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INTRODUCTION

The soientific work presented herein has been coded at the program
and problem levels according to the scheme given on Pages 7 snd 8, In
the report all comtributions to a given problem have been mssembled +o-
gether without regard to the adminlstrative organization except that the
number of the sesotion which did the work 1s prefixed in each cese. By
using this hmnber, it oan be found on Page 12 what administrative officer
cen be approached for information about particular work.,

Tt should be noted that the Quarterly Technical Reports of The
University of Rochester Atomlo Emergy Project do not attempt to describe
progress in all of the researeh prdgrams but omnly in those in which some
significant results have been achieved but which are not sufficiently

complete to be written up =s & final report,

ol : UR 01113
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EXPLANATION OF PROGRAM AND PROBLEM CODES

The scientific work at The University of Rochester Atomic Energy
Project has been coded at the progrem and problem levels, The programs, in
general, indicate broad fislds of investigative or service activitles while
the problems indicate divisiome of these fields, Although no consistent
method of division in problems was possible, an attempt was made to
achieve ; natural division in the sense that each problem would encompass
& subject normally written up and generally considered as a wmit, The
program on chemical toxielty of uranium, for exmmple, hasz been broken dowm
into problema according to the divisions commonly employed by toxicologists,

The probiam codes ars not related directly to the udminiatfutive Or=
genization of the Project, Cdnsequently, the smallest administrative wmit,
the section, may work on more than one of the coded problems, Conversely,
more than one section may work on the seme coded problem, The administra-
tive organization will be ignored in making this guarterly report of our
research and service sctivities, ell material being asaeﬁbled according to
the program and problem codes, The contribution of each section to a
Quarterly Techmical 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 the problems sufficiently broedly
to avoid all overlapping., In cmses in which various parts of a givaﬁ in.
vestigation might be coded differently, the whols work was coded according
to its princi?al subject matter az long as the minor subjects were rela-~
tively unimportant., Otherwise, the work wes divided under appropriate

codes,

uR 01114
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PROGRAM AND PROBLEM CODES

BIOLOGICAL EFFECTS OF EXTERNAL RADIATION (X-RAYS AND yRAYS)

I.R.

%.R.1 Tolerence Studies {dose levels, survival time, gross
and histo-pathology)

X.R.2 Mechanizm of Effects (physiological and biochemical)

X.R.3 Therapy {(measures sgainst redistion effects)
L.R.,4 Hematology : | _ ~-
X.R.5 Genetics (histogenetics)

X,R.6 Embryology

X.R.7 Bacteriology arnd Immunology

P

BIOLOGICAL EFFECTS OF EXTERNAL RADIATION (INFRA-RED & ULTRA-VIOLET) -

R M,

I.R,] Fiash Burns . Lo .

=

BIOLOGICAL EFFECTS OF RADIOCACTIVE MATERIALS (CONTACT, INGESTION, ETG.-)'

R.J.1 Polonium

B.¥,2 Radon

R.M.3 Thoron _ B

RM.4 Miscellansous Project Metals “—...n;_._:

URANT UM

U.,1 Physical and Chemical Properties

U.2 Toxic Effects (description of scute snd chronic toxicity)
U.3 Toxic Limits (respiratory; oral; skin; eye; parenteral)
U4 PFate (distribution emd excretion)

U.5 Mechsnism of Toxic Effects S
U.6 Methods of Detectiom of Poisoning, Prophylaxis, Treatment .'}{4

and Protection

UR 01115
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VI,

VII.
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Be.

JFEE?&@%@%“E 1

BERYLLIUM

The

Be.l
Be,2
Be,3
Be,4
Be,.b

Be.6

Fhysical and Chemical P;operties

Toxic Effects (deseription of acute and chromic toxicity)
Toxic Limits {respiratory; oral; skin; eye; parsnteral)
Fate (distribu{:ion and excretion)

Mechanism of Toxic Effecta.

Methods of Detection of Polsoning, Prophylaxis, Treatment
end Protection

THORTUM

F,

Th,1
Th.2
Th.3
Th.4

Th.5

Physical and Chemical Properties

Toxic Effects (description of acute end chromic toxicity)
Toxic Limits {respiratory; oral; skin; eye; parqntaral)
Fate (distribution and excretion)

Mecheanism of Toxic Effects

Methods of Detectiom of Poisoming, Prophylaxis, Treatment
and Protection

FLUORIDE

F.1
F.2
Fo3
Fo4
P.5

F.6

Physical and Chemwical Propertiss

Toxic Effects (description of mcute and chronic toxicity)
Toxic Limits (reapiratory; oral; skin; eye; parenteral)
Fate (distribution and excration)

Vochanism of Toxic Effect

Methods of Detectiom of Poisoning, Prophylaxis, Treatment
snd Protection

UR 01116
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1%,

X11,

X111,

XIV.

S. M.

SPECIAL MATERIALS

I.8,

S.M.1
S.M.2
S.M,3
S.M.4
S.M.5

S.M.6

Physical and Chemical Properties

Toxic Effects (description of acute and chronic toxicity)
Toxic Limits (respiratory; oral; skin; eye; p?renteral)
Fate (distribution and excretion)

Mechanism of Toxic Effect

Methods of Detection of Polsoning, Prophylaxis, Treatment
and Protection

T80TOPES

O.S.

I.5.1
I.5.2

I.5,3

Iracer Chemistry
Radicautography

Therepy

QUTSIDE SERVICES

P.H,

PROJECT HEALTE

Hc P-

BEALTH PHYSICS

C.s.

H,P.1

H.P.z

Research and Development

Service

SPECIAL CLINICAL SERVICE

I.HQ

IRSTRUMENTATION ( SPECTROSCOPY, ELECTRON MICROSCOFY, X-RAY AND

NUCLEAR RADIATION DETECTORS, X-RAY DIFFRACTION, ELECTRONICS)

I.N.1
I.K.2

I.N.3

Research and Development
Service

Instrumentation for Qutside Organizations

NECH

UR 01117
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DECER=SiFED

ORGANIZATIOR

I, DIVISION OF RADIOLOGY AND BIOPHYSICS (3100): William F, Bale

Section Code

3110
3120
3130
3133
- 3140
3150
3160
3161
3170

3171

II, DIVISION OF PHARMACOLOGY AND TOXICOLOGY (3200):

Section
Instrumentation
Tfacar Chemistry
Radiation Physioclogy
Radiation Animals
Radiation Chemistry
Spectroscoﬁy
Radintion Mechanics
Electron Microscope
Radiation Toxicology

Autoradiography

Section Code

3210
3220
3230
3280

3260

III, DIVISION OF MEDICAL SERVICES (3300):

Seotion
Industrial Hyglene
Biochemintry
Ingestion Toxioity

Pathology

Phyaiology

Section Code

3310

PPanibh

Section

Industrial Services

Joe W, Howland

Administrative Head

Johm B. Bursh

Leon 1, Miller
Themas R, Noonan
Thomas R, Noonan
Kurt Salomon
Luville T, Steadmen
Frencis W, Bishop
Francis W, Bishop
J. Newell Stannard

George A. Boyd

Harold C. Hodge

Administrative Head

Eerbert E, Stokinger
William F, Noeuman
Elliott Maynard
James K, Soott

Asor Rothstein

Administrative Head

J. Russell Hayes

UR 01118
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3

Section Code

3312

3320

3330

3340

3350

5351

3350

Clinicel Problems
Health Physice

Project Medical Service
¥Moedical Research
Radiaticn Therapy
Hematology

Photographlc Service

DIVISION OF DIVERSIFIED PROBLEMS (3400):

Section Code

b

2410
3420
3440

344)

5442

3450

o460

Section
Mouse Genetics
Homatolopy
Protein Metabolism

Embryology

Immm ity
Flash Burns

Theoretical Problems

Administrative Head
Joe W, H&land
Eerbert E, Mermagem
Joe W, Howland

Joe W, Howlend
Leslie R, Bennett

Marylou B, Ingram

Robert L, Hay

Henry A. Blair

Administrative -Head

Elleen Otis
Lawrence E, Yow;g
G, Burroughs Mider

Earl E. Masgon
James G, Wilaom

Williem L, Bradford
Hermsn E, _Peo.raé

W. Burkett Mason

UR 01119
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PROGRAM X,.ER,

BIOLOGICAL EFFECTS OF EXTERNAL BADIATION (X-RAYS AND RAYS)

Problem Cods: X.R.2 {Mschanism of Effects)
Section Code: 3140

Authors: Eurt Altmen end Eurt Salomon

Hemin Synthesis in Spleen Homogenates:

Background: It has been demonstrated in this laboratory (1) that the
alpha~carbon atom of glycine is incorporatad in the hemin and globin moieties of
the hemoglobin molecule when glycine labelsd with c}4 in the methylens carbon
atom is fed to rats, Several instances of in vitro hemin synthesis are knoma,
"It has thus been shown that hemin synthesis from methylene-carbon labeled glyvine
takes place in rabbit bone marrow homogenates (2), It has also been shown that
nucleated evien erythrocytes are capable of in vitro hemin synthesis when glycine
labeled with NP is added to. the incubaticn_mixtura (9)s Since there exists
histoclogical evidence of éxtramedullary hematopoietic motivity in the spleen
{4, 7), it was thought of interest to test with blochemical methods the possi-
bility of hemin synthesis from labeled glycine in spleen homogenates in the
manner previously appliéd to bone marrow homogenater (2),

Method: Rabbit spleens were chosen as the source of the homogenates,
spleens from several rabbits having been pooled for each experiment, 4 spleen
homogenate from 3 rebbit spleens was prepared as followa: Tha.spleens were
hemogenized in the micro-cup of the Waring blendsr with 25 ml of 0.9% sodium

chloride solution, To the resulting homogenate 0,15 millimoles of glycine

UNCLASSIFIED

13 frp gy @

b
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UNCLASSIFIED

{containing concentrations of b14H2NH2000H*, indicated in Table 1 {Page 15), 0.06
millimoles of sodium scetats and 1,5 ml of M/E phosphate buffer, pH_T.E were
added, The homogenate was then incubated at 38°C for approprimte periods of time,
After addition of 10 mg, crystallins hemin as carrier, either hemin or ?roto-
porphyrin IX dimethylester was isolated, the former according to Nencki and
Zaleski (8) and the latter according to Grinstein (6). The protoporphyrin
dimethylester was recrystallized three times from chloroform and once from
pyridine, Hemin was recrystallized as described by Fischer {5)¢ The determin~
ation of Cl4 activity was carried out with the ionization chamber apparatus of
Bale and Masters as previously described (1),

Results: The results obtained are shown in Table 1 (Page 15),

(ne éxperiment (3 nrs. incubation) was carried out in a large Warburg
vessel permitting the collection of evolved COz in NaOH with subssquent isolation
as BaCOz., The cl4 activify of the BaCOz thus obtained was quite low (4.8 x 102
dis,/min./millimole)}, indicating that only very small amounts of the methylene
carbon atom of glycine were canverted to CO, in spleen homogenates, The C16-C1g
fatty acids isolated in several cases slso contained significant 014 activities
although the dilution of the radiosctivity was somewhat higher than that preiiously
reported for bone marrow homogenates (3)., Active protein and nucleic acid synthesis
alsc appeared to teke place in these sapleen homogenates,

Summary and Discussion: The results repcrted here indicete that hemin

synthesis cen be carried out by rabbit spleen homogenates utilizing methylene-

carbon stom of glycine as & precursor, Experiments are now in progress to assess

* The authors are indebted to Dr. B, M. Tolbert of the Radiation Laboretories,
University of Californie for meking available the labeled glycine used in these
experiments,

UNCLASSIFIED
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TABLE 1

ct4 activity of

Time of clé pctivity protoporphyrin IX
Incubation of glycine added dimethylester
Hrs. 108 dis/min/millimole 10% dis/min/millimole Co/Cex
3 4,6 16.4 28,0
14 1/2 Tel 48,8 14,8
25 503 60,0% 8.8

*

*+ Co/C = ratio of Cl4 activity (dis/min/millimole) of compound added
(Co) to Cl4 activity of compound isolated (C), i.e., the dilution

Isolated as hemin

constent,

UNCLASSIFIED
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the biological significence of these findings, especially with respect to

irradiation demegs,
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PROGRAM U,

URANTUK

Problem Code: U,l (Physical and Chemical Properties)

Section Code: 3220

Author: Willieam F, Neuman

The polarography of uranium in citrate has been reinvestigated to
correct for possible errors in previous studies‘which did not take into accoumnt
the presence of reducible U020H1‘ present in solution at pH 4 - 4,5, The
earlier studies were confirmed snd & rough estimation wes made of the dissociation
consfant for the uranyl citrate complex,

Spectrophotometric studies extended the polarographic work, established
the combining ratio of uranyl and citrate ions as 1:1 end gave the dissociatien
constant:

K, = (00,7)°(E,Cit) :
¢ R = 0,046 % 0,009

(E)S/zn(complex dimer)E
PH 300 - 337

ionic strength ~ 0,1

Problem Code: Uo3 (Toxic Limits)

Section Code: 3210

Author: H, B. Wilson

The Effects of Exposure of Rabbits and Rets to Inhalation of Hydrated Uranium

Trioxide Dust at Approximately 10 mg/m3 Concentration and 0,45 p1 Mass-Median

Particle Size .

