. This amount of
stress caused no welght loss and growth was not interrupted. Two groups of
16 rats and controls were studied. Since the control mortality was the same
in both groups, they are shown as a single composite curve in Figure 3. The
control rate showed a 46 per cent survival, whereas one group of stress enimals
an 87 per cent and the other stress group a 57.5 per cent survival.

That a pre-radiation stress need not necessarily be the aftermath of

a repeated moderate physical exposure in shown in a third experiment where
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the mortality was markedly ciecreased by the probable acute stress resulting
from the edministration of a eingle injection of 300 mgs/kg. of phloridzin
in propylene glycol 6 hours pre-rediation, or simply by the injection of
propylene glycol as shown in Figure 4. (Propylene glycol was used as.the
solvent for phloridzin.) While this protective action of propylene glycol,
with or withouﬁ phyloridzin, may be & result of the same mechaniem as that
following cold strees, its exact nature is unkmown and is in the process of
investigation. In these groups, the control animals showed a 50 per cent
survival in contrast to a 91 per cent survival in the phloridzin rate and
an 80 per cent survivael in those animals treated with propylene glycol.
Since these studies seemed to indicate that those procedures which

commonly cause adrenal hypertrophy also produce a beneficial effect 1in re-
ducing radiation moi'ta.lity R ;t was decided to investigate the possibilities
of supplementing the enimalst own stress response. This was done by giving
the rats 1.0 cc of ACH at T2 hours post-radiation end 0.5 cc daily for 21
days. The control animals showed a 52 per cent survival, while the treated
rats showed & 75 per cent survival. Only one variation in the time of dose
has been tried, namely, beginning treatment 2k hours post-radiation. In the
single group studied, the mortality was similar to that seen in thé preo-
rediation experiment with a 5 per cent survival of the control and a 27 per
cent gurvival of the treated rats. (Figure 5) No variations in dose have been
studied, nor have other ACE preparations been studied.

- All rats used in these experiments were females of the Wistar strain
weighing between 125 - 175 grams, ‘ except in the phloridzin, glycol erperim_o_nt

where male Wistar rats weighing 200 - 250 grams were used. All experimental
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rat groups, together with a control group of identical numbers, were radiated
simmltaneously at the uniform dosage of 625 r, the mld-lethal dose previously

determined for the Wistar strain.

Problem Code: X.R.7 (Bacteriology and Immunology)

Section Code: 3442

Preliminary Studies to Determine the Effect of the Route of Inoculation on the

White Blood Cells in Mice:

Groups of standard three-ﬁeek-old. Sﬁiss mice were infected with virulent
Hemophilus pertussis intracerebrally, intranasally, and intra.é.bdomina.].ly.
Total and differential white bloc_agi: celi counts were carried out on a reéresenta-
tive member of the subjects. Highest counts (51,980) were obtained in mice
infected Intranasally with 0.25 billion organiems. Mice infected by the intra-
cerebral method showed increases in the total counts (41,175). Inoculation
by the intraperitoneal method, in this group, réeulted in counts only slightly
above the normal range of 11 to 15 thousand.

Conclusion: Inoculation of mice with H., pertussis by the intracerebral
end intranasal routes resulted in similar increases of the white blood courits
as well as the mort'ality rate. Inoculation by the intrasbdominal route .gave

results close to those obtained in the control group of subjects.

Effect of X-ray Irradiation on Experimental Murine Pertussis;

(1) Influence of irradiation on immunized mice: Standard groups of |
mice were actively immunized with intrasbdominal injections of a suspension
of 2 billion organisms of Phase 1 H. pertussis per cc. Eleven days later,

the test groups received a single exposure of 200 r. Two days after the

\
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X-ray treatment, all groups were challenged with intracerebral injections
of the same organism from the growth of which the immunizing vaccine was
prepeared.

Results of this experiment in terms of the 50 per cent endpoint
mortality dose were as follows:

Tmmnized: Group I No x-ray treatment - 14%.2 m. (dose of organisms)
Group II X-ray treatment - 3.9 m.

Non-immunized: Group ITI No x-ray treatment - 0.49 m
Group IV X-ray treatment - 0.86 m.

Conclusion: X-ray treatment appeared to decrease protection in the

immnized mice when given eleven days after active immunization.

The influence of new drugs on experimental mmrine pertussis is also
being determined. In the original experiment, aureomycin given in a dosage
of 1 mg for three days, 0.1 mg one day, gave a, 50 per cent endpoint of 3i
million organisms, Polymyxin B, given in doses of 100 micrograms daily_for
three days protected 50 per cent of mice against more than 500 million
orgeniems. 0.2 gm per kilogram of Darvisul given dally for three days
protected 50 per cent of the mice against 37.2 million organisms. Strepto-
mycin given as 1000 micrograms daily intraabdominally for three days pi:otpcted.
50 per cent of the mice egainst more than 500 million organiems. There were
no fatilities with Stre_ptonvcin. The infection in the control mice produced
an M.L.D. of 5.6 million organisms.

In a repeat experiment ,. the controls did not react , and another series

is projected.
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PROGRAM U,

URANIUM
Problem Code: U.l (Physical and Chemical Properties)

Section Code: 3210

Sampling and Measurement of Aerosols: UO3_Particle Size Stud.ies:.

A series of 51 Cascade Impactor samples were taken on atmospher;aﬁof
en animal exposure chamber in which aerosols of dirferent particle Bizes vere
being dispersed during the pre-exposure testing period. The results inv}icated
that a concentration from 10 to 15 mg/m3 could be maintained with 1argeor .
with small particles of Uo3 The smaller size U03 particles ranged ﬁ'cn..o 3 o
to 0.4 micra with a geometric standard deviation averaging close to 2.5 'l‘he )
larger size ranged from 1.5 to 2.0 micra with gecmetric standard aem;;é.;a
ranging from 2.0 to 2.8. | B

A series of 16 Ca.sca.(_le anactor_samples were taken on atmoaphoreé“"éfj' ’
the particle-size chamber during the subsequent animal exposure period'fx;mn
7/12/48 to 8/2/48. This atmosphere conteined a fine particle size dust
compersble to the uranium dioxide dusts previously studied. An averagennﬁss- -

FENpe .)... SIS

median value of 0.29 micra with a range fram 0.23 to 0. 34 micra were obta.ined

The particle-size ranges were thus samewhat lower than the corresponding sizee

_a

-.'.

of uranium dioxide (0.45 micra). The size distributions were norm.l mstea.d

of being a.typica.l as were the ura.nium dioxide aerosols; this result was expected. |
because the uranium trioxide had been freshly precipitated. The average value
for the gecmetric standard deviation was 2.5 with a range from 2.3 to 2.7. |

The consistency of resulte indicated that the asplrator method of dq.spersing sus-

pensions was as successful for uranium trioxide es for uranium dioxide. AR

IED
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Problem Code: U.l (Physical and Chemical Properties)

Section Code: 3220

Uranium cmnplex;

Reinvestigating the polarography of uranyl ion in citrate medium, it
hag been found that uranium catalyzes the destruction of citric acid under
the influence of light. The considerable wide varistion in polﬁrogra,phic ,
results in earlier studies may be attributed to the variable amount of destruc:

tion of citrate ion. Much of the earlier work has been repeated employing

freshly-made solutions giving a mmch improved precision.

Problem Code: TU.l (Fhysical and Chemical Properties)

Section Code: 3260

Dissociation Constants of Various Uranium Complexes:

Uranium is ¥nown to inhibit suger metaboliem of yeast by camplexing
with certain groups on the surface of the cell. The dissoclation constant
of the yeast-i_::a.nim_q complex is very esmall, i.e., of the order of 3 x 10-1
(see Rochester Reports UR-8 and UR-17). In the present report the complexing
ability of verious substances is compared with that of the yeast cell groups
in the hope that some light may be thrown on the nature of the latter.

After a2 mmber of methods were tried, the following procedure was
adopted; A flxed amount of uranium was added to a suspension of washed yeast
contalning 10 mg of cells per ml of suspension. A sample of the supernatant
fluld was taken for analysis: Then various concentrations of substances under
test were a.ddgd end each time, samples of the supernmatant were analyzed for

uranium. In the case of the phoephorylated compounds, molybdate was added to
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inhiblt the cell surface phosphatases (detailed report in prepa.ra.tipn). Uranium
analyses were made by lsotope technique, using U23 3 and an alpha -counter after
electroplating on silver foil (see Rochester Report UR-17).

Redistributiqn of uranium between cells and supernatant is shown in
Figure 1 (Pege L4LB8) for different concentrations of various substances. The -
dissociation constent of the uranium complex with each substance can be ap-
proximately calculsted from the concentration of that substance necessary to
keep 50 per cent of the uranium in the supernatant.

The calculated constants are given in Table 1 (Pagé 49). The equation
used in these calculations was derived from the law of Mass Action and for
the particular condition of this experiment could be simplified in the

following:

0"
Hi":

dissociation constant of yeast-uranium complex
dissociation consteant of substance X with uwranium
concentration of yeast cell groups

concentration of substance x

n1

M

The dissociation constents varied from greater than 10-3 to less than
6 x 10~T. Tne ester and ortho.phosphate complexes have high constants.
Polyphosphates and metaphosphates have very low constants. Proteins, hemée.
diphosphate and citrate are intermediate. The only substance with a constant \
: simi;.a.r to that of yeast is hexametaphosphate. It is interesting to note that
this compound has recently been shown to be intimately connected with carbo--

hydrate metaboldiem®

*Juin, Kemen, Reiner, and Splegelman, Arch. Blochem., 18, 387, (1948).
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TABIE 1

. Dissociation Constants of Various Complexes of* Uranium at pH 3.5

Yeast surface groups*

21;55:10-7

Hexamotaphosphate 6 x 10=7
Inorganic pyrophosphate 4 x 10-6
Adenosine triphosphate 5 x 10-6
Inorganic triphosphate 6 x 10-6
Inorganic metaphosphate 8 x 10-6
Bovine serum albumin** 3 x 10-2
Egg albumen®¥ 8 x 10°
Adenylic acid 1 x 10
Hexose diphosphete 3x 104
Citrate 3 x 104
Inorgenic orthophosphate 7 x 10
Alpha glycerophosphate 1 x 10-3
Maleic acid- | 1 x 10-3
Beta glycerophosphate 1.5 x 10~3
Glucose 1 Phosphate 1.5 x 10-3

*por calculations, see Rochester Report UR-17.
*¥yolarity calculated on the basis of free carboxyl groups.
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Problem Code: U.3 (Toxic Limits)

~—

Section Code: 3210

The Relation of Particle Size of U0, to Toxicity Following Inhalation by

Rabbits and Rats: ‘

A series of four studies to dqtermine the effect of particle gize of
U0, aerosol on the retention, distribution and toxicity in animals has been
completed. The series tested was:

Average Aerosol Mass Median
Test Particle Size Concentration Particle Size

g U0 /m3 »
I Small 22 0.45
I Small 8o 0.45
I1T I;rge ------ 50— T -- —__'— -1?0- T

Iv large 8o (approx) 2.0

Comparison of clinical chemical responses of rabbits in all four studies
clearly indicated that toxicity increases sharply as the particle size of the
inhaled dust decreased below 1 ji. In particuler, it was indicated that the
concentration of urinary protein in the rabbit was almost entirely a function

of the mass of inhaled particles below 1 u in éize, and was little if at all

related to the total cancentration of all sizes.

Tissue analyees and results of histologic examinations of tissues from
experiments I and IV are now complsted. At 80 mg/m3 concentration and 2 p
mass-median particle size, no evidence of histopathologic damage was found in
the rat. In the rabbit, typical remal tubular necrosis was slight in 3 of 16,

and moderate in 1, At this same concentration (80 ng/m3) but at mass-median

P
o QLE‘
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8light to moderate.

Tissue analyses did not indicate any eignificant correlation between -
particle size and emount of uranium in femr or kidney of elther species. In.
the lung, however, deposition of u.ra.nimn from dust of 0.45 P msam@m size
vas of the order of ten times as great as that from dust of approximately 2.0 p
mass-median size at the same exposure concentration. Mean values of uranium
deposits in the tissues of animals of the complete series are found in Table I
(Puge 52). The deposits of uranium in the lungs of both species are roughly
proportional to the concentration of sizes below 1 P in the exposure atmosphere

and bear little relation to concentration of the dust as a whole (Figure 1 --

Page 53).

The Effects of Exposure of Rabbits and Rats ‘to Inhalation of Hydrated UO3 22

Approximately 3.6 mg/m3 Concentration and 0.3 j-Mass-Median Particle Size:__- )

Previous studi_ee* of inhaled U0, dusts of different particle size have
shown that retention, yaﬁribution and toxiclty of O, are altered with_changq
in particle size. An a_.esocig.ted caunse of this phenomenon vas the ir_moluhility
of the U0 dust. It now becomes of interest to determine whether such effects
stil.‘!. ,ob‘l_'.ad.n with a uranium dust of intermediate solubility. U03 was gelected
‘Peca.use of i1ts special property of being relatively insoluble in water but ap-‘..
Preciably soluble mvnbody fluids.

Rabbits and rats were exposed in a chamber to an aerosol of 003-2320

(B,U0 - HpO, 002(03)2-1!20). Use of this hydrate instead of U03 wase necesgsltated

* Reported in Rochester Report No. UR-21 and UR-38.

e =

AR
v R

o

=k

i

®

I
3!
'

UR 00819



TABIE I

Deposition of U0, in Tissues of Rabbits and Rats

Micrograms of Uranium per Gram of Wet Tissue

. I II IIT IV
Mags-Medien Particle Size, u| 0.5] 10.5{ 1.0} 2.0
Exposure Concentreation

(a1l sizes) mg/m3 22 | 80| 80 | 80
Concentration of eizes

below 1 n (epprox.) mg/m3 19 68| 30 | 14

Exposure hours 10 | 191 191 (192

LUNG ; Rabbit 76 2180 373 L6

Rat 305 1233 510 157

KIDNEY: Rabbit 1.0 1.2 2.6 1.1

Rat 2.0 3.0 3.2 1l.2

FEMUR: Rebbit 1.8 2.2 4.8 2.7

Rat 1.2 4.0 3.1 1.9
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by & combination of circumstences: 1) a dry dust feed dispersing dusts of graded
particle size has not been developed, and 2) UO3 in aqueous suspension gra.dua.lly"
takes up water, the end product being the dihydrate, the stable hydrate under
ordinary atmospheric conditions. The dry UO3-H20 aerosol wae produced by na.t;amiza.-
tiom of a water suspension of the compound by means of the aspirator feed that
had been used in previously reported er particle-size studies. Attempts to pre-
pare a suspension of suitable particle size by grinding UO3 in aqueous suspension
wvere not successful. A euspeneidn of the desired particle size was finally pre-
pared by dissolving Uo3 in hydrochloric acid and reprecipitating with KeOH.
After repeated washings e pure suspension of UO3-2H20 was obtained, the only im~
purity present in more than & trace being sodium. About 1 per cent of Na remained.
Ten rabbits and 24 rats were exposed daily for 22 calendar days (16 expo~
sure days or 96 cumlative exposure houra)_ to U'03-2H20 at a mean concentration of
3.6 mg/m3 at a particle size of 0.3 p. The only toxic effects obeerved were traces
of urinary protein in two of ten rebbits near the end of the second week and &

slight but definite growth reduction in the rats during the first and second weeks.

Problem Code: U.4t (Fate)

Section Code: 3201

ce.h5 Adsorption:

Using radioactive calcium, it has been shown by in vitro studles that a

sizable fraction, that is 1/h to 1/5, of the total calcium of bone may enter into
an e;xcha.nge reaction with calciwm ions in a solution. to which the bone 1s exposed
for a period of two weeks. This lability of bone calcium is exactly analogous,
even numerically camparable, to the phosphate exchange previously described. These
studies are basic to the problems of explaining the bone deposition of uranium,

beryllium, and perhaps other ions. Bone may act like an ion exchange resin in
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PROGRAM Be.

BERYLLIUM

Problem Code: Be.l (Physical and Chemical Properties)

Section Code: 3220

Analytical Procedure:

Because of the difficulty in obtaining alkenin (the color agent present
in alkanet root), attempts have been made at the synthesis of quinizarin, a -
structural analogue of alkanet, Sufficient synthetic materlal has been obtaiﬁ;a
to show that this compound will be equivalent to pure alkanin as an sgent for
the quantitative determination of beryllium. In the meantime, an investigat.ion
has been made of the mechanism of color formation when beryllium is mixed with
anthraquinone compounds. Beryllium combines with .dye in a 1:1 molecular ratio.
The dissocia.tion of this complex is extremely low; the complex is not soluble 1n
water or solvents; and, when formed in solution, usually remains colloidal, From
the results of direct analyses and x-ray diffractlon studies it appears that
beryllium is present as a hydroxide, but due to the fact that the complex shows
a definite combining ratio, the reaction cannot be considered as the.fonm.tion
of a nlaker, This information, though seemingly of an academic nature, may
provide the basis for obtaining important information regarding the efficacy of
various complexing substances of biological significance.

Qualitative studies on the isolation of beryllium using flurosilicate
have been undertaken,

Solution Chemistry:

Conductivity titrations of beryllium end various physiologically

important compounds have continued. Approximate solubility measurements have
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been made on & number of beryllium hydroxide preparations. The ability of
beryllium to pass a membrane when present in various media has been studied
utilizing an ultrafiltration apparatus of our own design. A begimning has been
made on the study of the state of aggregation of beryllium hydroxide in various

golutions utilizing high epeed centrifugation.

Problem Code: Be.3 (Toxic Limits)

Section Code: 3210

The Inhalation Toxicity of Beryllium Sulfate Hexahydrate Mist in Animals at a

Concentration of 10 mg/m3 for 95 Days:

The acute toxicity of beryllium has been studied in 8 species of animals
exposed daily for 95 deys (426 exposure hours) to an aerosol of berylliuﬁ sulfate
hexahydrate at s concentration of 16 mg/m3 and at a mist particle size (size
mass-median) of 1.3 micron. This study 1s the third of a series of inhalation
studies to which successively lower concentrations of toxic sgent have been -
employed in an attempt to establish beryllium concentrations producing border-
line or no toxic response., In previous study at 100 mg/m3 injury had been
produced to the lung in all species exposed; in another at 50 mg/m3, a moderate-
ly severe response had been produced in most but not all specles. Specifically,
the rabbit at 50 mg/m3 showed lesions most like those of human lungs in the acute
phase. The present study at 10 mg/m3 (0.4 mg Be/m3), in which more detailed
serial histologic emimtion has been performed, showed that lung injury was
produced in certain of the more susceptible species, the cat, dog, monkey, and
rﬁbbit , but this response developed more slowly, requiring approximately one

month's exposure before fully developed lesions appeared.
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Whereas, at the higher concentrations, the overall mortality appfox:!.mated
30 per cent an in many species attained values as high as 100 per cent, at the
10 mg level, overall mortality was reduced to 14 per cent with only a single
species, the rat, showing an appreciable mortality (50 per cent). Moreover,

at this level, the weight loss that in the previous studies has been general

among the majority of exposed animals, was now noted only in the monkey and dogs,
did not occur in the cat and raebbit, and gains weré noted in the goat, guinea
pig, and rat. Similarly, biochemical constituents that had given evidence of
severe toxic response at the higher levele, namely, changes in protein of the
urine end possibly those of the serum, now showed only doubtful changes in an
occasional member of a species. There was noted, however, at the 10 mg level

a possible trend toward depressed blood phosphorus in the rabbits with no con-

comittant change in blood calcium. The leukocytosis that was rather marked the

third week in dogs and rats exposed at the 50 mg level, still was observed at

the 10 mg level. The slight thrombocytosis in rabbits and rats at the higher
level was not seen at the 10 mg level, although a slight decrease mayy have
occurred in the red blood count of dogs, and there was a questionably lncreased
fragility of the red blood cells in the rats. Serial histologic examinations
prerformed on 4 of 8 species showed pulmonary injury in 3, namely, the rabbit,
monkey, and dog. These animals emm:{.ned after the first 3 weeks showed pulmonary
injury marked by distortion of lung architecture, edemm, congestion, end mnocyf.ic
infiltration; animals sacrificed at the 95th dey, however, showed a chronic
response in which the pulmonary exudate was changed from a monocytic to a

phagocytic character and a thickening had occurred in the alveolar walls. An-

other outstanding characteristic of the response at the 10 mg level was the increase
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in severity of the pu_lmna.ry inJM ‘V;: eXposure, e.g., in the cat
lung, effects were minimal at the 73rd day but had become moderately severe by
the 95th day. This change in character of the lung lesion was noted also in .
the dog, monkey and rabbit, althowgh Mot at the same interval of exposure. Of
all species exposed to date, the rabbit, dog, cat, and monkey show pulmonary

changes most closely resembling those seen in man in the acute phase following

‘ beryllium exposure. Moreover, the rabbit showed a remarkebly fine porrela.tion

between pulmonery disease and duration of exposure. Rating the degree of lung
injury from 1 to 34, indicating progressive injury, animals exposed from 30 to
66 hours showed & l¢+ response; from 96 to 132 hours, a 2+ response; and from

336 to 408 hours, a 3+ response with an occasional individual showing minoxr

variations. On the other hand, lung pathology in the rat following beryllium

exposure became typical only after several weeks of exposure and then was minimal
in degree, and in the guinea pig that injury found during the first 6 weeks of
exposure tended to disappear by the 95th day. The goat showed no changes of
consequence throughout exposure. The analysis of the animal tissues for beryllium
content showed surprisingly that the lung of the rat contained the most beryllium
per gram of fresh tissue, the guinea pig next in ordér , the dog least; the amounts
of beryllium averaged 11, 6, and 4 )Jg/g, respectively, in the lungs of these
specles. These amounts of depbsition do not accordingly correspond to the
histologic response, although differences in deposition are not great. These
results would indicate either that once b'eryllium has entered the lung, the

amount is of lesser consequence in producing injury or that species vary greatly
in the eusceptibility to the amount deposited. Deposition 6f beryllium among

the various tissues decreased in amount in the following order: lukg, pulmonary

lymph nodes, liver, tooth, kidney, and femur., No accumilation of beryllium
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occurred in either the lung cr femmur of the monkey at day 19 over that found . g

at day 5.

The Combined Effect of Inhalation of Hydrogen Fluoride Gas and Beryllium Sulfatesf "

Aerosol in Rats: 7

several hundred fold greater than that of beryllium (Rochester Report M-1997 )._A

Toxic exposures have been shown to occur among plant personnel at sltes where _’

Ny
Ea

these mixed exposures existed. The study_described below was performed to

tion. The results obtained in rats confirm this hypothesis. A
Eighty rats were exposed in groups of 10 and 20 each to either beryllium .

of exposure., The concentration of beryllium sulfate hexahydrate a.pprox;lmted:_'
10 mg/m3. This concentration had previously been established (Rochester Repo{t _
M-184L) as giving 50 per cent mortality in rats in a period of 3 weeks. EIpt;snre
concentrations of EF were approximately 7 mg/m3 , & concentration that had bee\nﬁ :
previously shown (Rochester Report soon to be issued) to produce either in- N

consequential pulmonary changes in rats or no response at all.

The 20 rats that were submitted to both agents were exposed on-altern‘a.‘te'ft

‘days for 6 hours, first to the beryllium serosol and then to the HF gas for a .

Yt

total exposure period of €2 hours for each. This procedure was adopted partly
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because of expediency® and partly because a definite interpretation of toxicologic
results would be made more certain if exposure to each egent was less than that
of the controls on the reasoning that 1f mrta.li_ty occurred from reduced exposure
(lowered C.T. values), tﬁ_e_ HF presumably would have potentiated beryllium toxicity
(EF certainly was not lethal at the C.T. values employed). Serving as controls
for this study were 4 additional groups of rais; one group of 20 was exposed '
daily to HF at concentrations approximatirg 7 mg/mS (124 exposure hours), enother
group of 20 rats was exposed daily to beryllium sulfate hexahydrate mist at ap;
proximately 10 mg/m3 , and third and fourth group of 10 rats each were e.tpo'sed on

alternate days to the mbove concentrations of either HF or beryllium sulfate.

The weighted mean concentration of beryllium sulfate hexahydrate dnst.
for the entire one'-'nnnth stu.dy was 9.2 mg/m3 vith a standard deviation of 2.7;
similarly the welghted mean concentratlon of HF gas was 8.5 m.g/m3 with a —etanda.rd
deviation of 4.9. Gravimetric analyei# of filter paper dust samples with an
occasional check by the spectrographic method was used for the determination of
beryllium concentration in the atmosphere; analysis for fluoride was made on
chamber-air samples absorbed in 0.005 normel KDH and titrated directly with |
chrome azurol-§ according to the Torton method (Rochester Report M-169%).