Toxic responses ofrahl ”-;--- rats wera studied following inhnlatian

‘n. L;— ¥i ,, - ‘ UR 01124
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of hydrated UDE[UO3°2H30; at 0.45 n mass-median particle size and at UO3

,n--tﬁﬁ.

concentration of 10 mg/mso The hydrated UOz had been prepared by précipitation
from UOsClp with NaOH, Animals were exposed 6 hours daily, 5 days per week for
38 calendar days,

Chief responses in the rabbit were moderate proterinuria, slight elevations
of blood NPN and urea N and ‘slight diminution of the rate of growth; in the rat,
growth arrest during the first wesk of exposure and moderate lung damage, Histo-
pathological inspection revesled typical "uranium"” lesions in kidneys of 2ll
exposed animals, but uncovered no significant abnormslities in other organs (Qung,
liver, pulmonary lymph nodes),

Mean concentrations of uranium in the lungs of terminally sacrificed
animals were: rabbit, 83 g per g wet tissue; rat, 60 g per g wet tissue,

These are unexpectedly high values since U0z should be solubls in body fluids,

The chief purpose of this experiment will nct have been realized wmtil

these results are compared with those of e dupliecate study at larger particle-

size renge,

Problem Code: TU.4 (Fate)
Section Code: 3210

Autheor: €, W, LaBelle

Biologicanl Effects of Pile Dust,

In order to provide some experimental baékground on which futurﬁ studi;s.
of radioactive dust might be based, = sample of radioactive dust obtained from the'.
filter system of the (ak Ridge pile was suspended in physiological saline aoluti&n{“
and injected intraperitoneally into a group of 10 rats st a level of 40 mg dry“

fkﬂ
i \ J W 1 g q\-\ I _'r—-_-.‘- vy oo .
& B D d i,

u"»fn
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dust ver kilogram of body weight, Two groups of control animals were prepared,

one of which received an equal weight (40 mg/kg) of netural urenium dioxide, amd |

the other left untreated,

A1) three groups were studied intensively for a period of a month baforé,
no
snd a month after the injection. Inasmuch as all the animals survived, they were

allowsd to remmin essentially wndisturbed for an additional two months, at which

A

time one animal injected with pile dust snd ome animal injected with urenium s
dioxide had died, The entire group was then sacrificed, and the findings in the
najor organs tabulaeted,

Results:

l, Weight and Mortality. No animal dled during the 30-day peried

arbitrarily chosen as the limit of mcute response, end only two during the entire _
33-month duration of the experiment, |

Growth data did not differ appreciably from that of controls (Tsbls 1, ii
Page 20), It will be seen that all three groups grew at the sams rate before the
injection end et nearly the sams rate thereafter, the alight differences bﬁfween -
the three groups being accounted for by the temporary loss in weight sustained

at the actual time of injectiom,

2o Hematologx, The hematologic dete are tabuleted in Table 2 (Page 20).‘

Ly
o

I£ will be seen that in both groupe there was s slight increase in the -

v sk
AR ]
-

total white count aftsr the injectlon, which sesms to be due to the presence of -
unusual nurbers of disintegrating and damaged cells, The other leukocytlo :
varisbles, polymorphonuclears and lymphocytes remained within normal limite of
the controls., It is suggested as a possible explanatiom th#t these demaged celle
represent the phegocytes which had been mobilized as a responss to ‘the presence “j

of dust in the peritomeel cavity, and which retwmed to the blood streem in such

UR 01126
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TABLE 1

GROWTH OF RATS BEFORE AND AFTER INJECTION

ANIMALS RECEIVING .
Radioactive Uranium : No
Dust Dioxide Treatment -
g g g .
Meen growth in 30 days . ¥
preceding injection £ 108 £ 100 £ 100 .
Mean growth in 30 days N :
following injection 4 53 £. 56 £ 62 S
Immediate weight change 5
when injected - 1 - 7 0 R
TABLE 2

LEUKQCYTIC CHANGES IN RATS AFTER INJECTION

Numbers of cells x 10% gained or lost per cubic millimeter after injection

Total White Polymorpho= Lympho- | Damaged [+ °°
Interval Group Cells nuclears cytes Cells ro-
1 week radioactive £ 3.5 - 0,1 £ 0.4 £ 3.8
uranium £ 1.5 - 0.8 - 0.4 / 20 s
2 weeks " ;[ 1.6 - 006 - 100 }z 009 =
£ 1.0 + 0,0 # 0.1 £ 1.0 s
2 weeks " / 0.5 ;‘ 0.4 ;[ Dol / 0.9 1,
£ 0.3 £ 0,3 + 0,0 | £ 0.9 -

UR 01127
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21,

numbers as to saturate temporarily the normal mechanisms by which such cells are
eliminated,

3. Findings at Autopsy. The findings at sutopsy, 3 months after the

injection, are shown in Table 3 (Page 22),

The uranium-trested animels differed from the wmtreated controls only
with respect to the kidney, which showed & moderate degree of damage, The
animals treated with radioactive dﬁat, on the other hand, showed some evidence
of damage in each of the organs studied except the spleeﬁ. This is made more
obvious in Table 4 (Page 23), which is constructed on the following basis:

values which fall within two standard deviations of ths control mean {mean

+ 2 0) are accepted ez normal, Values differing from the control mean by more
than 2 o but less than 3 o~ are classified as doubﬁful, while values differing
from the control meen by more than 3 o~ are classified as abnormal. |

Different organs manifested changea in different waysy thus the liver
and lung showed physicel changes and changes in relative weight, the kidney, signs
of demage such as necrosis with no change in the weight of the organe, whereas
the heart showed no obvious effect other than an increase in sizs, The criteria
for atmormality are sufficiently rigorous, however, (3 a-'oorreiponding to a
random probebility of 1:1000) that the incidence of pathologic change seems well
established,

The character of the damage in each orgen mey be summarized:

Lung - The damage visible in the lung wae rather diffuse and seemad to
be only an extension of the type seen to & lesser extent in the controls, viz.,
lesions associated chiefly with current or past infection processes, If this is
true, it suggests that the increased damage is to be ascribed to a lowered

resistance to normal invaders,
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TABLE 3

APPARENT GROSS DAMAGE AND ORGAN WEIGHTS IN RATS

ANIMALS RECEIVING
Organ Radiocactive Uranium " No Treatment
Dust Dioxide Mean ¥ 5t4.D,
(¥= 9) (N = 5) (§ =10)

Iung; gross damagel 2,1 1,0 1.4 0.7
we ight® 0,64 0,60 0.5¢ | 0,08
Li?er; n 2.6 0.0 0.3 D.E
" 3.8 4,0 4,7 0.4

Kidney; " 3.0 l.a 0.1 0.5
" 0,47 0.4 - Q.45 C.03

Spleen; " 0,3 0,2 0e1 0.3
: " 0,40 0,39 0.41 0.05
Beart; » 0,2 0.0 0.0 { 0,0
: ® 0,37 0.33 0,31 0,01

(1) Arbitrary scale, 0-10
(2) As percentage of body weight
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TABLE 4

PATEOLOGICAL CHANGES IN RATS EXPOSED TC RADIOACTIVE DUST

Fractions of Animals
Organ Whose Organs Were Dirsction of
Normal | Doubtful | Abmormal Change
Lung 5/9 3/9 1/9 Increased weight
5/9 2/9 2/9 Increased "damage"
Liver 2/9 4/9 3/9 Decreased weight
3/9 2/9 4/9 Incrensed "damage®
Kidney 5/9 0/ 4/9 Increased "damage"
Spleen 9/9 o/9 0/9 ——-
Heart - 1/ 0/9 8/9 Increased weight
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Liver - The abnormal livers were dark in color, reticulated and friable,

They appeared to be swollen with blood in spite of the decrease in tﬁe total 'Bigﬁt
of the organs, Numerous black nodules were visible below the surfece, usually
grouped into definite zomes or patches, - _

Kidney - The demsge in the kidneys ranged from moderate hemorrhages tO'i
severe necrosis. In one animal, one kidney was completely non-fumotional, the
other severely hemorrhsaged,

Heart - No outward signs of dsmage were noted, but in nenriy every
cese the organ was 10-30% larger than normal. |

Conclusions: Injection of radicactive "pile dust" into the peritoneal
cavity of rats produced no specific chanpes in the enimals during the first month,
After 3 months, severe degenerative changes were demonstrated in the liver, kidney
and heart, andbposaibly the lung, These changes may be of three general tffés: -
(1} changes due to direct irradiation; (2) changes due to direct chemicel astion,
or; (3) changes occurring as secondary effects, i.e.,, because of lowered bacterial
resistance, asccumilation of toxins, etc, It seems probable that the diveraity
of the response is related to the heterogenity of the dust sample, It‘wvuld“
therefore seem advisable to attempt & preliminary fractionation of the dnst-
sample, because of the diffliculty in sorting these diverse effeots during

transport of radioactive dust in and through the lung,
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PROGRAM Be, -

BERYLLIUM

Problem Code: Be.l {(Physical and Chemical Properties)
Section Code: 3220

Author: William F, Neuman

Having developed micromethods for Be employing elkannin and napthazarin
sone woék has been done on elucidating the mechanism of color formation., An-
snelogue, juglmme, has been synthesized which together with other data indicates
color formation is due to the existance of m chelate compound of Be and the
anthraquinone, The active groups required for this compound formation eppear

to be: o

’ -

.2
Thic concept is contrary to the popular view expressed by Feigl that color

P

formation involves adsorption of the anthraquinone on a metallic hydroxide
"ake",

Considerable success has attended our efforts_at puriﬂ&ing morin, The
purified product unlike the commercial product (which contains inmnumerable tars
and related substences) is quite specific for Be and shows a remarkable sepsitivity
(detection limit = 0,002 /15 ml orlpt per 10 billion), Thus the fluorimetric
determination of Be using morin appears most promising,

Further ultrafiltration studies of Be in citrate medium have beem

carried out, Results will be reported subsequently.
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Problem Code: Beo3d (Toxic Limits)
Section Code: 3210

Author: R, H, Hell

Toxicity of Inhaled Beryllium Fluoride, Continuing the program of

investigation of the toxicity of beryllium compounds by inhalation, & preliminary
study hes been completed in which 6 species of laboratory snimals were exposed

to & concentration of 10 £ 1,4 mg/m3 of beryllium fluoride mist, Colorimetrie
analyses of filter paper dust samples indicated an average concentration of 52%
of that calculated gravimetrically es BeF,, The toxic mist was produced by
aerosolization of & solutiom of beryllium fluoride containing 0,52 g/ml of

solute (spectrographic anslysis) snd having a specific grevity of mbout 1.2 gnd
a pH of 1,5, The mean temperature in the chamber during the exposure period

was 70,6 +1,0° F and the mean relative humidity, 38+ 3,2%,

4 total of 102 enimals was exposed, comprising 6 cats, 6 male dogs, 20
guinea pipgs, 20 female mice, 10 rabbits and 40 rats, The guinea pigs were
equally divided in 2 groups with respect to sex. Two groups of rats were exposed,
each comprising 10 individuals of each sex, 1 group made up of young adults, the
other of year-old animals, Preceding exposure to the toxic mist, the enimals
were conditioned for two weeks in a mist-free exposure chamber, During this
time, they were subjected to the same conditions of temperature and relative
humidity, daily handling and food deprivation as during the exposure period,

The snimals were weighed at regularly scheduled intervels and blood specimens
were obtained from each of the 6 dogs for determination of serum protein, plasms
fibrinogen, serum mlkaline phosphatase and biood urea nitrogen concentrations

and for complete cell counts and determination of hemoglobin concentration,

UNCLASSIFIED
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wemetocrit and sadimentation rate, Data obteined during the conditioning period
provided an index of the suitability of the particular enimals for further
experimental étudy-as well as control values of the szeveral ‘toxicologic indices.
The animals were exposed § hours deily, 5 days each week, It was
planned to continue the experiment for 3 months, but exposurse was terminated after
63 hours because of the high percentage of mortality. Deaths occurred during
expesure in all species except cats, One dog disd and enother was sacrificed in
a moribund condition after 5 days of exposurs, Cumulative mortality among the
guinea pigs was 35% with no significant difference between males and females,

Thirtv ner eent of ths mice died within 80 hours of exvosure. The lowest
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the dogs likewise lost weight, ranging between 8,2 and 20.2% of their initial

"weights. Since one dog died and another was sacrificed after the 5th day of L5

exposure, the data for this species are not comparable with those for the cats,
A1l the mice mnd a1l the rats lost weight with the exception of the young females
of the latter species; The weight loss of the young adult male rats amounted
to 6.6% of their meximal pre-exposure weights, Among the one-year old rats, the
males exhibited a weight loss of 22,3%, the females 18,6% of their initial weights,

211 of the dogs exhibited an increase in red bleod cell count, hemo-
globin concentration and hematoerit, which wes interpreted as evidence of heno-
concentration resulting from severe pulmonary irritation end edema, Correlated
with these hematologic changes, there was an increased concentration of serun
alkeline phosphatase, plasma {ibrinogen and blood urea nitrdgen without significant
changes in the concentration and distribution of the serum protein, Becauss of
the extremesly rapid Onsef of the changes noted in serum alkaline phosphatase,
plasma fibrinogen and blood urea nitrogen concentrations, as well as the oﬁviously
severe alfects observed in the dogs, it seems probable that all of the clinical-
chemical findings are referable to hemoconcentration.