The toxicologic findings were clear-cut and unsquivocal. Results of
mortality, weight response and histologic examination all were consistent for
any given group and were sharply different between the group exposed to the two

agents as compared with the groups exposed to the agents separately for the

* A simltaneous exposure to both beryllium sulfate and HF as a mixed aerosol

was not resorted to because a mixed -exposure would present analytical difficulties
for determining one constituent in the presence of the other. An exposure chamber
was available and in operation with an atmosphere conteining beryllium eulfate

at 10 mg/m> at the time the study was.planned.




same exposure time. As for mortality, precisely the same number of rats dled
that were exposed to both agents on alternmate days as died from beryllium
sulfate alome with daily exposures. Mortality began on the 13th and 10th

days in each group, respectively, qu15 both groups reached the identical rate

of mortality on the 20th day (40 per cent), and no more deaths occurred there-
after. Thus, the same mortelity was produced from one-half the total expdsnre
to beryllium plus HF as was produced by double the amount of exposure to beryle
lium alone. No deaths occurred in rat groups exposed to HF alone daily, or to
beryllium sulfate alone on alt_erna.te dﬁys. One rat of a group of 10 exposed

to HF on alternate days died; however, from same cause unrelated to the exposure.
Substantiating this evidence of potentiating toxicity of HF for beryllium were

the weight.response data. The dn.ly rat groups to show welght changes lower than

Pre-exposure meen values were the same 2 groups showing the 40 per cent mortality.
Plots of the weights of the other 3 groups never dipped below this pre-exposure
mean and 2 groups showed progressive increase in welght upon continued exposure.
Similar evidence substantiating the main conclusion was obtained from histologic

examination of the animals dying from exposure snd those sacrificed et its

termination. Rats exposed to BF showed no changes attributable to exposure.
Rats exposed to beryllium sulfate showed minimal to moderate pulmonary disease,
and those exposed to the combination of both beryllium and fluoride showed
pulmonary changes similar in character and degree to those exposed da.i.‘Lv. to ber’jl.-.
lium alone. Exposure to beryllium on alternate days resulted in definite pulmonsary
lesions in only a few instances, none in e few cases and equlvocal effécts in
the remainder.

Thus, it may be definitely stated that since pulmonary injury a.nd as-

sociated effects were as great in rats receiving one-half the exposure of beryllium
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TABLE II
Tate of Days Weeks
Dosage Injection Age 24 Hrs. 7 1L 21 8 9

2000 mg/kg (s) | 7/28/48 |50-days | 0/10 0/10f0/10 {o/10 | 2/10] 3/10
2000 mg/kg (s) | 8/27/48 |50-days 0/10 o/10{1/10 [ 1/10

2000 mg/kg (S) | 9/28/48 |50-days | 0/10 1/10

Intraperitoneal Toxicity of Beryllium Oxide in Rats:

In a breeding experiment a group of twenty-five female rats (weanlings)
were injected intraperitoneslly with a single dose of beryllium oxide (S.P. grade)
at a level of 1000 mg/kg; a second group of twenty-five was injected with the
same dosage of fluorescent grade beryllium oxide; the third group was left un-
treated as controls. The male rats were not injected. The rats were paired
(one pair to a cage) at weaning. Data on litter production are summarized in
Table III below. A small reduction in the number of litters may have taken
place and the total number of pups is reduced by ebout 20 per cent. There seems

to be no difference in the effects on reproduction by the two grades of beryllium

oxide.
TABLE III
Sumary Total Number Total Number
(at end of 8 months) of Litters of Pups
Controls (no injection) 118 101k
BeO (refractory grade) 96 794
Be0 (fluorescent grade) 101 T6l
NOTE: When the death of & rat in one group occurs, its
' littermate brothere or sisters are prevented from
mating.
L
|
S
R l ’
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Pilot Experiments on the Orai Toxicity in Dogs of Berylllium Oxides:

In a preliminary experiment to measure the oral toxicity of the beryllium
oxides, 3 dogs were used. One animal (No. €43) vas fed normal dog chow; the
second dog (No. 983) was fed beryllium oxide (Brush S.P. Grade) at a dosage
level of 10 g/kg of body weight; the third animal (No. 1063) was fed beryllium
oxide (Clifton fluorescent) at a dosage level of 10 g/kg of body weight.

The beryllium oxides were added to basic ciog chow and mixed thoroughly
into a mass, placed on a food pan from which the dog was permitted to feed at
will. The 10 g/kg dosage level was offered for two days and when i1t was noticed
that the dogs refused the food, the dosage level was decreased to 5 g/kg of body
weight, a level apparently tolerated. This regimen was maintained for the
duration of the experiment (&2 days). Gross observatidns on theée doge were

negative; there were no significant weight changes (See Table IV below).

TABLE IV

Weights of Dogs Fed Beryllium Oxlde

Dates of

Welghing Controls Be Oxide (S.P.) Be Oxide (Fluor)
6/16/48 11.3 12,2 1h.1
6/24 /48 11.6 12.3 13.7
7/7/48 11.7 12.2 k.0
7/16/48 11.6 12.1 1.3
7/29/48 11.8 12.5 ik.b
8/6/48 11.8 12.5 4.0
8/13/48 12.1 13.1 13.8

8/27/48 11.6 . 13.2 13.3
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Problem Code: Be.lk (Fate)

Section Code: 3220, 3250

Distribution and Excretion of Beryllium Using Be-, as & Tracer:

During the past three months, the work on the distribution end excre-
tion of soluble beryllium using 367 as a tracer has continued. This is the
first time we have had isotope of sufficient activity to carry out & large
number of experiments with one sample. Because of this, some experiments
were duplications of previous work and were confirmatory. It has been shown
that the distribution and excretion are affected by the amount of beryllium
administered to the animal. Also, it has been shown thaf the urinary excre-
tlon following intravenous administration is much faster in rabbits having a.n
acld urine than in those with an alkaline urine; this also seems to alter some-
what the deposition of beryllium in the organs. More beryllium is deposited

in the bones in growing rats than in adult rats.

Problem Code: Be.5 (Mechanism of Toxic Effect)

Section Code: 3210

Changes in Blood Lipid Ratios as an Index of Beryllium Poisonings

It has been shown previously in these reports that the intravenous
injection of BeSOh.hHEO into rabbits altered the ratio of phospholipid to free |
cholesterol concentration in the red cells to an extent greatly outside the
probability of error, or of individual variation. An experiment with dogs
exposed to the same compound by inhalation gave resulté that were def;mtgly
encouraging although not so conclusive (Rochester Report UR-38). As an addi-

tional investigation, the concentration of these 1iplds has been measured in
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the. red cells of dogs 1n,jec'l';ed intravenously with BeSOh-hB?_O. Because no
figures were available concerning the intravenous dosage of this _compouml re-
quired to produce tissue damage or death in dogs, the acquisition of such data
became an added obJective.

Flve mature dégs, 8.2 to 10.5 kg in weight, were injected with graduated
amounts of BeSOh-hﬂzo via the femoral vein of the right rear leg. The ccmpound
wag dissolved in distilled water at a concentration of 10 mg/ml and injected
at dosage levels of 0.5, 1.0, 2.0, 4.0, and 8;0 mg/kg of body welght. This
represents 0.25 to 4.0 mg of beryllium per animal (average weight, 10 kg).

In a few days, deep ulceration of the leg was observed in two dogs, ewlren though
the injection had been made very carefully intoc the vein. Aside from the
refusal of food by two dogs and a general malaise for two days following the
administration of Besoh-hneo , however, no ontoward systemlc effects were
observed. By contrast, the intravenocus injection of 2 mg. of this conq:ound./kg
of body weight killed 5 of 6 rabbits, although this specles is approximately
camparable to the dog in rate of mortality when exposed by inbalation. This
experiment suggested that for intravenous administration of BeSOk-hHZO to dogs,
a dosage greater than 8 mg/kg of body weight may be used and that a dilute solu-
tion be given by 1ntrt.3.venous drip. |

Phospholipid and free cholesterol analyses were made on the red cells
from 25 ml of blood taken from each dog immediately previous to the injection
and on the 4th, 7th, ilkth, 21st, 28th, and 42nd days following. 1In génera.l,
triplicate or quadruﬁlicate determinations were made and a total of 107 li.pid-.

partitions and 214 separate analyses were carried out.
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As in the previous iﬁhalation experiment with dogs, the ratio of

phospholipid to free cholesterol concentration in the red cell decreased in
all animals by the 4th day after injection. The changes, however, were emall
and were not followed by the constant downward trend noted previously in dogs
continuously exposed to the compound; changes noted in this experiment were
cyclic in nature.

Although abnormalities in the ratlo qf phospholipid to free cholesterol
in the red cell were not of sufficient magnitude to be concluelve, one fact
was of interest. All dogs almost invariably showed parallel changes. This .
appears to indicate a common ceusative hgent acting eimilerly on all animals
and that individual variations of the phospholipid to free cholesterol ratio
within the red cells of any one animal must be less than the changes observeti
in this experiment. Otherwise, the ratio changes would have been random rather
than uniformly parallel. It is felt, however, that these date are merely sug-
gestive, since the degree of response elicited was in no way correlated with
the amount of Besoh-hnzo administered. The dosages used in this experiment
wereapparently not sufficient to produce clearly-definitive toxicity as the

result of a single injection.

Problem Code: Be.6 (Methods of Detection of Poisoning, Prophylaxis,
Treatment, and Protection)

Section Code: 3210

Rutin es a Prophylactic and Therapeutic Agent in Beryllium Poisoning in Dogs:

One of the greatest needs in the current beryllium exposure problem is
that of an effective prophylactic or therepeutic agent, Attempts to fulfill

thie need were focused on rutin, a plant flavonol, because of its particular
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chemical configuration and fhysiologic properties. One of these latter pro-
perties is its ascribed capillery antifragility action. This action should
prove beneficiai in beryllium poisoning which is characterized in part by .-
hemorrhage and edema of the lungs. A second property of potential beneficlal.
value in beryllium poisoning is its phenolic structure permitting complex forma.
tion with beryllium. Indeed an especially sensitive microcolorimetric method
employing rutin as the analytical resgent has been developed in this laboratorr
(Rochester Report soon to be issued). Further evidence on the potential ef- ‘
fectivéneas of rutin in beryllium disease was furnished by an experiment 1in
which beryllium combined with serum was shown to be capable of removal by
dialysis in the presencé of rutin; removal of beryllium from the serum proteins
did not occur in the absence of rutin. There was thus e number of indications
that rutin might prove effective as a therapeutic or prophylactic agent in the
treatment of berylliium poisoning.

Accordingly, an inhalation exposure experiment was performed employing
10 dogs, 5 of which received daily by capsule 100 mg of rutin in 2 daily divided
doses for 2 weeks prior to the ﬁeginnin.g of exposure to beryllium sulfate mist
at a concentration of 25 mg/m3. A closely similer group of dogs, some of which
were litter mates of those in the untreated group, received the regular diet
without rutin but received the exposure to the beryllium sulfate simultaneously
with the treated dogs. Exposure to beryllium sulfate mist was contimued daily
for 6 hours for a period of 35 days. D.u'ing this time, rutin wae administered
daily, at first in 100 mg amounts, later (during the last 2 weeks of the experi-
ment) in 300 mg daily doses.

There was no sgignificant difference in the weight response of the animals

of the 2 groups at the termination of the beryllium sulfate exposure. Duaring
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the course of exposure, however, animals receiving no rutin showed a decided
loss in weight from the first to the third week, but after this ﬁeriod the
welght of the 2 groups was essentially indistinguishable. Differences in

mortality in the control and treated groups were not remarkable. Two dogs of

the beryllium-exposed group died, one on the 17th, and the other on the 35th
day of exposure; but one of the 5 rutin-treated dogs died on the 22nd day of
exposure. This difference though indicating a possible favorable response to
rutin treatment was not considered significant.

Tnasmch &8 rutin has been claimed to maintain the integrity of the capil-
lary wall, a special attempt was made to determine differences in the amount
of edema or hemorrhaée in the lungs of the dogs receiving i'utin compared with
those of the controls. No such effect was observed; rather the lungs of the
animals recelving rutin showed somewhat more edema than the controls. Far‘hhermre ,
the character of the inflammatory response was similar in both groups and no
difference in the degree or extent of the pulmonary lesions could be demonstrated.
Rating the degree of injury from 1 to 4, indicating progressive change from
mild to extensive pulmonary involvement, of 5 beryllium~exposed but not rutin-
treated animals, 2 each g.ave a 14y and 24 reaction and one, a 44 reaction; of
the four animals examined in the rutin-treated group, no animal showed & 14
response, one each showed a 24 and a 44 response, and two showed a 34 responsé.
Thus, rutin instead of improving the condition of the pulmonery lesion from
beryllium did appear to have exacerbated the condition. Further evidence bear-
ing out this observation was furnished by spectrographic analysis for beryllium
content of certain tissues of the exposed and treated dogs. Results of these

analyses appeared to show that rutin, rather than ridding the tissues of beryl-
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lium, tended to prevent elixﬁination of this element. Amounts of beryllium in
the lung, bone, liver, and kidney were for the beryllium-sxposed_animals
respectively 4.9, 0.56, 0.2k, and 0.08 pg/g. For the same tissues of the
rutin-treated dogs, values of beryllium were correspondingly 5.6, 0.72, 1.2,
and 0.09. Thus, in each tissue somewhat higher averaged values for beryllium
were found in the rutin-treated dogs.

It is therefore concluded that from the bases of histologic evaluation
end results of spectrographic analysis o:f‘ the tissuwes for beryllium that. rutin
is ineffective either as a prbphylactic or as a therapeutic agent in the treat-

ment of beryllium injury in dogs.
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Problem Code: Th.3 (Toxic Effects)

Sectlon Code: 3210

Acute Toxicity of Inhaled Thorium Fitrate Dust:

A series of 3 pilot experiments has been completed in which 85 laboratory
animals, comprising 6 species, were expdeed to thorium nitrate tetrahydrate
dust. The purpose of these experiments was to determine whether acute toxic
effects are produced by inhalation of thorium nitrate at relé.tively high con-
centrations. In the first experiment, 25 female mice, 20 rats, equally divided
with regard to sex, 10 male guinea pigs, and 3 rabbits were exposed 6 hours
daily for a total of €8 hours dﬁring 11 calendar days. The mean concentration
of thorium nitrate dust in the chamber was 91 mg/m3. The mean concentration
of thorium nitrate dust was 79 mg/m3 in the second experiment in which 3 rab-
bits and 20 male hamsters were exposed 6 hours daily during 10 calendar days
for a total of 60 hours. In the third experiment, the mean concentration of
thorium nitrate was 92 mg/m3; 4 female dogs were exposed 6 hours daily during
10 calendar days for a total of 60 hours in this experiment.

The overall mean concentration of thorium nitrate dust in these experil-
ment was 87 te mg/m3 The thorium nitrate was digperaed ag a dry dn_s_t pre-
pared from materisl purchased from the Maywood Chemical Company. A_»sample
of the Maywood product was analyzed spectrographilca.lly by the Nationai Bureau
of Standards and was reported to contain 47.28 per cent ofl’- thorium dioxide by -
weight. The overall mean concentration of dust as thorium in these experiments,

therefore, was 36+ 2 mg/m3 Since the thorium nitrate had been processed more
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than two years ago, 1t co;:%a:;_ned p ol e B \gxs: of mesothorium. The dust
was prepared for dispersion in the chamber by grinding it twice through a Bantam
Micropulverizer. The ground thorium nitrate was dispersed by means of a ball-
mill feed, using dry nitrogen for é.spirating since the material proved to be
quite hygroscopic.

The concentration of thorium nitrate dust in the chamber was followed
by teking filter paper dust samples periodically. The samples were veighed and
the concentration of dust in the chamber was calculated from the weight of the
sample and the known sampling rate. Four spot samples were taken db.ily for
quantitative chemical analysis employing the newly-developed colorimetric
method in which thorium 1"8 detected t&ou@ the formation of & colored complex
with carminic acid. The results obtained by chemical analysis were in satisfac-
tory asgreement with the chamber dust concentrations determined gravimetricalh

In each experiment, the period of exposure was preceded by a 2-week
conditioning period during which the animals were placed in & chamber which
was held et the same temperature and relative humidity as the exposure chamber,
but which contained no thorium nitrate dust. The animals were conditioned in
this manner 6 hours daily for 10 days. During both the conditioning period and
fhe period of exposure, the animals wefe weighed at scheduled intervals, and
blood and urine samples were taken for determiration of the blood NPN, blood
urea nitrogen and urinary protein, and blood samples were taken for hematologic
study.

There were no deaths among any of the animals during the period of
exposure. All of the animals were sacrificed terminally with the exception
of 2 dogs which are being held for further cbservation. The dogs were the

only species in which toxic signs were observed during the exposure period.
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Beginning on the 3rd day of exposure, the dogs were nauseated. Retching,

e

gegging, and, occasionally, vomiting, were observed periodically. -There
were no significant changes in weight among any of the animals and anorexia :-
was not observed even in the dogs. The clinical chemical determinations reveal-
ed no significant changes in blood NPN, blocd urea nitrogen or urinary protein.
at any time during the exposure period or during the period of observation fol- .
lowing exposure in the 2 dogs which were held for this purpose. The hematologic
findings were negative except in the dogs. All of the dogs exhibited leuko-
cytosis at some time during the exposure period of immediately thereafter. The
average increase in the white blood cell count for all 4 animals was 50 & 13 per
cent. The peak of the response occurred at different times in different indivi-
duals. In the 2 animals which were sacrificed, the highest leukocytic count
occurred during the second week of exposure, whereas in the 2 animals that were
held for observation, the peak of the response was observed during the first
week following exposure. In 3 of the animals, a decrease in the white cell
count was observed after the peak had been attained. In 1 of the 2 animals
held for further observation following exposure, the reticulocytes disappeared
entirely from the peripheral circulation for a period of 2 weeks beginning about
one month after the termination of exposure. Coincident with the disappearance
of reticulocytes, a very low white bloo@ cell count of 6000 was recorded for
this animals. These findinge were not associated with any change .in the red
blood cell count.

Grosa pathologic findings on the‘ animals which were sacrificed terminal-
1y indicated moderate pulmonary damage of hemorrhesgic nature in a few of the
animals; in most, however, the lungs were grossly normal. All of the other

organs presented a normal appearance in all of the enimals,
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Problem Code: F.3 (Toxic Limits)

Section Code: 3210, 3230

Acute and Pilot Feeding Studies:

The ingestion experiment with weanling and mature rats at dietery levels

of 0.1, 0.2 (mature rats only), and 0.4 per cent sodium fluoride was terminated
after 83 daysr duration; suitable controls were also included. Because of the

high mortality in the weanling rats, urinary fluoride excretion was followed

only 1n the mature rats. The results obtalned, together with the blood fluoride

contents are listed in the following table:

Blood and m;mj;uoridegl_.evels in Rats on Diets
Containing Added Sodium Fluoride

Time on Diets - 83 Iays

Per Cent NaF Mean Urinary Blood Fluoride
in plet Fluoride, mg F/1  ng F/100 ml

Control 0.16 45
0.1 1.63 ' 25
0.2 3.3 163
0.4 5.25-9,10% o

* Range of four determinations.
*#* Tngufficient number of survivors for adequate
blood samples.

It is seen that a two-fold indrea.ee in dietary fluoride results in an
approximately two-fold increase in mean urinary fluoride excretion, and In a

2.5-fold increese in blood fluoride.
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Problem Code: F.4 (Fate)

Section Code: 3210

Protective Action of Fluoride in Uranium Poisonling:

As reported last quarter, the ingestion of 15 ppm F in the drinking
water of rabbits appeared to offer some measure of protection egainst the
foxic effects of uranyl nitrate administpred intraperitoneally. These observa-
tions have been extended now to include data on rats fed a stock diet contain-
ing 0.2 per cent sodium fluoride for intervels of three and six months. No
protective effect of the ingested sodium fluoride vas noted, however, when
2.5 mg U/kg, as uranyl nitrate (21-day LI5S0 dose), was injected intraperi=rc -
toneally; on the contrary, the mortality was slightly greater in those animals
receiving sodium fluoride in the diet. The mortality was less after three
months than after six months. It has been known for some time that older rats
are more susceptible to acute uranium poisoning than are younger rats. It has
also been known that male rate require larger doses of uranium than females
to produce death. The results obtained are shown in the following table:

Mortality in Sodium-Fluoride-Fed Rats Following
Intraperitonesl Injection of Uranyl Nitrate

Time on Dietary Level Mortality:.:| "t
Dlet NaF, Per Cent | Male | Female |
3 months Control 0/5 3/5
0.2 /5 | 4/5
" 6 months Control 1/6 /6
0.2 L/6 ‘ 5/5

<
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SPECIAL MATERIAIS

Problem Code: S.M.3 (Toxic Limits)

Section Code: 3210

Experimental Standerd Chamber:

Although many of the problems involved in the maintenance of dust
atmospheres of constant composition {rith respecj:'b to coni:en‘bratioxi, distri--
bution, and particle size have been recognized; the difficulties involved
in their solution and urgent need for toxicologic data have been so great .-
that 1ittle progress has been made in theix; solution and admittedly imperfect
experiments have been accepted. Thus, varigtions in serosol concentrations
ag great as 20 per cent a.nd particle-size variations of two-fold have been
characteristic of some of the best studies to date.

An examination of our experience has shown that very little was known
about thé behavior of various dusts in the atmosphere and that the problem
involved both the nature of the feed and the exposure chember itself. The
introduction of the aerosol-type feed solved one of these problems by dis-
persing both solutions and suspensions with consistent results. Under
properly controlled conditions, uniformity of the atmosphere, particularly |
with respect to particle size were shown for example in the uranium dioxide
size studies. The elimination of dead space and excessive turbulence in the
present chember waes also shown to be of consid.era.bie value. 4

During the pasf year, work has been in progress on the deseign and
construction of a new type of dust exposure chamber. This imit hasg been

designated the experimental standard chember because of the uses to which
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it mey be put. These include the mainté‘c £ ‘gﬂni‘d reference atmospheres
of known composition for the comparative testing and calibration of various types
of sampling instruments, the study of the methods of producing aefosol atmospheres
of constant composition, as well as a study of the behavior of aerosol atmoepheres.
During the past quarter, work has been completed on the installation of thisl
chamber and its accessory control equipment. Several range-finding pllot atmos-
pheres have been investigated with respect to concentration, distribution, and
concentration maintensnce, The results to date have been very encouraging and

the significance of several factors such as feed, operating pressures, chamber- '
air flow and the specific nature of the material to be dispersed have been
recognized.

The design of the chember illustrated in Figure 1 (Pege 79 ), although
representing a radical departure from conventional types, is based on aero-
dynamic principles, modified by the practical limitations of space and available
materials. The construction is in the form of a vertical cylinder with inlet
and outlet regions modified to give a minimun of turbulence and maximal uniformity
et any point within the cylinder section. The mixing chamber is a cylinder
18~ in diameter, &' high, constructed of galvanized iron and coated with a cor-
rosion-resistaent paint. Air and feed inlets enter this chamber tangentially
and dlametrically opposed. The resulting turbulence thoroughly mixes the con-
centrated aerosol with the diluting air. For the present studies, aerosol units
of the type described previously as the »stainless steel submerged aerosol unite
were used as feeds. The air entering the chamber is under slight positive
pressure produced by a 300 ft;3/m1n. I.L.G. centrifugal fan. The air is

filtered and adjusted to temperature by means of an automatically controlled
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refrigerating unit. After mixing, the air streem within the chamber enters a
converging section where straightening vanes give it a vertical linear flow.
This section terminates in a throat & in diameter. Directly beyond the throat,
the air stream is under negative pressure produced by a rotocline at the exhaust
end. The stream distributes itself uniformiy within the plexiglass dome by

the time the main chamber is reached. |

The main chamber section 1s constructed of sﬁainless steel, forming a
cylinder 3 ft. in diameter and 3 ft. high having a calculated volume of 20‘ft3
of 0.57 m3. A curved door, 19 x 33+, is fitted to the front side of the main
section. Four lucite windows measuring 3 x 30 are set into the outeide wall
at equidistant positions and numbered counter clockwise from 14 sta:ting at the
left side of the door. Window No. 2 has 3, 1 1/2~ sampling ports numbered from
1 to 3 from the top of the section down. Sampling port Fo. 2 is at mid position
of the chamber, whereas 1 and 3 are &' each from their respective ends of the
cylinder.

The chamber 1s eihausted through a conical section of stainless steel
leading into & 2r exhaust pipe which in turn is connected to a 120 ft3/min.
rotocldine.

All intermal surfaces of the chamber were buffed smooth and all fit-
tings were adjusted to the contours of the imternmal walls to prevent the
occurrence of local areas of turbulence. The construction design was also
modified to permit the removal of various sections for any future changes.

The control equipmemt for the chamber is mounted on & panel board
"located approximately L behind the rear eection in order to permit easy

access of the windows from all sides and simplify operations. The present
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equipment is conventional inciuding.air and nitrogern feed rressure lines, pres-
sure regulating valves and meters, and 2 high-rate and 1 lov-rate campling
manometers. In addition, a pitot tube was located in the .first section of the
exhaust pipe to measure air velocities. Readings are teken on an inclined
kerosene mancmeter having a aH range equivalent to 1 to 250 f§3/min. was adopted.
At this rate the velocity through the chamber is 2.03 ft3/min., representing

an air change of once every 2 1/2 minutes.

Several preliminary studies of the flow charscteristics within the
chamber were made by introducing phosphorous smoke., No samples were Yaken
but distribution conditions were observed visually. An initial period of from
5 to 10 minutes was required to produce visual uniformity within the entire
chamber. After this period uniformity was maintained for the entire period
of testing. Flow characteristics appeared to be satisfactory and no immediate
change iﬁ design 1s contemplated.