All of the animels surviving after 63 exposure hours wers sacrificed,
Autopsies were performed and bone and tissuse sections were taken for microsoopic-
examination, In addition, autopsies were performed arnd tisgsue sections were
prepared from the organs of enimals that were sacrificed or that died during tha.”
course of the exposure period, No lesions attributable to toxic effects of
beryllium were cobserved in any organ other than the lwmg in any species, The |
lung changes were inflemmatory in nature and similar to those previocusly observed -
in animals exposed to BeSO,e6H;0 mist, The lesions were similar in character B

in all species but their extent and severity waried considerably. The most
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- extensive pulmonary damage was observed in the dogs, rabbits and cats in the order
mentioned, No definite pathologiﬁ changes aﬁtributable to berylliuﬁ fluoride
inhalation were found in the lungs of guines pigs and mice and only minimal effects
were seen in the rat lung,. |

From the results of this experiment, it is clear that the fluoride of
beryllium is considerably more toxic them the sulfate, The concentration, am
Be¥,, was chosen to give about the same levsl of exposure to beryllium as in a
previous experiment with BeS04¢6H20 mist at 50 mg/m3 (about 2 mg BqﬁnS), in which
e median lethal dose for rats was attained after 2 weeks of exposure, In the
present study, 50% mortality was observed among the rats in sbout 2 weeks after
exposure to a beryllium concentration of only about 1,0 mg/m3, Beryllium fluoride
is, thérafore, roughly sbout twice as toxic as BeSOy. The failure to observe |
histologic evidence of damage in the lungs of the guinea pigs, mice and rats is
difficult to reconcile with the relatively high incidence of mortelity in thesze

species,

Problem Code: Be,3 (Toxic Limits)
Section Code: 3210

Author: H, E, Stokinger

Production of Apemis in Acute Experimental Beryllium Poisoning. This

report swmarizes the production of anemia In dogs and rats exposed by inhalation
to beryllium sulfate and describes the nature of anemia end its trea tment with
folic acid and vitemin B-12, Anemia, tentatively described as macrocytic, recently
hes been recorded in these laboratories as a result of the inhalation of beryllium

sulfate mist, at a level of 1 mg/m3. Because this level, which wes eguivalent to

UNCLASSIFIED
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but 40 ng Be/m3, produced only borderline response and because the possibility
existed that the anemia was an adventitious finding and a somewhat ﬁnexpacted
result, no particular precautions were taken to minimize factors that may have
predisposed the ansmie such as common parasitic infestations and insdéquate
nutritional status of the snimels, Accordingly, the present sxperiment was
performed in which these factors were controlled to s greater éxtent. 4 S-week
pre-exposure period was employed during which the nutritional status of the
animals was brought to & maximum with dietary supplemsnts (Lextron)*, parasitic
infestations were reduced and control deta on weight and hematologic and bio;
chemical variables were followed, In addition, irn order to insure & more definite
response, the level of the present study was increased to approximﬁtely

4 mg BeS04°6Hp0/m3,

Materials end Methods, Eight'dogs and 40 rats were each divided into

equal groups, One group of each species was placed on the usunl diet; the diets
of other groups were supplemented daily with folic acid as part of the study to
determine the effect of this vitamin on the anemia, Dogs were administered folic
ecid in amounts of 10 mg per day in 2 divided doses by capsule orally. This

dose later was doubled and finally two weeks prior to the end of the 60-day
.gxposure, vitamin B~12 was administered in dosages of mpproximately 2.5 pg per
dog per day, The rats received a dosage of folic acid amounting to approximetely
2 mg per day per rat on the basis of food consumed, Weight and mortality records
wers kept on both species, Accurate daily food intake records were kept om the
rets during exposure but only daily approximate records on the dogs., On a weekly

basiz, blood counts were made in quadruplicate on the dogs., Biochemical

* A liver-stomach concentrate containing ferrous iron and vitemin B complex,
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determinations on the blood of these animals included estimation of total protein,
albunin and globulin, as well as alpha, beta end gamma globulins and calculation
.of the A/G ratio, Weekly determinations were also made of serum alkaline
rhosphatase and serum~dilution turbidity.

Exposure Conditions, The enimals were exposed daily in an approximately

7 £t° chamber to & mist of beryllium sulfate approximating the compoeition
BeS04-6H50, The over-all concentration of mist to which the animals wers expoaad.
was 3,6 gaﬁmS calculated from the spectrographically adjusted daily averages of
254 samples taken hourly throughout the 5-day wesk of the €0-dey exposure, The
chamber temperature during exposure averaged 74 F; the relative humidity averaged
46%.

Results,

Production of Anemims, Both exposed groups of 4 dogs each devaloped a

mecrocytic anamig irrespective of treatment with folic acid; accordingly, no
distinction will hereafter be made between the responses of the 2 groups., The
development of the condition was gradual and progressive starting in from 1-3 weeks
after exposure to beryllium had begun, Anemia was demonstrated by an over-all

fall in red blood count of approximately 2 million cells (7.1 - 5,2 x 10%) after

& weeks of exposure; hemoglobin values fell from an average of 15 to 13 g%

during this interval, At the same time, the mean corpuscular volume (MCV) rose

cn the average from 69 to 86)u3 based on hematocrit readings, MCV showed peaks

&t times during exposure atteining wvalues as high as 96 u3, Thus on these bases,
anemia of & macrocytic type has been estahblished,

Weight Response. Characteristic of acute beryllium poisoning, 7 of 8

_ dogs lost weight progressively, Thiaz was first noticed 10 days after the start

of exposurse, Losses amounted to from 0,6 to 2.7 kg in dogs everaging 9.1 kg

UNCLASSIFIED
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(range 6.8-10.8 kz)o Typical of beryllium poisoning, weight loss was not related
to food inteke, Degs regularly consuming their diet, freguently los¥ ag much weight
as those that consumed only part of their diet, One dog of the 8 showed no weight
change during the 60 days of exposure, Toward the end of exposure, a tan#ancy
toward weight recovery was noted, although this mmownmted to but 0.2 kg.

Mortality. Two of 8 dogs died as a result of beryllium exposure, One
dog died following 21 deys of exposure, the other following 43 days of exposure,
Although both these dogs had received daily supplements of folic acld, it 1s
difficult to believe that the folic acid in any way.contributed to their death,

Biochemistry, Correlated with the hematelogic findings was & hypo-

albuminemie in all exposed dogs., Trends were progressive and gradusl in mll
dogs (save cne in which an oscillation between normal end subnormal velues
occurred) and amounted to from 2-3 g%, Concomittently, & progressive hyper-
globulinemia occurred in 5 of the 8 dogs, a phange interpreted not as compensatory
in nature but resulting from the damage to globulin-producing tissues such as
the retieuloendothelial system, Likewise, a progressive rise oceurred iﬁ the
gamma globulin fractien in 7 of the 8 dogs, XNo appreciadble changes occurred,
however, in the total serum protein, |

A progressive upward trend was noted in the variable designated as
serm dilution turbidity¥-in 7 of 8 dogs, This finding is considered to be in
agreement with the observed relative hyperglobulinemis because the serum
fraction respansible for a positive test of this facter is thought to be closely
related to the presence of gamma globulin in the serum in relation to the

formation of ebnormal lipid protein complexes,

* Dreyfuss, F., J. Lab, Clin, Med., 33, £72 (1948)

)
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Determination of serum alkaline phosphatase was uninformative,

In conformlty with the hematologic findings no differenceé in response
were noted in the biochemical findings between the dogs treated with folic ecid
end these net so treated,

Anemis in Rats. In contrast to the dogs in which weekly counts were

made, only terminal blcod counts were made in rats, Values were obtained on five
rats exposed for & period of four weeks and on the seme number exposed for & period
of six weeks, Red blood counts at these periods were respectively 6 and 5.5
million compared with values epproximating 8 million prior to exposure, No chenge,
however, occurred in the hemoglobin so that the mean corpuscular hemoglobin rose

from a normal of approximately 20 to nearly 30 on the average., Thus anemim of

a different character has been established in e second species exposed daily %o

beryllium sulfate mist, It is tentatively classed as a macrecytic, hyperchromic

anemia in the ebsence of hematocrit deta,

Nature of the Anemia, 4 number of interesting aspects of Anemia produced

by beryllium have been brought to light from studies on: (1) time required for
development; {2) duration; (3) cheanges in composition of red cell sitrome and certain
lipids of whole red cells; (4) mechanism of anemia production; and {5) comparisons
of the enemias developed in different species,

Time -Factors, At the level of 4 mg/md beryllium sulfate, the trend

toward anemim development was first noticeable after cne week in some dogs and

as late as 3 weeks in others, In m previous study of 1 mg, anemia developed enly
after from 3-8 weeks, Thus the time of onset is dependent upon the concentretion
st which the inciting agent is inhaled, At the ¢ mg level, no positive indication
of a return to normal hematologic status wes indicated during the 6 weeks of

continued daily exposure,
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In a separsacte éxperlmént {3 dogs) especially designed to determine the
time for recovery from anemia after exposure to berylilium. recovery beceme apparent
only efter from 8-10 weeks and then recovery was only partial, The dogs were
maintzined on their usual diet of Purina Dog Chow supplemented with Evr Redy bone
meal, This study is still in progress, The grade of exposure in this experiment
was comparable in every way to that of the mejor study. Thus it is shown that
the anemia produced by beryllium is probebly not permanent but once well-esteblished,
recovery is slow, ifhether recovery is complete cannot be stated at the present
tine,

Changes in Constituenis of Red Blood Cell, Changes in the amounts of

certein compoments of strema and of whole red blood cells were notéd in the above
dogs, in which recovery studies were made and also in dogs exposed at s 1 mg
level of berylliﬁm sulfate. At the present time, these changes are felt to be
sssocinted with the toxic anemia, Two types of biochemical exeminations have been
made chiefly on dogs and in some cases on rabbits, One was the determination of
protexn and lipid of the red cell stroma, the other, the phospholipid and free
cholesterol of the total red cell, Examination of the blood of one dog that had
become enemic from beryllium exposure showed at a hematoerit of 40 volimes per
cent an abnormel stroma protein to lipid retiec of 3,2, The normal protein to
lipid ratio is 1,5, Stroma protein in the mnemic dog was B.4 end strome lipid,
2,78 mg/hl: normal values are respectively 6 and 4 mg/ml,

The quantitative analysis of the total red blood cell has shown phos-
pholipid end éholesterol to increase upon continued exposure to beryllium, f{ree
cholesterol being slower and less marked than phospholipid in exhibiting %the
increase, Phospholipid attained values more then 2 sigma from the normal,

cholesterol slightly more then 1 sigma,
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echenism of Anemis Froduction, Utilizing e staininsg technique developed

v Nizetr, = determinationwas made to learn whether beryllium intééfered with the
aaturation of the red cell., This technique involved a steining of freshly drawn
heparinized bleod with Brilliant Cresyl Blue and observing the cells both before
and arter incubation at 379 for ripening, by darkfield illumination. The immature
red cells by this technique appeer ss yellow granuler orbs, whereas the mature

red cells appear as a background of dark red-brown cells,

Upon application of this technique to 3 dogs exposed to beryllium sulfate
mist for 6 weeks, when enemia amounting to a decreese of 2 million cells had been
established, the number of immature cells in the circulating blood was so reduced
es to make 8 measurement of their ripening time useless, One dbg showed no
reticulocytes whatscever; enother showed 7 per thousand and a third, 1€ per
thousand, The normal reticulocyte count of dogs renges from 30-60 or more per
thousand, Thus the cause of the anemia in dogs expesed to beryllium might appear
to bs dué to beryllium slowing the liberation of rsticulocytes into the bloed.
Normoblestic activity has been noted, however, in bone marrow sections of dogs
with beryllium anemia., Therefors, trouble may arise in an earlier stage in red
cell formation such as protein synthesis by the liver. This conforms to the finding
of hypoélbuminemiao No evidence has been obteined that the anemia was due tﬁ &
hemolytic action or to nutritional effects,

Anemie Treatment by Folic 4Acid,

Rats, Results of e single experiment in which 20 rats were fed & fox
chow diet supplemented with small amounts (2 mg per day per rat) of folic acid

showed that folic acid prevents or retards the development of enemia in rate,

* Acta Med, Scand., 117, 199 (1944)
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3lce counts, hemoglobin concentration and celeulstion of mean corpuscular hemo-
zlobin (MCH) were mads on 5 rats on the folic acid diet and a similar number on
the regular diet after 4 and 5 weeks of exposure to beryllium sulfate at 4 mg/h3,
Red blood cell counts of the foliceacid treated rats at the 4th and 6th week perio%s
averaged 7,9 and 7.3 million; respectively; rats not receiving the folic acid |
supplemsnt showed average red blood cell counts of 5 and 5,5 million at their
respectiﬁe periode. There appearad to be e compensatory increase in ﬁamoglobin
concentration, for average velues of hemoglobin in ell 4 groups of rats were
indistinguishable from one another, and values of MCH eccordingly rose to an
average of 2?)94yﬁmm3 in the rats not receiving the folic mcid compared.with an
average of 21 in the 2 rat groups receiving the folic acid, The normal MCH value
for rats is 20% 2.5.