Several types of preliminary range-finding experiments were made to
determine the operating characteristics of the chamber and the cerosol feed.
These included the maintenance of atmospheres of oil and also of sodium chloride
aerogols. 011 was dispersed because it represented the prototype of & non-
volatile homogeneous liquid and did not involve the additional probiems of
aqueous solutions (see following perasgraph). Sodium chloride was used a8
inexpensive innocuous prototyre of a water-soluble metal salt. The results
given in the following parsgraph for concentration and distribution studies
are lypical of those obtained and are presented to indicate the direction and
Progress of these studies.

011 Aerosols: TFor production of an oll aerosol, No. 20 grade motor oil

was dispersed by a stainless steel submerged aerosol unit having 0.04Or orifices
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of both liquid and air Jets. | The unit was mounted in a one liter, round-bottom
flask as described previously and the oil level was set at 1 below the Jets.
This particular unit was later found to be improperly adjusted and operating

at a level of only approximately 50 per cent efficiency. The nature of the
results obtained, however, were the same as those at conditions of maximal
efficlency. TFor the distribution and concentration studies, simmltaneous
filter paper samples were taken through window No. 2 at position 2 and 3.

The samples at position 2 were fixed at a distance of 1 1/2n within the
chamber. Samples taken at position 3 varled with respect to the distance

and provided a comparative measurement of the distribution uniformity at the
lower level of the chamber. An average sampling rate of 14,3 liters per minute
was used and concanti'atione were determined gravimetrically with an analytical
balance sensitive to 0.1 mg.

The results listed in Tseble I (Pege 83) are typical of a continuous
exposure for 3 hours at 11 pounds feed pressure. Simultaneous samples were
taken at 1/2-hour intervals after allowing a period of 15 minutes for equi-
librium to occur within the chamber. In the sampling time of 10 mimmtes,
filter paper weights increased from 7.9 to 9.1 mg. A comparison of the con-
centrations and distribution values obtained with most previous types of
chamber atmospheres shows remarkable consistency. For the flxed sampling
position, the value of 54.0 mg/m3 obteined with the first semple indicated
that equilibrium near the sides of the chamber was not achieved within a period
of 1/2 hour. The rest of the values at this position, however; show a varia-
tion within the limits of maximsl error of the analytical method (¥1.3%).

With respect to tk%e samples taken at verying positions, results show that

equilibrium toward the center of the chamber is reached more rapidly than at
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TABIE 1.

0il Aerosol Concentration and Distribution Study

at a Feed Pressure of 11 1lbs/in?

FIXED SAMPLING POSITION VARIABLE SAMPLING POSITION
Concentration | Distance Within| Concentration| Distance Within

Time Chamber Chamber
hr-min| ng /m3 in. ng /m3 in

9.30% - - -- -~

9.45 54.0 13 58.0 25

10.15 59.2 1% 58.0 25

10.45 59.2 14 59.3 34

11.30 59.2 11 60.5 20

12.15 58.5 11 56.8 12

*start of experiment.
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the eides. Thus, the value of 58 mg/ obtained for both the first and

second samples at positions 25+ within the chember. The variations between the
distribution samples and the corresponding ones taken at fixed positions at the '
same times showed that the uniformity of distributiox; was in the order of analyti.
cal error. Maximal variations from the total mean 59 mg/m3 after equilibrium

had been obtained were negligibly small and in the order of twice the analytical
error (or 2.64). Similar results were found at a range of concentration levels
from 20 to 90 mg/m3 fepresenting respective range of feed pressures from 8 to

15 pounds.

Figure 2 (Page 85) shows a plot of the chamber concentration against the
pressure in pounds per square inch. The determinations reported are the average
of at least L samples at varying poeitions taken from data collected on 2 con-
secutive -exposure days. A concentration range of from 616 - 27.5 mg/m3 vasg
maintained over a range in pressures of from 5 - 30 pounds. The plot shovsfhat
above pressures of 8 pounds a linear relationship between concentration and
pressure exists for the particular aerosol feed system. For the entire range
of data, the average variation from mean values of each point was less than
2 per cent. The extreme variations occurred at the low pressure of 5 pounds
end at va.luée above 25 pounds, the largest percentage deviation being 7.2 per
cent at 30 pounds., In terms of distribution, the variation of the samples
taken at varying positions in the chamber in comparison with those taken at
fixed positions showed an average percentage deviation of 2.7 per cent, the
extreme variations again oi:curring at 5 pounds and above 25 pounds. The
average percentage deviation values for the range between 8 and 15 pounds
were all below total average values. The maximel percentage deviation was

found to be 6.6 per cent at 30 pounds.
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significant finding
of this study. The rate of increase above 8 pounds pressure of chamber concen-
tration was found to be 1.2 mg/m3 /pound of pressure. Since the available pressure-
regulating devices were not better than * 1/2 pound, an error in the order of

t 0.6 mg/m3 could be expected. At a 50 mg level this is equivalent to an error
of 1.2 per cent. At pressures within the range of 8 - 20 pounds, the summation
of the feed pres’sure and the analytical errors are sufficient to explain all
variations in concentrations found. Iarger variations at the 5-pound pressure
level were attributed to the pressure-regulating valve and & lag in this system.
At pressures above 20 pounds, the larger variations are explained in terms of
liquid-level vaeriations. Several preliminary tests have shown that the exact
level of liquid above the orifices of the aerosol nozzle is of critical nature
in terms of concentration. At higher concentrations, the rate of output of

the feed was sufficient markedly to change this level during a single study.

In addition, excessive turbulence created at the higher pressures within the
feed container caused continmuous variation of the set level.

Sodium Chloride Aerosols: TFor production of sodium chloride aerovsols,

10 per cent aqueous solutions of sodiwm chloride were dispersed by the same
feed as that used for oil. In addition to the known variables of feed pres-
sure and liquid level, a third factor was found to be of importance ln maintain.
ing concentraﬁion levels, Individual tests with the feed showed that in the
case of solutions, water was removed at a more rapid rate than the solute,

Thus, both the concentration of the feed material and the concentrations within
the chamber progressively increased. Small varlations of solution concentra-
tion as measured by specific gravity were found to cause marked changes in

chamber concentration. In addition a direct relationship between particle

[
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size and the initial solution concentration was found with concentrate d solu-

tions resulting in larger particle sizes. In order to eliminate the problem
of liquid level of variation and the changes in solution concentration, & con-
stant leveling apparatus, illustrated in Figure 3 (Page 88) was designed for
the feed. The aerosol unit used for this apparatus was one of the more recently-
developed tyjes having 0.027 orifices for the liquid and air jets. The ap-
paratus operates as a continmous circulating system activated by an automatic
hypodermic syringe pump (Brewer Automatic Pipetting Machine). The solution is
continucusly pumped into_ the feed container from a level 1 3/&« above 1its base.
An overflow opening set at the height of the top of the aerosol unit allows
excess liquid to flow off by gravity. The liquid then returns to a large-
capacity reservior (4 liters) through a 21v glass air-trap.

Ueing the constant leveling apparatus several studies similar to those
made with oll were made with ealt aerosols. The sampling rates and chember
conditions were the same as for the oil aerosol studies. The results listed
in Tafnle II (Pege 89) are typical of a continuous exposure for 6 1/2 hours at
20 pounds feed pressure. Simultaneous samples were taken at approximately
l-hour intervals after allowing an initial period of 30 minmtes for equilibrium
to be reached. The sampling time was 20 minutes and a range of filter paper
welght increases of from 2.6 to 3.5 mg was obtained.

Although variations in concentration and distribution values obtained
in this study were larger than those obtained with oil aerosols, the marked
consistency 1s still outstanding. TFor the fixed sampling position, a mean
concentration of 10.4 mg/m3 wag obtained, with a range in velues of from 9.6
to 11.1 mg/m3. The average percentage deviation from the mean vas 4.3 per cent

with the maximal value being 7.7 per cent. TFor the distribution data, the

1130215
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TABLE II.

Sodiﬁm Chloride Aerosol Concentration and Distribution Study
at a Feed Pressure of 20 1bs/1n®

FIXED SAMPLING POSITION VARIABIE SAMPLING POSTTION
Distance Within Distance Within
Time |Concentration Chamber Concentration Chamber
bromin|  mg/w in ng /u3 in
9.30% -- -- -- --
10.00 | 9.6 < 9.8 20
10.30 10.0 1 ' 10.1 32
11.30 11.1 1% 1.4 26
13.00 10.7 13 10.5 1k
13.30 11.1 1% 10.2 5
14.15 10.0 13 9.2 5
15.00 10.4 13 10.1 1k
15.30 10.0 1% 10.4 22

21

L

¥Start of experiment
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average percentage deviation between thexséﬁ;l;é tékéﬂ similtaneously at fixed
and variasble position was 3.8 per cent with a range in variatidns from 1.0 to
8.1 per cent. The average percentage %ariations with respect to the total mean
for all samples of 10.3 mg/m3 was the sasme as that found for the samples taksn
at the fixed position (4.3 per cent). The average analytical error was of the
order of * 3 per cent, indicating that most of the variations could be attributed
to this factor.

Similar results were obtained for concentration ranges between 2.4 and
30 mg/m3. It was found, however, that the 4 liter reservoir did not completely
solve the problem of solution concentration by more rapid removal of water than
solute. Further work is in progress on the solution of this problem and in

the development of more adequate methods of feed pressure regulation.

Problem Cocde: S.M.3 (Toxic Limits)

Section Codes; 3230

Intraperitoneal Injection of Zirconyl Nitrate:

Zirconyl Nitrate (Source: Rchm and Haas) when injected intraperitoneally
in‘rats (group of ten) has given an LD50 of 225 mg for rats of 190 grams

average welght, or an LD50 of approximately 1185 mg/kg of body weight.
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Problem Code: I.S.l (Tracer Chemistry)

Sectlion Code: 3120

Studies in Protein Metabolism in the Dog Using cli.1abeled Di-Iysine. I. The

In Vivo Conversion of Lysine tc Glutamic and Aspartic Acids:

Background: The intermediary metabolic fate of the carbon chain of
L-lysine is not kmown. A brief note by Borsook, H., et al (1) reports the
probable convereion of 6 acll“ labeled lysine to daaminoadipic acld by gu.inaa
Plg liver in vitro.

The last quarterly report (Rochester Report UR-38) presented date show-
ing that L-glutamic acid, isolated from the liver of a dog previously fed
(ucll*wDL lysine, had sbout 17 per cent of the Clh activity of the l.-lysine on
e millimolar basis., Iikewise the L.aspartic acid from the same liver had about
S5 per cent of the Cl!+ activity of an equimoler amount of L-lysine from the same
liver, On this basis alone, it appears very unlikely that the dicarbexylic
acide Clh activity arose entirely from a CO, assimilaticn rea.ction_ (2) where-
by €O, reacts with pyruvate to produce oxalcacetate, and ultimately glutamic
and aspartic acids.

By sslective degradation of glutamic acid with ninhydrin it is possible
to determine exactly the c:Lh activity of ths qe.carbcx_yl group of glutamic
acid. Thus, ninhydrin releases the 002 ot the carboxyl group d to the amino
group and it is this carboxyl which has been proved to arise from CO, assimila-

tien (3), Hence, any activity remaining after ninhydrin treatment must
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. Likewise, ninhydrin releases the COp from both carboxyls of aspartic
acid, and makes possible the assignment of Clh activity to the carboxyl groups
or the inner two carbon etoms of aspartic acid.

Method: The glutamic and aspartic aclds were isolated from liver and

plasma protein hydrolysates as glutamic acid hydrochloride and copper aspartate
by methods previously described.
Weighed amounts of the emino acide were placed in the reaction flask
of the Clh assay epparatus (4) and tréated with ninhydrin by the method of
Christensen, et al (5). After washing through with nitrogen the carbon dioxide
released by ninhydrin, the residue in the reaction flagk was evaporated to dry-
ness at’3o - 35°C and subJjected to a separate Clh assay in the usual manner,
Results; The results of the above reactions are given in Table 1 below

1%

along with the total C~  activity of the amino acide determined on separate

samples in the usual way.

TABIE 1

cW* activity in volts™/Minute/Millimol

Released by Released from
Total Ninhydrin | Ninhydrin Residue
Glutamic Acid | .399 LOTT 251
.078 241
LIVER

Aspartic Acid | .110 .82 .01

p Glutamic Acid | .323 .080 .226
FROTEIN pspartic Acid | .18 .125 .01

*Volts/min. x (1.88 x 10%) = disintegrations/minute
Volts/min. x (8.54 x 10-3) = microcuries

ATALASSIFES
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from the same tissues has the same order of activity as the glutamic acid (6) '

it appears very unlikely that ormithine could have been the glutemic acid
Precurscr. It seems more probable that both are desivable from a common pre=-
curor. The ((-amino-a.dipic acid described by Borsock, et al (1) may be such
a precursor, but we have found no evidence to support this notion.