Beneficial effects, other than prevention of anemis, gttributable to
folic acid administration have also been obasrved. These have included effects
on general condition, fopd comsumption, body weight, mortality and lumg weight,

Food Consumption., Aocurate daily memsurements of food intake in groups

of 20 rats each, ome with end one without folic acid in the diet, showed that
dietary intake was approximately 1,5 times better in rats given the folic acid
than those not receiving tﬁis supplement, During the one month period in which |
the dietary intake was measured, the folic-acid treated rets always consumed more .;
than 70% of the 20 grems edministered per rat per day; rats on the regular diet,
however, consumed commonly emounte as low as 30% daily of the 20 grams administered,
After the first 4 weeks of‘e¥po§ure, however, less difference in dietary intake
was noted,

Body Weight. Folic-acid treated rats at all times showed & weight

increase; rate not receiving folic aocid lost weight progresaiﬁely during the L
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“irst I weeks of exposurs, the loss amounting to 127 of their original pre-
exposure weights. By the 6th week, however, this loss had been recovered, A4t
this time, however, folic-acid treated rats had gained 18% of their pre-exposure .
welzhis,

Mortality, 4mong the rats on the regular diet, the mortality was 405
(8 of 20); among those on the folic acid diet, 15% (3 of 20), Deaths occcurred
between the 12th and 21st day, After that period, no deaths occurred although
exnosure continued on through the 6th week, |

lung Weights At the conclusion of the 4th and 6th weeks, rats were
sacrificed from each group for the purpose of investigating the manner in which
folic acid acts to protect rate from beryllium poisoning, For this purpose, the
retio of lung weight to body weight was determined ae & measure of the amount of

lung injury, Sections were also takem for lung pathology and contemt of beryllium,

At the end of 4 weeks, the ratio of lumg WBight to body weight of the
folic-acid treeted rats averaged 0.88% in comperison with 1.09% in a similer group
of B untreated rats, thus indicating greater amoun£s of edema in the animals not
receiving the follc acid, Larger groups of animals sacrificed 2 weeks later
showed less distinction between groups, Averaged values of 11 folic-acid treated
and 7 normal diet rats showed #alues respectively of 1.05% and 1,14%., A% the
present time, no pathclogy report is available on these tiesues,

Beryllium Content of Lung and Femur, The mean total bsryllium content

of lungs of foiic-acid treated rats was less than that of rats not recsiving foliec
acid; values of 4.8 and 5.9 yg per total lung were attained, respectively. No
distinction between ths total amounts of beryllium in the femurs of these animals
were noted, These values were found at the end of 4 weeks of exposure, After

6 weeks of exposure, no difference between the beryllium content of total lung
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was apparent, being 8,0 and 7,3, respectively; and again no differences betwsen
content of femur in the itwo groups were noted.

Dogs, In marked contrast to rats, 4 dogs, éxposed daily to beryllium
.iist and receiving deily supplements of folic acid, showed no difference in amy
~henmatelogic variable measured throughout a 6-week treatment and exposure period, ;
Anemia developed as rapidly and to the seme extent as it did in & similar number.
of control dogs receiving no folic acid supplement and exposed under identical
conditions, Neither group varied significantly from the over-.all everage of the
red count of 5.2 million lowered from an originel average count of 7.1, Likewise
no distinction was noted in the dscrease in hemoglobin concentratlion to the 2
groups which emounted to 2 g%, Associated with these changes was a riss in-the
HCV in both groups of esnimals to approximately 90‘P3. Thus the ansmia developed
in dogs upon exposure to beryllium differs in 2 respects frem that in rats: (1)
there is a decrease in the hemoglobin concentration as well as in the red blood
count; (2) these decreases wa;e unaffected by prophylactic administration of folic
acid, |

Anemia Treatment by Vitamin B-12, Because fcllc ascid was ineffective

in modifying the course of anemim produced by beryllium in dogs even in comparatively
large doses (20 mg par day), after a period of 6 weeks, vitemin B-12 wes edministered
to 4 dogs subcutansously in daily doses of 2,5 pg per day, Administration of this
vitamin was made irrespective of the prior treatment of animals with folic mcid
which was &topped after the first injection of vitamin B-12, No wvitamin B-12
was ziven to 2 dogs serving as controls.

Within a period of 48 hours nll 4 dogs receiving vitemin B-12 showed
trends toward sn increase of red blood cells and reduction in MCV, No alteration

was caused in hemoglobin concentration, however, After appreximately Z weeks,
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'
séninistration of the vitamin neartially restored the red blood count, Unfortumately,

i
I of the I control dogs appearsu to show & slight rise st this time, vhether this.. .

wes due te s counting error or & sponteneous remission is undecided, Aecordingly,.

. f_—- - AI.-_ .
it cennot be said from these very preliminary tests whether vitamin B-12 is Fiar

o
RPN

capable of increasing formation of red blood cells in a beryllium-produced anemin,, .

A longer time-study is needed,

Conclusions, The chief contributions of this study %o a knowledge of’???f':
physiologic action of beryllium consist of the following, ' -E?é,r
(1) An anemis is produced in dogs and rats by daily inhalation of "

beryllium sulfate,
| (2) The anemia produced by the single toxic agent, bsryilium, is.not

identical in both species, This is based on two cbeervations,

PO YOS R
o [ .
LS

(a) In dégs there is e fall in red blood count and hemoglebin
concentration and & rise in red cell volume with only a slight or _”rfj:? -
occasional rise, but more often & fall in mean corpuscular hemoglobiﬁ';':j'
concentretion, thus classifying the enemie as macroeytic without fﬁe
further reference to cellular hemoglobin contents In rats, there-is i_

& decreass in red blccd count but no concomittant change in hsmoglobin -C

and accordingly a distinct rise in meen corpuscular hemoglobin, lesding

LT

to a classification of macrocytic, hyperchromic anemia, _

(b) The difference in response to folic ecid is distinct in the:';fgii
two species, In the dog, no effect on the mnemia or any other faotqf ijji;'
ocourread from the uae of this vitamin; In the ret, folic acid pravog£§d&l-'
or gregtlj slowed the development of the anemias end in addition produchj;
in this species beneficial response in 5 other criteria of berylliuﬁ: | ;

poisoning.
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Thus on a hematologic basis, there is an.indicatad difference in
the nature of the macrocytic anemis ;nd in addition on & mechanistic
basis a still greater difference in the enemias exists, The cause of
this difference awaits further work,
{3) The time for the development of the eanemis varies according to the
concentration of the inhaled, inciting agent., Air concentration of 4 mg/m® of
beryllium sulfmte requires from 1-3 weekz to precipitate the anemis; 1 mg requirea

periods ef from 3-8 weeks, The duretion of the snemia in all probebility depends

'upon the retention time of effeotive concentration of beryllium in the site where

synthesis blockage occurs,

(4) Anemis mey be produced by beryllium reterding the liberation of
reticulocytes into the bleod, or by injuring the liver (oy kidney) as evidenced
by the reduction in hemoglobin forﬁatiun, production of hypoalbuminemia end the
doubtful effect of vitemin 8—12'in‘dcga. Thus the enemis may be related to the
over-all disturbance in nitrogen metabolism,

(5) Associated changes were ohserved in the smounts of lipid and protein
of the stroma and in the pﬁospholipid'nnd cholesterocl of.ﬁhﬂ blood.cell.

(6) The ability of folic acid to prevent the anemia in rats but mot in
cogs becomes more understandasble in the light of the somewhat different type of

anemia produced in the two species,

Problem Code: Be.,3 (Toxic Limits)
. . .
Section Code: 3220

Author: V. F. Neuman

A comparison has been made of the toxicity of IV BeSO, in young and edult
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rats, Althouch age was an important factor, sex did not affect the toxicity., The
LD50 for young {30 day) albino rats is approximately 3 mg BeS04°4 HzQ/kg for adults

(150 dey) approximately 7.2 mg/kg.

Problem Code: Be,3 (Toxic Limits)
Section Code: 3230

Author: E, A, Maynard

Weanling rats wers fed beryllium cerbonate (BBCO5'3B0(OH)2-2H20) a2t &
dietary level of 5.0% for a period of one month, Theas rats were then returned
to & stock diet contaiﬂing ne berylijum, It is interesting to note that these
rats developed the same sort of rachitic-like lesions es reported earlier in rats
fed beryllium sulfate at & dietary level of 5,0%. Then followed radioéraphically
these enimals gave the same picture of apparent healing followed by e radic-lucent
area in the proximel portion of the tidbiel shaft.

Hiétopathological studies of tissues from rats fed beryllium mefal and
other rats fed beryllium oxide {fluorescent grade) for 30 days, at dietary levels

of 0,5, 2,0, and 20,0% disclosed no changes due to beryllium,
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FLUORIDE

Problem Code: F,3 (Toxic Limits)

Section Code: 3210, 3230

Author: F, A, Smith

Acute and Pileot Feeding Studiss,

Observations on the effect of dietary sodium fluoride in uraniume

poisoned rats have been reported earlier (1) as have anlso the blood end urine

fluoride levala of rets fed different levels of sodium fluoride in the diet

(loc.cit). In Teble 1 below are listed the fluoride contents of the diets: as

fourd by enalysiz of single samples taken at each level.

It will be noted that

the diet intended to contain 0.2% sodium fluoride, actually contsined close to

0435,

TABLE 1

FLUCRIDE CONTENT OF RAT DIETS

Sample | Sodium Fluorids | Sodium Fluoride
No. Theoretical Found
% %
1 Contrel 0.01
2 " 0,005
3 " 0,005
4 " 0,005
5 0,10 0,09
] 0.20 0.28

£

[N
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At the conclusjon of these experiments, the surviving animsls were-
sacrificed and bone end tooth samples removed for fluoride analysis in order-to .
determine the exitent of fluoride storage at the respective levela of dietary-
intake. The results of thess snalyses are listed in Teble 2 (Pege 44) and tha
date for those rats 83 days on diet ere shown graphically in Figure 1 (Page~;g),

In this graph, the upper dietary level has been teken az 0,3% sodium fluoridéf;a
approximated by snalysis, Because only one animal survived om the 0.4% level, the
fluoride contents found for these ssmples are not included here. These data-show
a progressive increase in the fluoride deposited as the level of dietary inénkn

is increased, In general, slightly more fluoride is stored by the female, though
the curves for the same fiaaues of the two sexes are closely similar in ah;p°.

The root and crown of the teeth deposited the greatest amounts of fluoride,_
followed by the epiphysis, alveolar diaphysis in descending order of amonﬁf;?*‘“
atoréd. This order of storage is a reflection of the different rates of grp?th

of the various tissues, those zhowilng the greater grcwth'rtte being the tissues
storing the greater amounts of fluoride, A two-fold incresse in stored flno;idﬁ' )
was noted for the roof; crown and alveolar bone of th; mele rats as the level of
dietary intake was increased thres-fold., The femmles showed a two-fold increase
in the root snd mlveoclar bone only. The epiphysis and diaphysis of both 332;;-;55
the crown of the femele showed a 1,7~fold incresse., The closely similar fluq;ido_m
contents found for the tooth root end crown of rats on the 0.2% level for 244 and
83 days is considered to bs due partly to normsl attrition of the teeth and partly
to the fact that the incisors of those rats on diet for 244 days were ciiéped.

The ¢lippings were anelyzed and found to contain 1130 ppm fluoride (aah wuight).

The fluoride content found for the epiphysis of rats on 0,2 and 0,4 per cent

UNCLASSIFIED
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FIGURE 1. Fluoride Gontent of Usseous Tissues of Rats Fed
— pifferent Levels cof Sodium Fluoride
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3 davs suzzesis that s aaximus storag: level has been reached

- ror this tissue., It will be noted, however, that only one sample was available

{rom rats on the 0.4 per cent level,

(1) Quarterly Technical Report, July 1, 1%48 through September 30, 1948 (UR-45)
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PROGRAM S,MH.

SPECIAL MATERIALS

rroblem Code: 8.M.3 (Toxic Limits)
Jection Code: 3210

suthors: Sidney Laskin, Paul Frank, Domald Meier

Ifficiency of Sempling Methods for the Collection of Toxic Atmospheric Impurities.