Tt will be noted that the total C* activity as determined directly on
the amino acids, particularly glutemic, exceeds the sum of the ninhydrin re-
leased and ninhydrin residue activities. It seems likely that much of this
discrepancy is referable to losses of Cm 0o occurring during the evaporation
of the ninhydrin residue solutions. Christensen (5) ‘has pointed out that as
mich as 15 per cent excess of 002 may be released from glutamic acid of the
ninhydrin treatment is prolonged. This is eseentlally what occurs during the
prolonged evaporation of the ninhydrin residues prior to the wet oxidation of
the dried residue for Clh assay.

Summary: Glutemic and aspartic acids isolated from liver and plasme
proteins of a dog fed (-clh labeled DI lysine have radiocactivity which can be

accounted for only on the basis of & direct conversion of the carbon chain of

lysine to that of the dicarboxylic acids.

BIBLIOGRATHY

1. Borsook, H., et al; J. Biol. Chem. 173, 420 (1948).

2. Wood, H. B., and Werkmen, C. H.; Biochem. J. 30, 48 (1936).
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135, 301 (19l+o) and 141, 439 (19&1) -
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6..Part II. The Conversion of Lysine to Argin.ine (thg.%‘ ;‘eﬁrﬁg
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Problem Code; I.S.l (Tracer Chemistry) LE

Section Code: 3120

Studies in Protein Metabollem in the Dog Using Clh—Iabeled DL-Lysine. . IT. The

Conversion of ILysine to Arginine:

Background: The last guarterly report (Rochester Report UR-SS) presented
data showing thet the clh activity of the basic amino acid fraction (1lysine,
arginine, and histidine) of liver protein from a dog fed € -C*.labeled IL
lysine, could not be accounted for on the basis of Clh' activity in lysine alone.

Furthermore, it has been long recognized that the aduit dog and rat could
produce enough arginine to maintain nitrogen and welght balance in the ebsence |
of dletary arginine; however the exact metabolic precursors of arginine have
not been defined.

We have isoleted arginine from liver and plasma protelns of a dog fed
€-clt.1abeled lysine, as arginine monoflavienate, This amino acid has been
found to contain Cl2+ activity not only in the guanidine moiety, but also in
the carbon chain of the ornithine moiety.

Method: The basic amino acid fraction obtained from the protein hydro-

lysate with the aid of the lon exchange resin Amberlite IRC-50, is treated with
excess flavianic acid at PH 4.5 and the precipitated flavianate is converted to
the monofla.viané.te by dissolving with the aid of a few d.rop's of concentrated

ammonium hydroxide, and reprecipitating near the boiling point by adding 20 per
cent hydrochloric acid to bring the FH to 4-4.5. This process of solution and
repreclpltation was repeated twice again with the sddition of about 15 mg of

L-lyeine to wwash outr any contaminant of radioactive lysine, and then repeated

at least once again (without added lysine).

2724 - . ~ UR 00863



The crystalline monoflavianate was then assayed for Clh activity,
Another porticn was treated with aqueous barium hydroxide to remove most of
the flavianic acid. An excess of crystalline barium hydroxide (enough to make
a 10 per cent solution) was added to the solution of arginine, and the mix-
ture was heated in a sealed tube for 18 hours at 100 - 1oh°c, The precipitate
of barium carbonate was filtered off, washed with water, alcohol and ether,
and assayed for clh activity. The remaining alkaline solution was treated
with excess paratoluenesulfonyl chloride in ether with stirring and a cryétal-
line diparatoluensulfonyl derivative isolated and recrystallized at least
twice from dilute ethyl elcohol. This derivative had mp 171-172 and showed
no depression of melting point when mixed with a specimen prepared in identical
fashicn from an authentic specimen of arginine. The diparatoluenesulfanyl
derivative was then assayed for Cl% activity.

Results: The table below presents the data obtained from the aréinina

monoflavianates isolated from liver and plasma proteins:

o™ Activity in Volts®/Mimute Millimol

Arginine Guanidine Ornithine

Monoflavianate Moiety Molety
Liver 175 07 .10
Plasma ‘Protein 172 .08 .07

*Yolts/min x (1.88 x 10%) = disintegrations/mimute
Volts/min x (8.54 x 10-3) = microcuries
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It is clear that the activity present in the ormithine moiety represents

a large or major port:_ton of the total activity present in the original arginine
and is of the same order as the activity found in the glutamic acid from the
same tissues (liver protein glutamic acid .399 volts/min/millimol, placma
protein glutamic acid .323 volts/min/millimol)., Becduse these amino acids have
activity of the same order, it appears unlikely that the ornithine activity was
derived from a conversion involving glutamic acid and proline such as described
by Shemin and Rittenberg (1).

It seems more likely that the arginine carbon chainrwas derived from
lysine (liver lysine, 2.39 volts/min/millimol) by a more direct metabolic path,
poseibly from the same precursor as glutamic acid.

The finding of conversion of the carbon chain of lysine to that of
arginine represents the first definite identification of an amino acid as a
metabolic precursor of the carbon chain of arginine (i.,e. ornithine), and may
represent a major metabolic pathway for the formation of arginine in the absence
of dietary arginine, especially when the diet contains only the essential amino
acids.

The activity in the guanidine moiety is, of course, referable to the
incorporation of carbon dioxide in the synthesis of urea through arginine es
noted by others (2). |

Summarys: Arginine has been isolated as the monoflavianate from hydro-
lysates of liver and plasma proteins, obtained from a dog fed ( -Clh=la't_>elod

IL lysine. The activity of the diparatholuenesulfonylornithine obtained from

(1) Shemin, D. and Rittenberg, D., J. Biol. Chem., 158, 71 (1945).

(2) Delluve, A. M., Wilson, D. W., J. Biol. Chem., 166, 739 (1946).
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degradation of the arginine is best explained by & conversion of the carbom

chain of lysine to that of arginime.
This may represent a major metabolic pathway for the formeation of

arginine in the absence of dietary arginine.

Problem Code: I.S.2 (Radloautography)

Section Code: 3130, 3140, 3171

Autoradiographs. of clh- Incorporated in. Individual Blood Cells:

Background: Since it has been demonstrated (1) that the alpha-carbon

atom of glycine labeled with cll" is incorporated into the hemin and globin
moieties of hemoglobin, it was thought that the incorporated Clh in an indivi.
dual blood cell could be demongmted‘ by an autoradiograph.

Method: To this end & male rat weighing 120 greams was given a total

of 3 pc of glycine containing ¢1* in the alpha-carbon atom®, The specific
activity of this glycine was 1.83 Jc per Ig. The glycine was administered

by means of three intraperitoneal injections of one each, given at hourly
intervals. Blood was taken from the tall veins 25 hours after the first
injection, was diluted with serum made from dog blood, end vwas emeared direct-
1y on an Fastman NTB emulsion. The smears were dried in alr and fixed in
methyl alcohol, After an exposure period of 67 days the emmlsion plates were

developed in Kodak D-19 and cleared, and the cells were stainmed with Wright's

*This sample of glycins was kindly supplied by Dr. B. M. Tolbert of the
University of California,

(1) Altmen, K., Casarett, G., Masters, R., Noonan, T., and Salomon, K.;
Fed. Proc., 7, 2 (1948) and J. Biol. Chem., (In Press).
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stain. The blood emesrs were made sparsely celluler to insure clearcut, will-
defined autographs aﬁd minimal cell clumping.

In order to prove that the autographs are not the result of chemical
fogging, similer amears of blood from a control rat were exposed under 1de'ntice.l
conditions. The exact details of the technique for preparing blood smears on
a photographic emmleion will be described in another paper (2).

Result: The photomicrographs on Page 100. show autoradiographs resulting
from beta emissions from Cll" incorporated into blood cells.

Discussion: In photomicrograph 1 it cen be seen that the silver grains

are non-uniformly distributed, being concentrated focally about certain indivi-
dual cells to form autoradiographs. Other cells, such as the erythrocytes
in this particular field, produced no autoradiographs. In order to make tl;.lo
autoradiographs prominent at this magnification (Xi40) the NJ?B plate from which
this photomicrograph was made was developed for a longer tiﬁe in D.19 than that
used for photomicrographs 2 , 3, and 4, This procedure enhanced the visibility
of the beta radiation effects, but obscured cellular detail. Silver gra.ins
between the autoradiographs on the test plates, and in all regions of the
control plates, are relatively very small in number per unit erea and randomly
distributed, as is extraneous background fog.

The identifiable cells on the test plates include lymphocytes, poly-
morphormclear leucocytes, and erythrocytes. Although this technique is not
at present completely quantitative, 1t is apparent that the percentage of cells

of each type associated with definite autoradiographs declines in the order:

(2) Boyd, G., Williams, A., and Casarett, G. (To be published).
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AUTORADIOGRAPHS OF cl4 INCORPORATED IN INDIVIDUAL BLOOD

CELLS OF A RAT AFTER INJECTION WITH GLYCINE LABELED IN

THE O.-CARBON ATOM
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I. FIELD OF TEST BLOOD SMEAR ILLUSTRATING NONUNIFORM DISTRIBUTION OF
SILVER GRAINS AND CONCENTRATION OF GRAINS AROUND CERTAIN CELLS.
CELLS WITHOUT AUTORADIOGRAPHS ARE ERYTHROCYTES. 440X

2. LYMPHOCYTE. 950X
3. POLYMORPHONUCLEAR LEUCOCYTE. 950X

4. ERYTHROCYTE. 950X
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lymphocytes, polymorphomiclear leucocytes, erythrocytes. One possible explana=
tion for this phenomenon lies in the difference in the rate of formatién among
the three types of cell under consideration. Although the exact life spans of
circulating rat blood cells are mot known, it i1s agreed that the erythrocyte
has & much longer 1ife span than the leucocytes, and it is probable that the
polymorphomuclear leucocyte has a slightly longer life span than the lymphocyte.
It is to be expected, therefore, that the percentage of new cells of each type
in the circulating blood of a normal rat at a given time would decrease in the
order mentioned above. |

fhus, most of the lymphocytes are assoclated with autoradiographs. The
polymorphonuclear leucocytes are associated in several cases with autoradio.-
graphs, despite the fact that these are the least mumerous of the thrée cell
types in the rat blood. The erythrocytes rarely produced an autoradiograph
under our expeprimental conditions, despite their relatively large numbers in
the circulating blood.,

The grain concentration, 1.e., number of silver grains per unit area
in the autoradiographs, which is a measure of the relative amounts of Lk
incorporated in the cells, varies in each cell category. There are cells of
each type which reveal no clh incorporation detectable by this techniqug.
Of the cells which yield autoradiographs, however, the concentration of silver
grains is generally greatest in the case of the lymphocytes. Photomicrograph 2
represents approximately the averesge grain concentration in autoradiographs
assoclated with lymphocytes. The maximnm.grain concentration in autoradlo-
graphs associated with polymorphomuclear leucocytes, represented in Photo-
micrograph 4, is less than that of most of the definite autoradiographs given

by leucocytes.

UR 00865
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The concentration -of gllver grains appears to be higher in the case
of those cells containing relatively larger amounts of nuclear ma.teria.i. It
seems reasonable to assume that the cells which show the presence of Cll* have
incorporated the labeled materials in their proteins. Since, according to
Abrams, et al (3), glycine is a specific precursor for purines of the nucleic
acids of yeast, much of the cll* activity may reside in the purine molety of
the nucleoproteins. Inasmmch as the concentration of nucleoproteins is highest
in lymphocytes, ’ this offers a possible explanation for the variation in grain
concentration among the three ceil types.

It is probable that glycine is incorporated into the hemoglobin of the
red cell in the bone marrow and not in the circulating blood. This contention
is supported by in vitro studies of London, et al (4) which showed that the
synthesis of heme from glycine does not occur to a detectable extent in normal
human peripheral blood incubated with glycine labeled with 03] , and by the
finding that rabbit bone marrow homogenates incorporate appreciable amounts
of Cll* labeled alpha-carbon of glycine in hemin within 3 hours of incubation (5).
The present experiments strongly suggest, therefore, that the red blood cells
assoclated with autoradiographs are cells which were recently formed and intro-

duced into the circulating blood within the 25 hour period of the experiment.

(3) Abrams, R., Hammersten, E., and Shemin, D., J. Biol. Chem., 173, 429 (1948).

%) I(g;ﬂgx)z, I. M., Shemin, D., and Rittenberg, D., J. Biol. Chem., 173, 797

(5) Altman, K, I., and Salomon, K. (To be published).
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Problem Code: I.S.2 (Radloautography)

Section Code: 3171

Technique for Making Autoradiographs of Individual Blood Cells:

Ba.ckground; The production of autoradiographs of individual blcod cells

with a.béolﬁtc registration of the cells and the images of the beta particle
paths requires the making of permanent smears of the blood on the emlaion.