The existence of toxic atmospheric impurities, such as beryllium at
levels of concentraticn well below the order of magnituée listed for the common
toxic egents, has placed the:sampling problem in a position e¢f being close to its
limitations of measurement end efficiency. Previously, acceptable comparative
values of 90% efficiency or better are no longer signilicsant, since size
characteristics and concentrations of toxic agents may, in many cases, be similar
to that of material previously passing the sampling.device, In order to aid im -
this problem, a program has been in progress to investigate the methods for the
determinetion of the absolute efficiency of the available sempling devices,
farticular emphasiﬁ is being placed on the filter paper dust saempler and e
comparative examination of various papers is plenned. Also projected is further
work toward the development of more efficient sempling devices and a charecterizetion
of particle sizes with relation to their effect on the efficiency of concentration
campling devices,

Most of the procedures for the determination of the efficiency of
sampling methods previously available were comparastive in nature snd although of
value in the selectiom of better methods, pave ne indication of the absolute
efficiency, Trains of similar or different samplers were also used in which the

efficiency was dotermined as that of the ratio of the concentration in the f{irst
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gampler to the sunm of the series, Various reports of such procedures at hochester
with the filter peper dust sampler in trains indicated a range of 94-99% efficiency
with Whatman #41 paper {or various uranium ;ompounds. Cn the basis that the last
sampler in the series did not collect any material, the train was considered to
be 100% efficient, However, objections to this procedure have been raised on the
hasis that material which passea the first pgper possessed size characteristics
which to a 1afge extent may have enabled i1t to pass through the entire train., It
is of some intersst in this respect to point out the good agreement of these
former results with those reported below for a more refined procedure,

In order to develop & mgthod for memaursment of absolute efficiency of
a sampling device, 4wp procedures are being investigated, These include the use
of & ligquid nitrogen cold trap snd a flame photometer as slements in a sampling
train, The oold trap was introduced as means of providing a method for trapping
all materiel fhat escaped the sampling defice on the baals that the particles
would act as crystallization nuclei [lor the emtmoapheric moisture, Liquid nitrogen
was used to permit high sir volumes to be drawn through the trap. After several
preliminary experiments ﬁ 2 x 5" verticaleavel eoil constructed of § turns of 4"
pyrex tubing was found to be & highly efficient sampling device for an air flow
of 14 liters per minute. Since 1t was necaasary %o prove that this method was
close to 100% efficient the flame photometer was developed to provide an absolute
method, The flame photaneter does not provide a simple field method and has the
me jor objection of requiring that the air be pushed through the sampling train
rather than drewn through it as is conventionally done in sempling, It does,
however, provide a means of stendardizing other methods,

The flame photometer developed was constructed from the burner and gas

controls of a Beckman Fleme Spectrophotometer in conjunction with the photocell

UNCLASSIPFIED
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snd balancing circuit of a Coleman Universal Spectrochotometer, J3ince the diffraction
5rat;ng of the Colemarn instrument was found to be unsatisfactory, & Farrand
Interference Filter with a peek at 594 mp and a half bend of ¥ 12 mp was substituted
for studies with the sodium lines, These were chosen because of the excellent
respouse and increased sensitivity of the instrumsnt in this region, In the
efficiency studies reported, all atmospheres contained either sodium alone or as
& purposeful contaminant to permit analysis. The fleme photometer was calibrated
against standard NaHpPO, solutions using the Beckman aspirator, The reliability
of the instrument was determined ageinst NaH,PO, solution and NeCl standards, Ror
nine repeated determinations the mean concentration was 1.37 mg NaH2P04/cc vith
a standard deviation of 0,03,

The source of suspended material used in the studies was an amerosol
feed with & constant leveling device as described in previous reports, "The
serosol was conducted to a mixing chamber and then to the filter paper dust sampler
followed by the cold trap and the flame photometer, The concentration retained
on the paper was determined by weight change on & dry basis or by analysis, The
emount retained in the liquid nitrogen trep was determined by analysis. The
concentrations entering the flame were estimated from {lame intensities by compar-
ing them with those obteined from standerd scolutions of sodium chloride aspiratéd
directly into the flame.

Only preliminary results are available for atmospheric suspensions of
KaCl and UOp(NQz)s mixed with NaCl, Particle-size distributions were similaer
with size-mass medians ranging from 0,70 - 0,75 micre and with 95% of the material
below 1,2 - 1,3 micra, Sempling rates varied depending upon the type of train and
conditions of the experiment. Whatman #41 filter paper was used for all sampling

tests,.
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With a mixed UQy(NC3),-NaCl atmosphere having an averasge concentration
22 59,1 mg U’/’m3 and 4,7 mg Nqﬁms, sampled at & rate of 8,8 litéra/ﬁin,_the BVOTrage
svsolute efficiency was found to be 95,6% with a range in values from 54,6 - 96.3%..'_
4 second filter peper placed in the train showed an average comcentrstion of 2. T%
with a range in values of 2.9 - 5,0%, Average concentrations of 0,5% with values fi_
from 0.1 - 1.4 g were obtained in the cold trap and 0,2% with values from 0,2 %o
0.4% in the flame photometer. A source of error in this experiment was discovered ':;
when it was realized that part of the material collected in the cold trap was
heing blown off as the air in the trap expanded on being heated to rodm tempsrature;-
3y allowing the air from the tr;p to expand through bubblers, an error up to 0.5%
in the determination of the filter papsr efficiency was attributable to the bl@w 
off, This error is within the range of the values obtained for absolute efficienpieé.
The everage results, therefore, are reported for comparison with the previously 'ttﬁﬁf
reportad efficiency values of Whatman #41 paper in a two-filter-paper train .
(95,67 compared with 95-97%)., In later studies & more satisfactory method for
eliminating the cold-trap error was to allow the air to expand into rubber
balloons containing weter so that thorough scrubbing would occur befere relsase
to the atmosphers,

With a sodium chloride atmosphere at average concentration of 29 mg
Na/hS sampled at 11 literq/min., the absolute efficiency of Whatman #41 paper
was found to be 96,1% with a range in values fram §5.,2 - 97,3%, Only one filter
paper was used in this frain followed by the cold trap and flsme photometer,
The average percentage retained by the cold trap was 3.8% with e range from 2.6 . -
to 4.7%. Only 0,1% of the total sample was found to enter the flame photometer,

These results indicate the high efficiency of the cold trap and suggest its use

alone as a means of determining filter paper efficiency by conventional methqds,
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In enother series of experiments, the flame photometer alome was used

to determine the efficiency of Whatmap #41 filter paper sgainst a mixed atmosphere _'"

of UOZ(NO3)2-Na01 serosol at an average concentration of 53,2 mg Qﬁms end 4.5 g
Nq/m3. The sampling rate was 13.9 liters/min. The average efficiency of the-
paper was found to be 95,4% with a range in values from 94.5 to 96,3%, Typical. _.

reaults are given in Table 1 below,

TABLE 1

Efficiency of Whatman f441 Filter Paper for Sampling a
U0y (NOz)p=NaCl Combined Aerosol Atmosphere at
a Eampling Rete of 13,9 Liters/Min,

: Air Adr % Reteined % Passing to
Sumple Conc, Conc, on First the Flame
No. | mg U/m® |mg Na/m3 | Filter Paper | Photometer

1l 47,8 4,1 94,8 5.2
2 49 .4 4,2 94,7 5.3
3 50,8 4,3 94,5 5.5
4 82.5 543 85.2 4.8
5 52,0 4,4 96,9 3.1
6 56,5 4.8 96,3 3.7

For comparative purposes e second series with & train of two filter
papers and the {lame photometér was studied Table 2 (Page 52). The BVOTBEe
concgntrations were 58,0 mg Qﬁms and 4,9 mg Nqﬁms. The . eampl ing rate was 10;8
liters/min, For this series, the aversge efficiency was found to be 95.6% Witﬁ
& renge in values from 95.1 to 98.0%. The second filter paper retained an
average value of 3,1% with a range fram 2.8 - 3.,4%. The average percentage
entering the flame photometer wae 1.3% with a range from 1,2 - 1.3%. The agree-
ment of the efficiency walue of 95,6% with that of the ﬁrevioua series of 95,47%

was considered good despite the differences in sampling rate. Similar agreement

UNCLASSIFIED




was found in the sum of the second filter paper and the flame photometer values
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of the last sories indicating good performance of the flame photometer (4.4%

average compared with 4.6%).

TABLE B

Efficiency of Whatmsn #4]1 Filter Paper for Sampling =

U0, (NOz)o-NaCl Combined Aerosol Atmosphere at

e Sampling Rate of 10,6 Liters/Min,

“Air Air % Retained % Retained | % Pessing to
Sample Conc. Conc. on" First on Second the Flame
No. | mg U/m® | mg Na/m® |Filter Paper | Filter Paper | Photometer
1 5445 4,8 95,7 3.0 1.3
2 57-0 4.8 96.0 2.8 1.2
3 5645 4.8 95,1 3.4 1.5
4 64,0 St 95,6 3,2 1.2

A preliminary finding of scme interest

atmosphere by allowing it to pass over a calcium chloride tray befeore sampling

is the fact that predrying of the

yielded higher abeolute efficiencies than obtained in the results reported,

Within

the renge of sampling velocities explored (8-16 liters per min,) the sampling rate

at present does not appear to have & large effect on concentretion determinations

with the types of atwmospheres studiad,
in characteristics of the filter peper from semple to sample appear to be the
greatest source of error,

velocities are the subject of current investigatioms,

on modification end simplificetion of the testing equipment,

P13000 0
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Work is also in progress

This factor and the effect of a wider range of sampling
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Varietions attributable largely to differences
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- PROGRAM I, S.

IBOTOPES

Problem Code: I.S.l (Tracer Chemistry)

Section Code: 3120

Authors: L. L. Miller, W, F. Bale, C. L. Yuile, R. E, Masters, G. H. Tishkoff,
snd G, H. Whipple*

Studies in Protein Metsbolism in the Dog Using Cl4-Labelsd Dl-Lysine.

I. Synthesis and Utilization of Plasma Proteins,

Background: Studies of protein nutrition and protein metabolism are
of fundamental importance in seeking an understmnding of a variety of phencmena
of basic concern to modern ﬁedicine. Blood protein production and wutilizationm,
wound healing, cbnvalescence, the resistence of kidneys and liver to specific
toxic agents, and the physiological burden of pregnancy ere among the outstandiﬁg
fields of interest in which it is already recognized that adequaie protein
nutrition and an understanding of protein metabolism are critically involved,

Because under normal conditions the concentrations of various concentra-
tions of bléod protein components are maintained within narrow limits by phyﬁiologic
mechanisms, it was impossible by classical methods to measure either the rate of
.production, or the rate of disappearance of a given protein component,

The availability of synthetic Dl-lysine-€-Cl%4 with €14 in unequivoeally

known position (1) hes enabled us to study not only the incorporation of this

* We thank D, B, Leaks, D. L. Coon, H. €. Stebbins, L, DeLaVergne, F, K. Millar,
J, Levin, B, C. Adelman, J, Rogozinski, and P, Clark for valuable assistance
in thiﬁ work,

This work was also supported in part by the Office of Naval Research under
contract with The University of Rochester, N6ori-126 Task VIII,
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essential smino acid in the various bedy proteins, but also to follow the time
course of the isotopically-labelied blood proteihs. In addition, the apparent rate
of disappearance of ths labeled plazma pr;teins injected into normel reciplemt
animals has been.studied in an attempt to define the comparative behavior of the
plesma albumin end globulin fractions, It will be seen that in these experiments
the globulin fraction is turmed over more rapidly than the albumin fracticﬂ on
& gram for grem basis,

Method: In Experiments D-1-L, D-3-L, D-7-L, normal healthy dogs wers
fed the DL-Lysine ~€-014 with diet protein in the form of hamburg, The appearance
of radicactivity in the blood cell and plasma proteins weas folloﬁad for 12 days

in D-1-L and for 27 or 28 hours in D=3-L and D-7-L. In the latter two experiments

014 excretion in the expired CO, was also followed and the Cl% distributiom in -
the tissues waa also determinad,

For Experiments D-4-L end D-8-L, Cl4-labeled plazma proteins were obtﬁinéd
a5 heparinized plemma freom the dogs of Experiments D=-3~L and D-7-L respectivily.
The labeled plasma was injected intravenously as a sinéle dose, esnd the disappearance
of the labeled prﬁteins was followed over e period pf 986 and 144 hours respectively.
The plasma albumin end globulin fractions were separated and their protein content
end C14 activity determined.

In Experiment D-9-L a normal anemic hypqproteinemic dog was fed labeled
lysine with diet protein and allowed to regain a norﬁal blood protein picture,
The Cl14 activity distribution between the plasma slbumin end globulin fractions
was followed over a period of 74 days..

Results: Experiment D-1-L. - Dog 47-113., DL-lysine —6}014 1,02 gm.

(26.3) microcuriea) was fed with diet protein, The dog excreted 34 per cent of

the total dose of (14 in the urine collected over a period of 24 hours with sn

UNCLASSIFIED
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additional 2 per cent of the total dose in the urine of the subsequent 4 days,
The feces contained only sbout 0.9 per cent of the total dose which ipdicates
the completeness of ab30rptiun of the fed amino acid,

The relative quentitative distribution of the activity in the tinaues

of this dog sacrificed under ether anesthesia 17 days after the €14 lysine thoding -
.can be indiceted by dividing them into three groups: .[ "
Group 1: Tissues contain 0.030 to C,0L5 per cent of the administeréd cl4 p;} gm.
carbon and includes liver, kidney, spleen, and pancreas in order of decreasing
activity.

Group 2: Tissues contain 0.015 to 0,006 per cent of the fed cl% per gm. carben

end includes lung, cardiac muscle, stomach, skeletal muscle, colon,,duodenum;__
jejunum, ileum, bone marrow, adrenal, and thyroid in order of deﬁreaaing adéivify.

BT
Group 3: Tissues contain less than 0,005 per cent of the fed C}% per gm, c.,bun e

e

and includes vertebral bodies, ribs, eorta, lymph node, and eye in order oft -
decreasing activity., Thess tissues were blood-free as the resuit of vivipe;fusion.
Figure 1 (Page 56) presents the (1% activity of the blood calla nnd the
Plasma as estimated from samples taken over the first 12 days after the 014 .
lysine feeding, It is at once apparent that the per cent fed cl4 per gm..cqrﬁan

24 hours after the labeled lysine feeding is more than twenty times as greﬁg_;a

that of the blood cells, At this time 85 to 90 per cent of the plasma sctivity
is fourd in the plasma proteins (as measured in later experiments), hence i%-

may be sald that in the non-snemjc normal dog the red cell proteins acquire a

considerably lower specific activity than the plesma proteins, Remenmbering that
the blood of a normal dog contains about five times as much red cell proteln as |
plasma protein, we may conclude that the total Cl4 activity in the ﬁlasmn proteins

at 24 hours is about four to five times greater than that in the blood oells, .
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FIGURE 1
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ct# distribution in Plasme and cells after 1ysino-£-014 fesding,

Experiment D-1~L, Substantial amounts of blood were withdrewn
3, 4, 5, end 9 days after the feeding of labseled lysine with

hamburg.
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The specific activity of the plasma vprotein takes sbout 4 deys to fall to
e level equal to one-hal? that scen at 24 hours, This is in good mgreement with
estimates obtained fram a study of the disappearance of transfused Cl4-labeled
plﬁsma. Extrapolation of the plasma activity curve to the day of sacrifice
pleces the final plasma mctivity at & lavél slightly below that of but one
organ - the liver which has long been suspectéd as the organ most actively
involved in plasma protein production if not in plasma preteina turnover and
teconversion to other proteln metabolites.

The blood cell C1% content rises to & maximum over a period of 3 days
end is there maintained at & comparatively constant level during the course of
the experiment,

Experiments D~3-L and D-7~L, - Dogs 47-236 end 44-98 represent a

more detemiled short-term study of the varying distribution of cl% activity in

the tissues end plasma protein fractions., Experiment D-3-L differed from D-7-L

only in the fact that in D-3.L the dog was given only water for 48 hours before
the feeding containing the 014-1ysine while in D-7-L the dog had received its
regular daily ration of kennel diet in the days prior to the experimemt,

After being fed 2,00 gm. of DL-lysine-eL014 (51,2 ﬁicrocuries) with
180 gm. of lean hemburg, the dog in D-3-L exareted 28 per cent of the fed dose
of ¢1% in the expired air and 33 per cent in the urine collected over the 24
hours of the experiment, The dog in D«7-L received & similar dose of DL«lysine=-
€-C1% in about 150 gn. of lean hamburg and excreted 28.5.per cent and 25;1 per
c;nt of the fed dose of C1% in ths urine and expired air respectively.

1402 excretion and the nen-protein cl4

Figure 2 (Page 58) shows the C
activity of the plasma in D-7-1, It i3 clear that the radiocactivity of the

exhaled 01402 closely parmllels the level of the non-protein cl4 activity of the
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FIGURE 2
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plasmd. The minimum in both occurs at & time closely corresponding to the point
2t wnizh +the dopg regurpgitated snd was relzd a large ccmpaét bolus of the food
ingested at the start of the experiment. Figure 2 (Page £8) is representative of
J-5-1L ws well as of D-7-L,

The tissue distribution in these dogs in order of decreasing setivity is
sualizatively end quentitatively comparable as shewn in Table 1 {Page 60). Dogs
nille¢ 25 snd 27 hours a.f‘te.r feeding of IJL-lysine-(—Clé.

The tissue distributions of these short experiments differ from the

longer w-1-L Experiment in the ectivity of the gastro-intestinal tract tissues

which are smong the most metive tissues of the short experimemts and only of
intermediate activity in the longer experiments. The 1{ver, kidney, panéreas, and
spleen nre seen to maintain their positions of highest activity,

Figure 3 (Page 61) shows the specific cl4 activity of the plasma protein
frections expreossed in terms of the per cent fed cl4 activity per 100 ml, of
plasnma) s & function of time; in the case of both dogs more total activity is
found in *ne globulin than in the albumin of 100 ml, of plasma. The chemical
1/G ratios showed mno significanﬁ changes while the ci4 4/G ratios for D-7-L
sao0wed crogressive decrease, This indicates that the cl4 ratio is decremsing
whilc the extent of Cb% incorpﬁration in both protein fractions is still
increasin;, *his mey ﬁe e result of a higher lysine content ﬁf the glebulin
fraction and & reflection of a greater rate of formation in grams of the globulin
frection, The results of Experiments D=-4-L, D-8-L, and D-8-L point to the letter
interpretation.

Although not shown in Figure & (Page 61) and Figure 4 (Page 62}, the

extent of Incorreretion of cl4 into the fibrinogen fraction at 24 hours was

found to be 0.12 per cent of fed cl4 per gm, carbon,
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FIGURE 3
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FIGURE 4
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Ixperiments D-4-L and D-B-L, - Figure & (Page 64) presents the observa-

tions made on two normal dogs, 44-98 and 46~-5-A after they were given singie,
large (133-200 nl,) intravenous injactions of heparinized plasma cbtained
immediately prior to sacrifice from dogs in Experiments D-3-L and D-7-L, Figure

5 shows the disappearance curves of ci4 épecific activity for total plasma protein
in the recipient dogs. A similar disappearance curve established by the use of
“lesma protein lebeled with N9 (9) ié included for comperison, Disappearance
curves of C1% specific activity in slbumin end globulin fractions are shown for
Zxperiment D-8-L. It is obvious that the cl4 activity of the globulin fraction
decreases at a greater rete than that of the albumin fraction., The data from
protein fractionation from Experiment DT4'L’ not included in the figure, were

gualitatively similer. -

Experiment D-9-L, -~ Dog 44-10. Thls experiment presents a long-term

(74 days) study of the plasma protein slbumin and globulin fractions, The dog

44.10 was depleted of plasma protein and hemoglobin (2) mnd then fed & total of
1.576 gm. DL-lysina-E-C14 (44,5 microcuries) in thrse equal doses on successive
days.,

.Figure § (Page 65) shows the per cent of the fed g4 per gm. carbon of
the plesma proteins as a functlon of time, It is at once clear that not only is

& larger amount of the fed 014

incorporated into the globulin freaction, but also
that the activity in the globulin fraction drops off more rapidly then the
actitity of the albumin fraction.

Discussion. -~ Little is known of the in vivo metabolism of the essential
snino acid lysine, Schoenheimer and his colleegues (16), using L-lysine labeled
with M% in the alpha emino group and deuterium along the carbon chain, found it

unique among the emino acids they studied in thet trenssmination did not ccour.
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FIGURE 5
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FIGURE 6
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Irn *their experimental animals, ;ats, no reamination or synthesis of the carbon

chain took place. Also the unnatural D-lysine was not utilized as a source of

protein lysine (3), These workers did not make a detailed study of the separate

orgaﬁ proteins in their experimental animals, Lysine wan chosen for the inVBStigafive
program here because this apparent metabolic individuality mekes it distinctive

as & protein label, Labeled lysine isolated frem a protein will be the seame

entity that wes fed or otherwise admiﬁistered to an experimental enimal,

The dats presented here bear on the metabolic relationship of tissue and
lood proteins, the comparative rates or turnover of the pleama protein albumin
and globulin fractions, and the time necessary for hemoglobin formation in the
intramedullary maturation of the red cell,

Data from Expsriments D-3-L and D-7-L show that the general metabolie
fate of the 1% of the 1ysine-£-014 was similar in theae two normal dogs sacrificed
25 and 27 hours reépectively after the amino acid was fed, About one-third of the
fed C** was incorporated in btlood and tissues, predominantly as pfotein, about
one-third appeared in the expired COp, end the remainder appeared in the urine,

‘he high urine content is undoubtedly related to the D-lysine component of the
recemic mixture fed, Date from Experiment D-7-L presented in Figure 2 ( Page 58)
show the parallel relationship between norp-~protein cl4 circulating in tﬁa pleszma -
and rate of 01402 excretion in expired air, This finding was clogely duplicated _;5;
in D-3-L,

The pattern of GY% distribution in tissues is basically similar to the
pattern reported by other investigators following the feeding of tagged amine
acids (4, 5, 6)a It confirms the expectation that the finding that an organ has
& high early uptalze of one amino acid will in general be repeated-when =tudies

on other amino acids are carried out.
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The high cl¢ content ﬁoted in the %tissues of the gastro-intestinal tract,
particularly the duodemum, in the animals sacrificed 1 day after labeled lysine

feeding is similar to findings reported after feeding other labeled amino acids

including glyecine {4), phenylalanine (5), snd methionine (6), Scme have coneluded B
that a high cnncentration.in the dugodenum of the labeled materiasl fed was referablen
to its fimctional activity in sscreting enzyme proteins, The gemerally high
intestinal tract activity suggests that the very rapid normel rete of regenerstion
of the.mucosa mey bs of even greater significance.

Data presented by us elsewhere (7, 8) in a prelimiﬁﬁry form indicate
that this €14 found in tiesue is predominantly in protein end concentrated largely
but not exclusively in the lysine residues of the protsin, Signifié&nt smounts
of C14 are found in other amino acids including the carbon chains of glutamic
ecid, aspartic acid, and for some tissues, arginine,

Synthesis and Utilization of Plasma Protein., ~ The date presented here

are perhaps of primary interest because of the information that cen be derived
concerning the rate of production end utilization of the blood proteins,
particularly the protein éamponents of the plasma,

First let us consider the plasma proteins as a whole, In the two
Ixperiments, D-4-L and D-8-L, ( Figure 5, Page 64) in which the C3% content of the
plasms proteins was followed after the transfusion of tl4 labeled plaaﬁa to
recipient animals, one notes that the decline decreases with time. In the first
24 hours the rate of decline is such that if continued at the same average rate
the level would have reached 50 per cent of its original value in 28 hours in
Experiment D-4-L and 29 hours in Experiment D-8-L, The decline during the next
72 hours in Experiment D-4~L is such as to correspond to a rate of reduction of

specific activity of 50 per cent in 100 hours, For Experiment D-8-L a rate of
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reduction of 50 per ceant in 120Ihours can be computed from the decline in specific
activity betwsen the 39th and 144tﬁ hours,

It is to be moted that results such as these can only be produced by a
preferential loss of the injJected protein or by a dilution of the circulating
 plasma proteins by newly formed unlabeled pfoteins in the recipient animal, A non- .
specific mass movement of pfoteins out of the circulation would have no effest on
¢14 abundance per gm. carbon, i,e,, specific activity., This is pertinent since
in these aniﬁals, otherwise essentially mormal, 133 ml, and 200 ml, plasma
respectively were injected in excésa of these animala' ncrmal plasma volume,
Assuming that these animals treated the injected plasme proteinz in & manner
indistinguishable from their own proteins, one is led to the conclusion that they
did dilute or replace the.plaSm& proteins circulating'at the timse of injecfion
by about 50 per cent new plasma proteins in 30 hours and about 75 per cent in
150 hours. |

These results are not inconsistent with results previously reported
following.the injection of labeled plasme proteins into recipient animala, Fink
and co-workers (9) have reported that in similar experiments where plesmz proteins
labeled by N15 conteined in lysine residue were injected into normal dogs, the Ni5s
concentration per gm. plasma protein had decreased to about 50 per cent of the
- initial value in 24 hours and about 25 per cent of the initial value in § days.
Very similar results are reported by Fine and Seligman following the transfusion
into dogs of protéins labeled with redicactive sulfur (10). Also Heidelberger
and co-workers (11) found that the rete of loss of injected antibody protein in
rebbits was such that of the amount circulating 20 minutes following thé injection,
62 per cent remained in circulation after 48 hours and 17 per cént after 168

hours despite a lerge bleeding and replacement transfusion between the o
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determinations,

The fact that, in the experiments reported here as well as those
mentioned ebove, the rate of decline in spacific activity is not linear when
plotted on a semilog paper suggests either that different camponents of the plasma
'proteins ere utilized and regensrated at substantially different rates, & question
discussed in more detmil later, or that the circulating plamma proteins as a whole
first come inte equilibrium with & labils pool of protein of about egual amount
at about 24 hours after injection. The importance of the latter mechanism is
suggested by the observation, shown in Figure & (Page 64), that the two principal
fractibns of the plasme proteins, albumin and globulin, each show this more rapid
early fall in specific activity.

There exists a considerable emount of extravascular, extracellular
protein in solution that may be collectively designated as "lymph protein”,
Studies on this protein (12) indicate that it is in constant interchange with
plesma proteins and that if the plasms proteins were to come into equilibrium
with it, the dilution would roughly account for the more rapid early phase of the
decline in plasma protein specific activity., The decline in specific sctivity
of plasma proteins produced by such & simple mixing with soluble "lymph" proteins
ought not in eny fundamental sense te be considered a true metabolism or "turnover”
of plesma proteins. Thus thesa.&aia suggest that the true time during which half
the amino acid residus of the piasma proteins ere replaced, presumably by the
synthesis of new plasma pfotain moledules,.is of the order of iOO—lzd'houra.