This raises three major problems. One is that of smearing on the emmlsion which,
containing gelatin, imbibes the fluid of the blood and makes smearing with good
distribution of blood cells difficult. A corollary to this difficulty is that
of a thickly populated smear. As beta particles from en atomic nucleus within

a blood cell can penetrate a photographic emlsion for several micra, the

range increasing with the energy, the cells must be widely separated to prevent
overlapping of th§ eutographs. Both of these problems were solved by diluting
the blood with dog serum.

.Since the blood cells were taken through the photographic developer a.nd
fixed before staining, the third major probleﬁ was to determine the solution
concentrations which would not change the staining properties of the cells or
injure the cell walls by osmotic pressu:fe. This was accomplished by using
Eastman Kodek D-19 developer and a 10 per cent solution of sodium thiosulfate
(hypo).

While we were able to find conditions by which single cell autographs
could be made, we do mot wish to imply that they are optimm. This report is
made at this time more as an indication of the general approach instead of &
final method. Since this work involves both the arts of staining and of photo

graphic development, which are difficult to report gquantitatively, it should

UR 00871



serve only as a guide for b.th;‘er‘s to learn the technigue by experience.

Description of Method: The emear was made in the following manner: A

emall drop of ammonium and potassium oxalate solution was put in the center Qf

2 watch glass and approximately 6 drops of blood were added and mixed thoroughly.
Hemoglobin-free dog serum, which had been stored in the deep freeze at about
-159C and allowed to thaw just prior to use, was a.cided until a 1little over

twice the volume of blood plus oxalate solution was reached. The proportiona

of blood and serum were not accurately measured. Experience was the best
instructor, the guide being the distribution and the separation of cells desired
on the photographic plate. For higher-energy beta particles a greater dilutiom
is needed to give greater separation of the cells in order to prevent the over-

. lapping of the amtogrephs.

Several mimutes after the serum was added, some of the blood cells formed
reversable clumps -- they did not clot -~ and settled out of the mixture. The
diluted blood was stirred just prior to taking a drop for smearing on the plate
in order to break up some clumps and to bring others into suspension. Very few
clumps were found when the smear was examined microscopically.

The suspension of blood cells was taken into the dark room to be smeared
on the photographic plates. The usual dark room precautions were observed
and a Wratten Series IT safelight with a 10 watt duldb was used; at a distance
of about 18 inches from the working space. With the photographic plate lying
flat on the table, an optimm angle of thg eye to the plate can be found by
which reflection makes possible the observation of the smearing process.

Eastman Kodak NIB plates were used throughout the work. These have

extremely low background fog and of all plates tested are the most sensitive
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for their grain size to beta particles.® The emulsion thickness wé.sﬁ micra.
Thicker emnlsions can be used but this increases the probability of excessi';re
surface grains on development and increases the fixing and washing tims. These
factors can be detrimental, as will be discussed later.

A drop of dilute blood was picked up with a flat, wire spiral. The drop
was larger than one used for ordinary emearing since the serum does not spread
as readily over the emmlsion as it does over glass due to imbibition by the
gelatin,

The smear was made on the emmlsion in the usual manner by placing one
end of a glass slide against the photographic plate at an angle over the drop
and between 1t and the center of the plate, The thickness of the smeer, and
hence the mean distance between the cells, wes controlled by the angle of the
slide: The more acute the angle, the greater the mean distance. ™ After the
slide is drawn back into the drop permitting it to spread along the edge, it
is pushed forward. To eliminate scratches, & smooth-edged ‘glass elide was
used and pushed with as little dowmnward pressure as possible,

The smears were air-dried and then fixed by flooding with absolute methyl
alcohol for two minute. They were again air-dried before sealing withont a
dessicant in light-tight boxes. These were placed in a refrigerator for the
exposure period.

The plates were developed in D-19 for two mimutes at 200C; rinsed in tap
water for one half mirmute, fixed in freshly made 10 per cent sodium thiosulfate

solution for 6 minutes, washed for 4 mimtes in tap water, and dried in air

*Pata obtained in this laboratory and to be published soon.
**11111ie, R. D., Histopathologic Technique, p. 204, The Blakiston Co., Phila.,1946.
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before staining. To develop weaker latent imsges, i.e., latent images with
lower potential of development to visability, and thus increase the number of
visable grains per beta particle, the smear-artograph was, in some cases,
developed by first soaking for five minutes in water followed by 25 minutes
in dilute D-19 (1 part D-19 to 3 parts of water). | |

The blood cells were stained with Wright:s stain., This was flrst filtered
with No. 42 Whatman filter paper to remove the maximmm amount of precipitate,
vwhich might be confused with photographic grains if allowed to settle on the
surface of the emulsion. A cover slip was sealed on with Permamount.

Comments . Physiolqgical saline was tried as a diluent. However, saline
smears on the emlsion showed many more injured leucocytes than smears using
dog serum.

The photographic-fixing step is the most critical in the technique. Two
variables which influence fixing, viz., the nature of the ellver bromide grain
and the emmlsion thickness, were constant for our experiment. The former will
probably be held éonetant by the mamfacturer. The thickness of the emmlsion,
however, depends upon the customer:s request, and the above fixing conditions
should be considered only for emmlsions of 6 micra. We do not know how‘they
should be changed for thicker emlsions.

In order to obtain the best results with staining, there must'be e care-
ful balance among various factors, such as the concentration of the sodium
thiosulfate concentrations from 1 per cent to 35 fer cent were tested. The
35 per cent solution cleared the 6‘P emulsion in about one mimite while it took
the 1 per cent solution 90 mimmtes to clear. Both extremes damaged the cells.
A 10 per cent solution cleared the plate in 3 to.3% minutes, leaving cells in

a satlisfactory condition for study.
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As it is, the usual photographic procedure to fix for twice the length
of time required for clearing, our first work was done by fixing for 6 minutes
and washing for li. ILonger washing can take the place of a portion of the fixa
ing after clearing. We now feel that it ls better to fix until clear and then
wash for 20 to 30 minutes. It is probable that this rule wquld be satisfactory
for emleions of 12 to 15 micra in thickness. However, we have not fully explored

this and merely suggest it as a guide for future improvement of the technigue.

Problem Code: I.S.2

Section Code: 3220

Partitlon-Chromatography of Lipids:

Using P32 as an a.na.JJtica.l agent the partition. thmnatography of phos-
pholipids bhas been studied. It has been possible to select those solvents or
solvent mixtures which permit a separation of at least seven chemically different
individual phospholipids on & micro scale. Currently, the phospholipid prepara-

tions are being hydrogenated to permit an even better separation.

Problem Code: I.S.3 .

Section Code: 3110

Eﬁ’ect of X-radiation on the Uptake of Jodine:

Ba.ckgronnd: The sensitivity of the thyroid glend to inJury by radiation
is a matter of some interest in view of the present widespread use of Il3l in

the treatment of hyperthyroid disease as well as malignancy of the thyroid.
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In order to obtain information on this metter, experiments are being done in
which rats receive z-radia.tion end at varying intervals post-radiation, thyroid

function is tested by administering Il3:L and studying uptake. Since this work

vas initiated, Bender (1948) has reported studies showing that the oxygen con-

sumption of rats was unaffected by local dose_s of 50 to 5000 roentgens of x-
radiation administered to the thyroid. Earlier results had variously reported
stimulation of the B.M.R. of rebbits (Takeyama, 19%7), increased activity of
the thyroid of guinea pigs (Torentin and Watrin, 1933), and little or no effect
on thyroid activity of rapbii-.s (ziminiteky, Baskina and Devirz, 1936), mo effect
on dogs (Walters, Anson, and Ivy, 1931), and no effect on guinea pigs (Eckert,
Probstein and Galinson, 1937). The report that follows is confined to the
results obtained with an x.ray dose of 1000 r. Work in progress at other dose
levels will appeear in futu;_e reports. |

Method: Male and femmle albino rats were used. They varied in weight
from about 200 to 300 grams. A total of 53 animals were used, of which 1l
were controle. The control rats were handled the same as the experimental
rets except that they were not irradiated.

The x-irradiation was carried out at 15 ma, 250 K.V. with an aluminum
Plus copper filter such that the half-value layer vas 2.15 mm of copper. The
tube distance was 38 cm. The rate of irradiation was 42 r/min. The animal
vas shlelded with lead except for an area sbout 2.5 cm. in diameter directly
above the thyroid.

Measurements with an r-chamber'wére made which showed little of no
scattered radiation to other parts of the ratts body. During the irradiation

the rats were anesthetized with nembutal.
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The rats were fed on a ‘eynthetic jodine deficient diet (less than 1 J8
I per gram diet), and maintained on this diet for at - least 18 da.ys-before
sacrifice. w1th the object of increasing the preliminery iodine depletion of
the gla.nd four days before sacrifice one-half unit of thyrotropic hormone
weas in,]ected in‘bra.peritonea.lly end equal doses were glven on the two succeed-
ing daye allowing one day of rest before sacrifice. Later information showed
that this dose of thyrotropin was too emall to be effective, but in order to
keep conditions the same, the above procedure continued throughout the experi-
ment, .

bn the day of sacrifice, a small dose of 131 (3.5 to-S}xc) wes injected
intov the tail vein. Four hours later the animals were sacrificed and the
thyroid glands dissected out. Samples of blood and muscle were also collected
for analysis.

Analyses were made by homogenizing the tissue (mmscle as well as thyroid)
in a blender with the addition of a few ml of KI conteining sol. at pH 12 - 13.
This was made up to volume and a suitable asmall allquot was deposited as emall
droplets on a silver foll and evaporated to dryness. The beta emission of
the sample foil was then counted in a calibrated G-M counter.

A further aliquot of the homogenized thyroid as well as the blood was
dialyzed in a continmous flow apparatus and counts were made on this dlalysate
and the undialysable material.

Results: The resultes of the thyroid uptake are presented in Table I

(Page 110). It was further found that at four hours a.ﬁ_:er administration of the
iodine dose, the 1‘1'3:L in the thyroid was more than 95 per cent in the bound

form, (i.e., non-dialyzable). The contrary was true with regard to the blood
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Effect of 1000 r of X-radiation on T S- Uptake of Thyroid

TABLE I

at Various Times Post-Radlation

Deys after No. 9 Dose in
Irradia.tiﬂ Rats Thyroid |
(Controls)t 11 3.5 = 7.0 pc 17.1 ¢t 6.0%

5 5 7.0 pc 24,0 * 8.7
7 7 7.0 pc ik L0
9 6 7.0 pe 12.3 ¥ 7.0
11 - 12 T 7.0 pec 16.4 t 10.9
16 5 T.1 pc 20.3 * 7.3
20 - 25 7 7.0 pe 11.8 4.4
35 2 7.0 pe 13.9 ¢ .1
51 2 7.0 pe 12.8 ¢ 2.2

*
The errors calculated are standard deviatlons.
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which showed more than 95 per cent of the iodine 131 in the inorganic or

dialyzable form.

Discussion: Early results in this experiment seemed to show a decrease

in 1131 uptake at about seven days with a compensatory increased uptake at
about sixteen days. On the basis of the more complete data available now

and in view of the large variation between individual experiments as shown by
the large standard deviations, it appears that 1000 r of local x-irradiation
has 1ittle or no effect on the uptake of 7131 by the thyroid gland of the rat.

Purther wérk at higher x-ray dose levels 1s planned.
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PROGRAM 0.8,

OUTSIIE SERVICE

Problem Code: Tone

Section Code: 3310

1. (a) 1176 industrial film badges from Bmokhavén, Columbia, California,
and the University of Rochestexf Physics Depa.rtmentf
(v) 144 radon atomspheric analyses (Ir. Hursh)
(¢) 25 uranium dust analyses (Dr. Smith)
(4) 567 beryllium dust analyses (Ir. Steadman)
(e) 171 fingerprint analyses (Dr. Harvey and Mr. Hay)
(£) b beryllium soil enalyses (Ir. Steadman)
(g) 8 uranium liguid a.naJysea. (Dr. Steadman)
(h) 26 fluoride liquid analyses (Dr. Smith)
(1) 17 S0, liguid analyses (Dr. Thompeon)
(J) 19 miscellaneous (tiesues) Be (Dr. Steadman)
(k) 124 urine samples of which:
16 analyzed for Be (Ir. Steadman)
108 analyzed for U (Dr. Smith)
70 analyzed for ¥ (Dr. Smith)
2. Receiving, allocating of samples for analysis, tabulﬁting and report-
ing of results, as well as providing sample containers for the above _sainples

was performed by this sectlon.
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PROGRAM H.P,

HEALTH PHYSICS

Problem Code: H.P.1 (Research and Development)

Sectlon Code: 3320

Background: In order to test the method outlined in the last Quarterly

Technical Report, concerning measurements of scattered x-ray radiation, swst.em-.
tic investigation was carried out in cooperation with k1l employees (physicians,
technicians, and clerical persomnel) in the Department of Readiology of The
University of Rochester School of Medicine and Dentistry.

Methods: Special film badges were distributed weekly which were carried
by the personnel during each working day. The badges contained a dental packa-
eged EX type K film equipped with a dual filter of .12 and .24 mm copper,
leaving three separate areas for density measurements. Films were developed
each week rather than every two weeks, since it was desired to find the ac-
curacy of the lower sensitivity limit for this type of film. Densities versus
radiation intensities were plotted and the graph reveals linear relation between
these quantities in a density range of 0-.7 for the three regions on the fllms,
(a) direct exposure, (b) exposure through .12 mm Cu, and (c) exposure through
.24 mm Cu. This graph is shown on Figure I (Page 114). On this figure, the
density values recorded on the ordinate represent densities from which th_e_ fog
density has been subtracted. Two families of lines are shown marked rAr a.nd
"Br and these represent characteristic curves of the film when exposed to 100
and 200 KV x-rays, respectively. From such femilies, it was possible to dif-

ferentiate grossly the radiation quality of the monitoring films. This is
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accomplished by the fact that.threeEdensitiesnfound on monitoring film will
lie on a line parallel to the ordinate if this film was exposed to e quality
of radiation similar to that of a characteristic femily of curves. (see
Rochester Report UR-38).

Table I (Page 116) shows the accumlated dosages of the exposed personnel.
From this table it 1s seen tﬁat the quantities of radiation received have not
approached the tolerance of .l r per 8 working hours.

Since the values recorded in Teble I constitute only the results of film
density messurements in terms of radiation received, and since many of these
values appear unduly low, a spot check of the values was made with calibrated
ionization chambers in form of pencil chambers during a period of two weeks.
These chambers were worn simulteneously with the film badges and their ﬁeadinga
recorded daily. A further check was made by means of integrating proteximeters
located at fixed positions and comparison made with film density readings from
film at the same positions. The pencil chambers and the proteximster were 1n;'
vestigated for wavelength dependence and after that were calibrated by means of
the standard r chamber. These calibrations were performed for 100 and 200 XV
unfiltered x-radiation,

Illustrative data are given in the Tablea II and III (Page 117). As seen
from Table II, the pencil chamber readings were made daily and sumated at the
end of the eix working days. The fair comparison of r values as read by ioniza.
tion chamber and film badge seem to indicate the validity of the method.
Measurements with the proteximeter wére also made daily. However, due to the
position of the instruments within the exposure rooms, (6 feet fram scattering

center) the quantities recorded are greater than those of operating personnel.
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Personnsl Rumber Total Max,; nperreciiduil, "1™ per-(

Fumber of Weeks nyw inrdcireek In 1. week Kv
1 20 485 .300 .02 100
2 9 .105 .030 .011 100
3 18 .160 .060 .009 200
b 17 .105 .015 .006 200
5 17 1.455 .090 .085 100
6 1% .265 .045 .019 100

7 16 .500 .090 .031 100
8 16 .060 .020 .00k 100
9 13, .385 .160 .030 200
10 16 .290 .015 .018 200
11 12 .05 .020 .00k 100
12 19 .305 .090 .016 100
13 18 .280 .110 .015 100
14 6 175 .050 .029 100
15 L .000 .000 .000
16 12 .000 .000 .000
17 3 .010 .010 .003 100
18 19 .195 .05 .010 100
19 6 245 .100 .okl 100
20 19 .280 .095 .015 100
2l 19 .395 .095 .021 100
22 20 .125 .035 .006 100
23 1% .195 045 .01k 100
2k 19 2.345 400 .12 100
25 6 .005 .005 .001 100
26 1k .055 .025 .00k% 100
27 3 .095 .085 .031 100
28 % .050 .025 .00k 100
29 13 .035 .020 .003 100
30 18 .035 .0k0 .002 100
31 21 .225 045 .010: 100
32 7 .005 .005 .00L 100
33 19 - .160 .035 .008 100
34 1 045 .020 .003 100
35 19 .680 .320 .036 100
36 16 075 .010 .005 100
37 7 .105 .060 .015 100
38 11 .010 .005 .001 100
39 11 .000 .000 .000
Lo 15 175 060 .012 100
L1 11 .080 .030 .007 100
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.031

.000(not worn)

.012
.031
.005

079
.011

007
007

.010

TABLE III

nyn

Proteximeter

Film
nyn

.026
.030
.010
.065

.023
.028
.013
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SPECIAL CLINICAL SERVICES

Prqblem Code: None

Section Code: 3312

Experimental results reported previously had shown failure of one
patient with chronic beryllium poisoning to retain significant amounts of
nitrogen under the influence of testosterome propionate. One possible expla.na.-.
tion for this fallure to store nitrogen. is that hepatic diséa.ee which may be
associated with beryllium poisoning prevented the acceleration in syntheeis
of body protein usually brought about by testostercne propionate. For this
reason a patient with early cirrhosis of the liver was given testosterone
propionate and the nitrogen, calcium and phosphorous balances were determined.
The purpose of the experiment was to determine whether or not liver disease
of a mild degree would prevent the protein an.abolic effect of testosterome.

The patient, E.M., was a 46 year old white female with & history of
chronic alcoholism of six years' duration. She had been admitted to the
hospital on three occasions during the past six years, primarily because of
périphera.l noeuritis. Omn all océé.sions the liver was felt to be enlarged and
evidence of a mlld active hepatitis was preéent. At the time of the present
study the patient was not jaundiced but had a 1 - 24 cephalin flocculation,

& thymol turbidity ranging from 18 - 34, and a bromsulphalein retention of
5 - 10 per cent. The electrophoretic patterm of the plasma proteins was con-

sidered typical of cirrhosis and was partitioned as follows:
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The patient was considered to have a cirrhosis of mild degree. She was
Placed on a diet coniaining approximately 2500 calories, containing a daily
infake of 10.50 gms, of nitrogen. The nitrogen balsnce data are tabulated in
Table I (Page 121).

One ehould note that the first nine days, (Periods 1 and 2), are
control periods. In Periods 3 and 4, 25 mg of testosterone propionate were
given daily. Periods 5 and 6 are post-ﬁontrol periods.

From the data in the table one notes a good storage of nitrogen
during the cbntrol period and under the influence of testosterone propionate
e large increase in storage occurred. This should be considered & normal
protein anabolic effect of testosterons propionate and i1t may be concluded
thet liver disease of the type which this patient had did not inhibit the

above effect.

0f interest were the serial electrophoretic patterns which follow:

8-9 Albumin 3.21 8-19 Albumin 3.09 8-30 Albumin 2.68
A1 1.h7 o 1 k45 A1 | .38
of 2 .70 o 2 .61 o2 -6? |

B .96 ’ B .89
¢ -89 ¢ .65
d -%fgg_ 'ﬁ"‘%iELiEB ’ 3%%%‘




A comparison of these patterns taken at a.pproximately_ ten-day
intervals reveals several rather unusual findings. It is apparent that
the albumin and gemme globulin progressively decreased throughout the
experimental period. This finding is somewhat unexpegted. in view of the
large storage of nitrogen. According to the figures of Allison and others,
approximately 1 gm of serum protein should be stored when 30 gms of tissue
protein are stored. One explanstion is that the effect is one of simple
dilution since it i kmown that testosterohe propionate causes retention
of sodium and chloride. However, other possibilities need to be considered.
The decrease of gamma globulin may have been due to improved hepatlc func-
tion resulting from the dietary regimen. The findinge in regard to the
gerum albumin may mean that while she was unsble to manufacture serum
albumin in & normal manner she was still able to accelerate syntheses of
tissue protein. Needless to.say, much additional information is required
to establish whether the data obtained in this patient are significant and
if so what the explanation may be.

The calcium and phosphorus balances done on this patient will bé

given in a subsequent report.
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Period Date Diet Urine Stool Balance

1 8/9-10 10.50 6.55 1.26 $2.69
10-11 10.50 6.50 1.26 2.7

11.12 10.50 5.89 1.26 43.35

12-13 10.50 6.47 1.26 2.TT

13-1% 10.50 -6.97 1.26 2.27

1415 10.50 5.77 1.26 +3.47

+17.29

2 15-16 10.50 6.46 1.26 +2.78
16-17 10.50 6.39 1.26 +2.85

17-18 10.50 7.05 1.26 42.19

*7.82

3 18-19 10.50 6.43 1.26 42.81
19-20 10.50 5.25 1.26 43.99

20-21 10.50 k.69 1.26 +4.55

21-22 10.50 L.46 1.26 .78

22.23 10.50 L.51 1.26 4.73
23.24 10.50 3.92 1.26 - 45.32

\ ' 426,18

N 2425 10.50 lost 1.26 FORIT
2526 10.50 3.69 1.26 +5.55

26-27 10.50 3.52 1.26 +5.72

27-28 10.50 2.75 1.26 .. 46.49

28.-29 10.50 3.87 1.26 45.37

29.30 10.50 4.35 1.26 +4+.89

+33.E5

5 30-31 10.50 3.56 1.26 +5.72 .
31-1 10.50 1,66 1.26 +4.58

9/1 2 10.50 lost 1.26 ol Ll ?

2.3 10.50 L, ok 1.26 +4+.30

34 10.50 6.01 1.26 +3.23

4-5 10.50 6.1% 1.26 +3.10

25.31

6 5.6 10.50 T.14 1.26 +2.10
6-7 10.50 8.01 1.26 41.23

7-8 10.50 7.84 1.26 +1.%0

8-9 10.50 8.6 1.26 ¢ .62

9-10 10.50 8.4k 1.26 + .80

10-11 10.50 7.39 1.26 41.85
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INSTRUMENTATION (SPECTROSCOPY, ELECTRON MICROSCOFY, X-RAY AND
NUCLEAR RADIATION IETECTORS, X~RAY DIFFRACTION, ELECTRONICS)

Problem Code: I.N.l1 (Research and Development)

Section Code: 3161

Preparation of a Rugged Film for Mounting Materials for Electron Microscopy:

]

Background: There has been routine and scmetimes special examiz_:ation‘.
of dusts, powders, and other materials submitted for electron microecopy.
Considerable work was done with beryllium oxide, and this is being recorded
in a separate paper under the probable tiﬁl.e‘ of rToxicity Studies of Beryllium
Oxide of Various Grades». .

It has slways been obyious that the specﬁen supporting f£11lms of col-.
lodion, Formvar, etc., which are almost universally used, leave much to be
désired when their instability in the electron beam is considered. Formvar
f1lms often contain many smell holes and when sterilization of the film~covered
screens is essential, as in the culture of living cells on such films, heat
or chemical sterilization procedures are fairly destructive. |

Silica (Sioe) is often used in the production of replicas in electron
microscopy. It is extremely stable under electron bambardment end will with-
stand high temperatures and appears to be structureless in the electron microscope.

It seemed to be desirable ’c;o attempt to devise e method whereby silica
f£ilms could be produced on a large scale end handled with ease with which col-
lodion films on water can be manipulated.

Method: The technique of preparing collodion films has been discussed

in a previous report, but a brief review will be given here. A drop of a
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2 per cent solution of Parlcdion in amyl acetate is allowed to fall on the
surface of clean distilled water in a sultable container. When the solvent
evaporates after & few seconds, the film 1s either picked up on a specimen
screen or the water is withdrawn and the film allowed to settle on the specimen
screens, and after drying is used in the usual menner, It was hoped that silica
£11ms could be prepared on the surface of the liguid and thereafter handled by
the methods used for collodion, Formvar, s.tc. Silica films of suitable thick-
ness can be produced by vacuum evaporaticn from a heated fllament and will
deposit on surfaces prepa.red for it, Accordingly, a dish of mercury wase placed
in the vacuum chamber and the silica film dgposited on it. Although the films
were excellent in every other respect, it was found that there was contemination
of the specimen screen by the mercury and this method had to be discarded.
Octoil was substituted for mercury but it was difficult to remove traces of
the o1l from the specimen screen afterwerds. It was finally decided to try
to use collodion film as a support for the silica during 1ts formation and
subsequently dissolve the collodion leaving the silica. This method has proved
to be very successful.

A much more dilute soluticn of collcdicn is employed than is necessary
for the usual specimen suppert. The very thin film formed is mmch too light to
support ordinary specimens but 1s useful to serve as a base for the deposition
of silica. When the composite film is examined in the electron microscope, it
is found that it will wi_thsta.nd any avallable beam .intensi‘cy with 1little damage,
intensities that would instantly deétroy the ordinary collodion or Formvar film
and moreover the very thin collodion component is invisible or difficult to

detect. The double film is, therefore, often used without eny further treatment.

)
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These f:llms can
be sterilized in the autoclave, by dry heat or other methods, maling them very
sultable for use in tissue culture work. A dozen or more screens may be coated
at one time on a single glass slide so that large mumbers can be prepared with
’ease. The permanence of the film and the relative simplicity of the method
mekes it possible to produce a larger number of usable specimen mounts in a

given period of time than the older technique with collodion alone.
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