This mobilization of new plasma proteins occurred in spite of a preceding 48 hour
fast in the recipient animal of Experiment D-4-L end the injection of substantial
excesses of plasme in both animals, factors that should suppress rather than
stimulate the mobilization of new plasma proteins,
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Estimates by other authors, uéﬁally made from measurements of the -

abundance of labeled plasma proteins as a function of time following the feoding " ¥i;

u“.w
or injection of & tagged protein precursor, have tended to suggest that the raia.

from labelsd plesma injection studies. For example, Schoenheimer, Ratmer,

Rittenberg, and Heidelberger (15)- suggest sbout 2 weeks as the time necessary i

LA

for such replacement in the rabbit, according to their terminclogy, the helf-life -

of the plasma proteins, Data of this type obtained following the feeding ofi‘_g;:;f;;
cl4-1sbeled lysine are found in Experiments D-1-L (Figure 1, Page 56), D-S-L | |
{Figure 6, Page 65), and in Figure 1 (Page 76) and Figure 2 (Page 77) of the -

accompanying peper,

the turnover rate is slower than is in fact the case, This is bocauss the
labeled plasma proteins as they are metabolized and removed from circulation are =

replaced not by entirely unlmbeled proteins, but rather by proteins egain

tissus proteins.

This point is illustrated by Experiment D-l-l, Bstween the third ana

the ninth days some 300 ml. of plasms were removed containing approximately 53 AL

per cent of the cl4 circulating at the beginning of this period, This total
protein deficiency was made up by the animal so rapidly by the synthesis of newin
plasma protein thet there was no appreciable drop in total plasma protein

concentration, Since the plasma removed mecounts for the whole of the declindn"'
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in ¢ concentration per gm. plasma protein carbon over this pericd, aﬁy'pla!mn
proteins leaving the blood streem for metabolic purposes must have been replaced
by new plasme protein of wvirtually the same ¢4 content,

The figure of 120 hours for utilization and replacement of one-helf of
the plasme proteins corresponds to an upper averege time of existence of a protein
entity in the plesme of 174 hours, The pericd during which an amount of plasma
proteir is synthesized:corresponding to the totel circulating plasma profein
probably is not greater than 240 houra, .

The data from Experiment D-8-L plotted in Figure & (Page 64) and the
essentially similar results of Experiment D-4-L not presented in detail here on
the specific metivities of ealbumin and globulin fractions after injection of
labeled plasma show that there is a more rapid decrease of Cl4 concentretion per
gnm. globulin than per gm, albumin, The two curves are alike in that neither ie
linear when plotted on semilog paper and that both show & more rapid initial |
decline in specific activity corresponding in magni£ude to a replacement in the
plesma during the first 20 hours of about 40 per cent of both Circulating albumin
end globulin, It was earlier suggested that this rapid initlal decline represented
& mixing with extracellular lymph protein., Over & period of 144 hours, howava},
the (14 abundance per gm. globulin carbon had declined to 22 per cent of its
initial value, that of the albumin fraction to only 40 per cent of its initial
value, .

Data presented in Figure 3 (Page 61) and Figure 4 (Page 62) from
Zxperiments D~3-L and D-~7-L show that in presumably normal dogs 24 hours efter
labeled lysine feeding, the amount of 614 incorporated into the globulin fraction

of plasma protein was gfeater than that incorporated intoc the albumin fraction -

sbout 50 per cent greater in the first experiment, and 100 per cent greater in

UNCLASSIFIED
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the second, Also in Experiment D-9-L (Figure 6, Page 65) a dog depleted of

plaeme and reserve proteins showed a similgr response, In this instance the

amount of 14 per gm. carbon wae sbout 40 per cent higher in the globulin then

in the albumin fraction 24 hours after the last of three daily faedihga of Cl4
lebeled lysine, Subsequently on a stock diet the specific actlvity of the globulin
fell more rapidly than that of the albumin so that 6 days later they were equal

and in another 9 days the specific activity of the globulin was only 63 per cent
of the albumin mctivity.

Such relative changes in specific sctivity, namely the greatar incorpora-
tion of ¢14 into the plasma glbbulin than albumin during the period whem this
material was availeble for synthesis and more significantly the considsrably
shorter period required for the disappearance of labelad globulin than albumin,
indicate a more rapid metabolic turnover of the coﬁponenta comprising the globulin
fraction than of the albumin fraction. This suggests fhat an animal forced to
menufacture excessive amounts of plasma proteins by extensive plasmapheresis would
be more able to maintain plasme glohﬁlin than plesma albumin at something approech-
ing normel levela, That this i2 in faot true hes been verified by studies of
plasma albumin and globulin levels following plasmapheresis in dogs (13),

Synthesis of Blood Csll Proteins. - In Experiment D-l-L with a dog

essentially normal except for a preceding 72 hour fest as shown in Figure 1
(Pege 56), about 70 per cent of the total incorporation of C14 that ocourred in
hemoglobin in a 12 dgy period took place In the first 3 days, In Experiment
D-2-L desc¢ribed in an accompanying paper, following the feeding of 014-1sb919d'
lysine to a dog both anemic and hypoproteinemic, of the maximum incorporation of
2cme 6.8 per cent of tﬁe fed €14 in blood cells over & 22 day period, some 80

per cent took place in the first 5 days,
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soncentration fell from 6,75 to ;.?l gm. per 120 ml, wissma,  Teight fell from
2.5 to 1o kilos,

The dog was given, by mouth, mixzed with 100 gm. of hamburg, 0.58 gm. of
DL-lysine which contained 15 microecuries cl% in the epsilon carbon poﬁition. The
lysine synthesis had been carried out as described by Helmkamp and co-workers (7).
The dog took this feeding eagerly, After 4,5 hours a feeding of 400 gm, of the
basal diet low protein biscuits wes supplemented with an additional 50 gm., of
hamburg. The dog received daily for the next 3 days 400 gm. of biscuits plus
100 gm, hemburg., The dog was then returned to a standerd kennel diet adeguate
for the repid regeneration of plasma and blood cell proteins, Under this regime
the red cell hematﬁcrit rose to 48 per cent in 2 weeks and 52 per cent at the
end of 5 weeks, Plasma prdteins rose from 4,71 gm..to.S.Q gm. per 100 ml, plasma
in 2 weeks and 6,75 gm, per 100 ml, in 5 weeks,

Blood samples of about 15 ml. each were withdrawn snd mixed with 0,1
ml, of seturated sodium citrate at times indicated by the points on Figure 1
(Page 76) and Figure 2 (Page 77), The blood semples were centrifuged to separate
plasma and the cells then washed twice with normal saline, No sffort was made
to separate erythrocytes from other centrifugable, formed elements of thi#
blood, Onme gram portions of dehydrated blond cells and the dried solids from
aﬁout T ml. of plasma were used for individual ¢} measurements, The carbon
of such samples was converted to CO, by a wet oxidation and introduced into an
ionization chamber of 1200 ml, volume. The volume of evclved 002 was determined,
Ionization current memsurements were made with a dynamic condenser electrometer

{1)s Quantitative urine collections were made with a metabolism cage and aliquet

portions were analyzed for cl4, Single radiocactivity determinations were made

for plasma and urine, Blocd cell cl4 anelyses were mostly done in duplicate,
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FIGURE 1
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FIGURE 2
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intervals of about two months separating the duplicate determinations, The
duplicate analyses gave reasonably corresponding results, The greatest differemnce
found betwesn duplicates was 18 per cent, the average difference, § per cent, The
deta for blood cells presented are an average of duplicate values,

Results: The urine specimen removed from the metabolism cage 8 hours
after the sdministration of 1§beled lysine contained 27,8 per cent of the
administered 014. Total Cl4 recovery from urine up to 72 hours totalled 34,9
per cent,

Figure 1 (Page 76) shows concentrations of cl4 per gm, of plasms cafbon
end per gm. of blood gell carbon following the feeding of labeled lysine,
Zxperiments reported in detail (5) indicate that the plasma 14 values for pericda
of 24 hours and longer after labeled lysine feeding represent predominantly
redicactive carbon incorporated in plaama proteins,

The drop in ¢34 concentration per gm., carbon in the blood cells (Figure
i, Tage 76) in the 10 to 35 dey period represents predominantly a dilution of
labglgd cells with new cells which the dog is able to form as the result of an
adequate diet.

‘ Figure 2 (Page 77) shows the total incorporation of C14 ip circulating
cells and circuiating plasma, The shape of curve shown ia very similar tc that
re#ulting if the concentratioms of Cl4 in the cells and plasme of a wmit quantity
0i btlood are plotted as s function of time. In computing the curves of Figure
2 plasma values are based upon experimentally obtained plasme volumes, The
value of circulating cells is estimated as 82 per cent of the value directly
calculated from hematocerit and plasme velume determinations (2, 3). Yo direct
data were obtained concerning the chemical form of the ¢l% incorporated in the

blood cells of this dog, In a rat the erythrocyte cl4 following foeding of this
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taggzed lysine was found a2lmost exclusively in the globin portion of the isoleted

hemoglobin molecule,

Blood loss through sampling over the 234 days of this experiment reprenepta
gbout cne-third of the dog's celculated 1000 ml, blood volume. No correction fof;:;;
this loss is made in computing the data for Figure 1 (Page 76) and Figure 2 (Page-~J

77) o

Discussion: Figures 1 and 2 demonstrate that this dog, depleted of b&iﬁ"
hemoglobin and plasma proteins, utilized the epsilon carbon of lysine with less
lag in building plesme proteins than in building blood cells, Figure 2 shows that
there is a turnover or utilization of newly formed plesma proteins as repressented
by a drop in C}% content even under conditions ﬁhere the animal js deficient in
circulating plasme proteins and on an adequate diet is constantly increasing the |
total amount of plasme proteins in circulation. -
Even when the total C1% content of the plasma proteins is decreasing,
the newly formed plasma proteins presumably may contain c}4 derived from labile
body protein deposits, for example, liver, Therefore, the C'% plasma disappearsnce
curve can be used only to set a lower limit fof the average rate of turnover of

or4

plasms proteins. As can be seen in Figure 2, the contant of the pleszma

dropped from 4.4 to 2,2 per cent of the administered dose in a period of § dmya. '
Cn the assum?ticn that this drop is logarithmic in naturg,.one can then compute_.JJ
that the averapge turnover of the plaama pfotains incorporating cl4 ocours in.

less than 10 days, Corrections for blood loss do not significantly change this
figure,

clé

In contrast, as shown in Figure 2, the content of the pooled cellular

elements of the blood increased much more slowly so that a peak value was achieved

in 5 days, About B0 days after the time of administration of tagged lysine the
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¢}4 content of the blood cells Segan to fall rapidly. It reached a new plateau

st about 155 days, This new lewel corresponds, as can be notad_from_Figure 1

(Page 76), to & 014 content per gm, carbon approximstely the same es the plasma
levol of the 60-150 day period. This suggests thet the materisl initislly formed =
in the blood cells fram C'% has been mostly removed during the period of 80-150 o
cl4

days and has been replaced from & pool with about the content of plesma proteiﬁ

over this period, As shown in PFigure 2 (Page 77), about 110 days elepse betwaenuF{T
the peoint at which the cl4 content of blood cells achievea 50 per cent of ita
maximum value and the point where the clé contént hﬁs decreased to a polnt midwaey |
beiween this maximum value and the plateau value begirmming et 180 deys, This
period of 110 days clearly represents sn approximation of the mverage time spent
in red bleod c¢ells by cl4 a?cma.

The above data are predominantly an indication of the fate of cl4
incorporated in the erythrocyte and show that the average time spent in erythrodytea’
by ¢'% sdministered to this dog ms DL-lysine epsilon carbon iz about 110 days,

One type of red cell removal was through blood sempling, A correction for such
erythrocyte loss suggests that had no blood samples been teken, the ebove figure
would be increased at least to 115 day=s,

The sbove figure of sbout 115 days is close enough to the erythroocyte
life span of about 124 days for the average dog, as determined by Hawkins end
“hipple (4), to suggeat that what is ﬁctually being measured here is the 1life
span of the dog's erythrocytes. The proteins of the erythrocytes of this dog are
therefore predominantly fixsd and stable entities which, subsequent to the
formation of the circulating red cell, do not undergo metabolic recomstruction
or turnover during the circulatory life span of the cell; at least this experiment

gives no evidence of turnover, This finding is similar to the result reported
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by Shemin and Rittemberg (8) in & study of hemin of the human erythrocyte carried
out with N5 used as & labeling element. - _ : ;,iéfl;

Some further deductions from the data obtained on this dog are plaulibia

"\-d
-l‘.

The circulatory lives of the erythrocytes labsled in this dog are not hamogsneaus

but fall predomdnantly in the range 8C-150 days, The greateut rate of drop of: ‘.‘,14”+ :; 

amino acid feeding, This pericd of time probably corresponda to the perilod or

.red cell life span experiments using bile fistual healthy dogs.

cent in § daye and 6.8 per cent in 22 days.

One further conclusion appears reesonable, The drop of Cl4 concentration

per gm, carbon in circulating cells to a value at 160 days close to the plesme_

value of the 60-120 day period suggests that the globin from destroyed celle ia.:ﬂfkﬁ%

ot used with great preference in the formation of new cells, BRather it seens ;
thet the emino scids for new hemoglobin formation are drawn from & much larger .
lebile body store of which at'any one time the plesma proteins with regard to

¢l4 content seem to be an adequate sample, This is in harmony with the observa-

tions (6) that show that in a fasting dog nitrogen balencs can be closely or-:

actually suatained by dog hemoglobin given intraperitonesally,

Summery: A dog, doubly depleted .of blood cells and plasma protuinn,_‘“igfi '
was fed DL-lysine labeled with C¥ in the epsilon carbon position. In the first __i:
8 hours 28 per cent of the administered ¢14 was excreted in the urine; in thc«l ZVQQ.
firat 72 hours, 35 per cent,

Twenty-four hours after feedihg, 4,2 per cent of the fed ¢4 was
circulating in the plasma, decremsing to 1 per cent at the end of i? days, Ths '_ﬁﬁf-

¢l% content of the blood cells increased from 1 per cent at 24 hours to 5.5 per
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Evidence bassed on thelrate of decreage of the 014 content of circulating
blood cells is presented indicating an average life of 115 days for the erythrocyte
protein as an entity not interchanging with extracellular constituents, This |
closely corresponds to the life span of the dog erythrocyte, 112-133 daye mccord-
iﬁg to the best evidence otherwise availeble and indicetes thet this expefiment
has actually measured ihe life =pan of the dog erythrocyte, -

On the breakdown of blood erythrocytes the proteln comprising them is

not used preferentially for the formation of new erythrocytes.
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Froblem Code: 1I,S5,2 {iuteradiography)
soetion Cede: G171

Author: George A, Boyd

Asutorediographic Determination of Alphe-Emitting Contemination of Beryllium,

Backgroﬁnd: It was suggested that this section use autoradiographic
techniques to investigate the possibility of cosﬁic radistion producing intense
localigzed ionization in beryllium, The question was raised, could such a process
be & contributing facter in befyllium poisoning?

" Mothod and Results: The Eastman Kodek Research Laboratories impregneted

an NTB, 50 p emulsion, #391;989, on September 30, 1948, with 0,4 grams of beryllium
per cm?, Flates were developed in D19 to bring out all nuclear tracks above
mesons in specific ionizatien on the following dates:

Interval after iepufacture

Dates of Development (in Days)
12-8-48 69
12-28-48 89
12-28-48 ' 89
1-10-49 _ 102
1-10-49 102
421149 223

No stars were found to indicate nuclear disintegration, Photoﬁicrogruph
1 {Page 84) is typical of the interior of the emulsion, The random clumps of
silver grains might be interpreted as low voltage beta particles in non-impfegnated
emulsions, waefar, the presence of beryllium mey in itself produce such grain-
clumping} The clumps could slso be interpreted as the tail end of a beta particle

but again the above skepticism is in order, A test for beta tracks could be made
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by impregnating WIB 3 plates which give tracks of_beta perticles up to 1 mev,
| Ap_independent approach was mﬁde to the question by making autographs
of 7 square inches of rolled beryllium metal sheet, 0,012 inches thick; NIB
plates #371,265 were used. The beryllium was furnished by Dr. Wolf and its history:
is unimown,

One square inch of the metal was pressed to the surface of the emilslon
of each of seven plates, The area under the metel is the tesi area; the remainder
of the p}ate is the control area, These were developed and the entire seven |
‘square inches were examined micrdscopically for random tracks, stars, and sunbursis.
The results are given in Table 1 {Page 858).

Subtraciing the meen of the control area, we have a mean of 30 alphas
from the beryllium metal during the exposure tims, Equal weight was given fo
ﬁhe exposure times since greater accuracy is not indicated here, This is
equivalent to 250 alphas/cmZ/exposurs, Using the method of Finmey end Evanms (1)
for calculating the radioaqfivity‘of solids, we found that one cc of beryllium
produces (0,06 alphas per sec. |

Discussion: The main question at issde in the experiment, viz., th;
possible presenéa of stars in photographic film as & consequence of cosmic ray
bombardnent of beryllium metal, must be answered in the negative for expoéure
times of up to 223 days, It would, tharefor;, appéar unllkely that thia reaction
is a siguificant factor in beryliium poisoning.

A second problem introduced by the findings of this experiment iz the
identity of the elements giving rise to the single tracks and sunbursts found
in the exposed photographic film, In order to explore this gquestion, fifity

tracks were measured in the control area and fifty in the test mrea., The results
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zabls 1
TSI, SILNG, Ao JUUTUR3TS In BITRVLLIUL JUTOGRACHS
Smeared Autograph
Autagraph random Alpha tracks Stars*x* Sunburstax*x* Exposure
: per 100 fields= per 8q. in, in deys
Control Test area
area Under Ba
it 43 53 v 4 42
2 .30 64 e 0 47
3 36 50 0 0 47
4 44 86 0 1 47
5 31 - B3 0 C 52
6 37 82 0 2 52
7 30 45 0 0 52
Mean 36 66

*100 fields - 11.9 mm?

#x A star is a collection of tracks produced by nucleons of one or more species
originating from & single nucleus,

**% A sunburst is a collection of tracks preduced by nucleons of cne or more
species originating from a number of nuclei at one point, '
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are showm in Figure 1 {Page 85), oince the number measursd vas small, the observer
vas 1mexperienced, and the proper emulsion had not been used for accufate memsure-
nent, the distribution should not be nonsidered too significant. It is probable
that we heve erred on the short side of the true lemgth of the tracks since the
cimlsion was thin and tracks at all angles cof the dip were measured and some of

the alphas probably left the emulsion before all the energy was expendsd, Hence,
the distritution should probably be shifted to the right.

I this Is correct, the group at 20 p for the test area may coincide
with polonium, The half-lifs of polonium would indicate = much higher concentra-
+ion at the earlier date of manulacture if polomium were to be considered as
incorporeted &s such and not cccurring as a disintegration product of other
radioactive contaninants,

A5 an even more interesting finding was the presence of sneared sunbursts
frorm point source contamination, An example is shown in Fhotenmicrogravh 2 (Pege
Ti}e Ihe track lsngths were measured, To jmprove cn the accuracy, horizental
tracig only were ueasured, Thus tracks leaving “he erulsions were not included,

-
-

“e histegron is showm in Figure 2 {Page 89).

Since I%%2 has the lowest energy alpha of the naturaily cceurring
alpha-emitting elements, the distribution pesks at B and 12 u pose a question
difficult to enswer; viz,, what is the source of the alphas?

I4 is not entirely certsin that the tracks were produced by alpha
particles. One track typ2 is more fully developed than the c#her suggesting
Two types of nucleons, .is tho autoradiographs were not macde for the purpose of
differentiating between alpha, proton, and deuteron tracks, a decision was

impossible, Ibowever, this could be dome with a properly designed experiment,

The heavy tracks accounted for about 45 ver cent of the total; and the light,
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55 per cent.
If we assume the identity of the tracks, we can escribe energy values

to them as shown in Table 2 below.

TABLE 2

MEV OF PARTICLES FRG! MRASURED TRACK LENGTH

Assume 8 n 12 n
P 0,75 0.85
d 1,50 1.70
L | 2.25 342

A rather rapid survey of the literature gave no clue through known
nuclear reactions of beryllium to mccount for any of the particle energies
listed, - |

Neverthele-ss, the point sources of ccntamz';nation exist and the follow-
ing should be considered. Hevesy (2) and Hehn (3) have shown beryllium ores
such &5 gadolinite to be contaminated with alpha emitters and have considered
this as a source of neutrons. Yagoda (4) showed by sutoradiography that a

beryl crystal contained alpha contamination in both random form end in point

SOUrces,
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Problem Code: 1I1,8.3 (Therapy}
Section Code: 3340

Author: EKenneth P. McConnell

Background: Seversl igotopes of gsalenium, both stable and radioaetive;f *'

3

ere produced which yield from .008% to ,21% (1), In view of the fact that
relatively little information is available about the metabolism of trace esmounts

of selenium in the mammalian organism, it was felt that studies on the behavior

of selenium in the bedy would prove to be of value in our better understanding of? bL

eelenium metabolism,
One phase of current interest in the selenium problem is that seleniﬁm T:ﬁ;,
like certain other elements has an affinity for proteins, The mechanism by which )
the fixation of sslenium takes place in proteins is at present not clearly wmder-
stood, A possible hypothesis is that selenium displaces the amino_acid sulfur

in some form such as selenocystine, or actually binds sulfhydryl groups.

P S,

It was the plan of the experiments pfesented here to study the qualitatﬁvp.,

and quentitative distribution of selenium in the various blood proteins and red ; .
blood cells after injectiné sodium selenate carrying traece amounts of radio- {
selenium,

EEEEEQ‘ Four ncrmal dogs weighing from 7.3 to 9.1 Kg. were'injected
subcutaneocusly three times at 24-hour intervals with subtoxic smounts of sodium o

selenate containing redio-selenium. Previous to the second and third injaotiona;nw
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and 24 heurs aefter the last injections, samples of blood were taken from the
carotid aertery., Hematocrit and routine hematological studies were ma@e. The

red cells and plasma were separated by centrifugation, and the cells washed twice
“with Isontonic saline, Radioactivity measurementa were made on samplex of whole
blood, plasma, and packed red blood cells, all of which were measured on & bell-
tvpe Geinzer-Muller tube, Selenium-75 hea s half life of 115 % 5 days which decays
through i electron capture, emitting a probable .4 M.E.V, gamma ray with the
formatior of stable Asgg. |

In the experiments to study the distribution of selenium in the various
sérum proteins, samplea of blood wﬁre taken 24 hours after the lasat injectioen.
Total proteins were precipitated with 8.5% trichloroacetic acid, Fracticnation
of the various serum proteins was carried out using the method of Majoor (2) as
modified by Milne (3). The protein precipitates were analyzed for readioselenium,
and the protein content of the precipitates and filtrates were determined by |
Clark's micro-Kjeldahl method (4),

Crystalliné hemoglobin was isolated from the red blood 0;115 of three
dogs that had been injected with sodium selenate containing radioselenium, using
the method of Welker and Willimmson (5). Cryetalline hemin was isolated by the
Aethod of Nenki and Zaleski (6). The globin fraction was studied following
hydrolysis of crystalliﬁa hemoglobin with acetone and hydrochloric acid after
the method of Anson and Mirsky (7). The method of Grinstein wms used to isolate
protoperphyrin from red blood cells,

Results: It was observed that the concentration of sslenium in whole
blood and red blood cells increases aﬁpreciably with time, and that the concentra-
tion of selenium is greater in the red blood cells than in the plasme (Figure 1,

Page 93), It appears that the concentration of selénium in the plasma, when
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determined at 24 hour intervels, varies within very narrow limits throughout the
experiment. The per cent of whole blcod activity in red blood celis for four dogs
averaged 79% (72% to 91%), while the per cent of activity in plasma a%eraged 22%
(8% to 39%). It was calculated that 2.0% to 3.9% of the selenium mdministered
was present in the total circulating blood,

In the experiments om the distribution of selenium in the various
protein fraections it wam found that.selenim was present in albumin, globulin,
suglobulin and pseudoglobulin, and that the amount of selenium in the various
fractions when expressed.as gemma selenium per gram protein was similar but not
identicel, It sppears that the selenium fixation takes place to about the same
degree in the globulin and albumin, for the percentages of globulin and albumin
selenium in total protein selenium for three dogs was found to be Sé‘i 10% and
46 £10% respectively,

In the study on the distribution of selenium in the red blood cells it
was found that trace ;mounts of selenium were present in crystelline hemoglobin

and hemin, and in globin, The amounts of selenium in hemin when calculated on

the gram bamis are greater than in globin, Isolation and analysis of protoporphyrin

from radioactive red blood cells showed the presence of radio-selenium,
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QUTSIDE SERVICES

Problem Code: lome
Sectiocn Code: 3150

Reported By: L. T. Steadman

Spectrographic Service Analyses

l, 524 air dust samples were esnalyzed for beryllium.
2. 6 standerd samples were analyzed for beryllium,

S 1 skin biopey specimen was snalyzsd for beryllium,

Problem Code: None
Section Code: 3310

Reported By: Russell Hayss

The following mervices were rendered:
&) 733 badge monitoring films processed,
b) 45 radon atmospheric analyses (Dr, Hursh),
¢) 524 beryllium dust analyses {Dr, Steadman),
_d) 315 fingerprint analyses (Mr, Hay).
e) 1 tissue smalyses for Be (Dr, Stesdman).
In addition to receiving and distributing the above samples, and collect-
ing and réporting these samples, all inconing and outgoing isotopes for the

project were ordered end received through our departmgnt.
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PROGRAM I.N,
INSTRUMENTATION (SPECTROSCOPY, ELECTRON NMICROSCOPY, X-RAY AND -
NUCLEAR RADIATION DETECTORS, X-RAY DIFFRACTION, ELECTRONICS)
Problem Codes I.N.2 (Service)
Section Code: 3150

Reported By:; L, T, Steadman

Spectropraphic Service Anelysis

1, 50 chamber dust;aamplea were enalyzed for beryllium,
2, 391 snimal tissues were analxzed for beryllium,

3. 42 special solutions were analyzed for beryllium..
4, 20 special samples were snelyzed for sodium,

- Do 6 semples were enalyzed for various other elements,
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