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INTRODUCTION

The scientific work presented herein hez bsen ccded at the progran
and problem levels esccording to the schems given on Pagos § ard 7. In
the report all coniributions to a given problem hxvs besn asssrblad to-
iether without regard to author or tc the adminisirativse organizaticn

exoept that the number of tho section which did the worlk 15 prefaxed in

esch case. By using this number, it cen be fourd on Psge 1% whet adminis-

trative officer oan be approached for information ebout partisulazr weorls
This does not imply eithar authcrahip, or solentific oredit waich will
appear only in final reportes issued frem this Frojeot, Since oxnly pro-
gress in specific scientifio problems is bsing reported horsin, the cumie
lative work of spseoial service units is not glvexn sozaratsly. Their oone
tributions appear or are implied in thu reports on problems in whicl they
participated. |

It should be noted that the Quarterly Iochnical Reportz ol Tne
University of Rochoster Atomic Energy Frojeet déo nct attempt tc desaribs
progress in all of the resecrch progrezis but only in those in which sors

significant results heve besn schisved.
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EXPLANATION OF PROGRAM AND PROBLEM CODES

The scientific work of The University of Rochester Atomic Ensrgy
Project has been coded at the program and problex levela. The programs,
in general, indicate broad fields of investigutive or service activities
while the problems indicate divisions of these fields, Although mo con=
;istent method of division into protlems wes posiible, an attecyt wae mads
to achieve a natural division in the sense thet osch problem wouli encome
pass & subject normally written up and generally considered as a unit.

The program on chemical toxicity of urcnium, for example, has been broken
down into problems according to the divisions commonly smployed by toxi-
cologists,

The problem codes are not relsted directly to the edninistretivs cr-
ganization of the Project, Conseqﬁently, the sm:1leat administrative unit,
the sectiou, may work on more thun ons of the zoded predlems. Coaverasly,
more than one section may work on the same codsd problem, Ths edministra-
tive organization will bs ignored i; meking this quartsrly repors of our
research and lerviob activities, all materiel bsing assemblod aocording to
the program and problem codes. The cortribution cf each section to a
Quarterly Technical Report will be prefixed by the section mumber, however,
to permit reference to tho administrative org=niz:tion if necsscary.

It has not been possible to cods the problems sufficiently broadly
to avoid all overlepping. In cases in which w rious perta cf a given ine
vestigation might be coded differently, ths wholc vork was coded sccording
to its principal subject matter as lonz as the minor subjects were rela-

tively unimportant, Ctherwisc, the work wes divided under eppropriats codes.

QECLASSIFIEw
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PROGRAM AND FROBLEM CODSS

BIOLOGICAL EFFECTS OF EXTERNAL RADIATION (X-RAYS AND Y BAYS)

X.Ro1 Tolerance Studies (dose levals, survival time,
gross and histo<pathology)

XoRo2 Mechanism of Effects (physiologiocc) ard biochemical)
X.R.3 Therapy (measuree against radistion eflecte)

X.R.4 Hematology

X.R.5 Genstics {histogenetics)

X.R.8 Embryology .

X.R.7 Bacteriology arnd Immmology

BIOILOGICAL EFFECTS OF EXTERNAL RADIATION (IKFRA=RZD & ULTR.L=VIOLET)

I-.Rcl Flaxh Burns

BIOLOGICAL EFFECTS OF RADIOACTIVE MATERIALS {CONT2LCT, INGZISTION, ETC.)

RoMo1 Polonium
RcMo.2 PRedon
RoMo3 Thoron

RoMo4 Miscellanoous Projzct Metals

TRANITM

s

Lt

U.1 Pnysicc) and Chemical Propsrties
U.2 Toxic Effects (description of aoute and chrouic toxieity)
Uo3 Toxio Limite (reepiratory; oral; akin; eye; parenteral }

Uo4 FPate (distribution and excretion)

EGLASSIFIE,
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URANIUM (cont.)

U.&

Mechenigm of Toxio Effects

U.6 Methods of Deteotion of Poisoning, Prophylexis, Trestmsnt,

and Protection

BERYLLIUM

Be,1 Physical and Chemiozl Properties

Be.2 Toxic Effectas (desoription of amoute ard chronis toxioity)

Be.3 Toxic Limits (respiratory; oral; skin; eys; parenteral)

Be.4 Fate (distribution and excretion)

Beo.f Mochanism of Toxic Effect

Baoﬁb Mothods of Deteoction of Polsoning, Prophylaxis, Troatment
and Protection)

THORIUM

Tho.l Physical and Chomiosl Properties

Tho2 Toxic Effects (description of acute and chronic toxicity)

Tho3 Toxic Limits (respiratory; oral; skin; sys; parenteral)

Th.¢ Fate (distribution end excrction) |

Th.5 Mochanism of Toxic Effect

Tao6 Mithods of Dstection of Poisoning, Prophylaxis, Treatmsnt,
and Proteotion) ‘

FLUORIDSD

Fo.1 FPrysical and Chemiocl Propertiec

F-2 Toxic Effiects (desuription of moute an¢ chronic toxicity'

F.% Toxic Limite (respiretoryj orci; skin; eye; perenteral

Pod to {distribution and exorstion;
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VIII.

XI.

X1I.

XI1l.

F.5 Mechanism of Toxic Effeot

F.6 Methods of Detestion of Poisuning, Prophyisxii, T
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and Protection

S.M. SPECIAL MATERIALS
SoMol Physiczl end Chamical Prororiies
S.M.2 Toxic Effects (description of ecute and caruvniz toxiciyy)
S.M.3 Toxic Limits (respiretory; oril; skin; eyz; persntisral)
S.M.4 Fate (distribution and exuretion)
SoMo5 Mechanism of Toxic Zffect
SoMs6 Methods of Dstectica of Poisozning, Frosiriaxis, Trectuent,
and Proteotion
I.S. ISOTOPES
I.Sel Traocer Chemistry
I1.5.2 Rediocautcgraphy
I.So3 Therapy
0.S., OUTSIDE SZRVICES
P.H, PROJECT HIALTH
HoP, HEALTH PHYSICS
E-Pc.? [R:searrch and DsveisTnexnl
H.P.2 Serviocs
CoS. SFESCIAL CLINIC.L SBR7ICL
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ORGANIZATION

I. DIVISION OF RADIOLOGY AND BIOFHYSICS (3100)s William F. Bale

Seotion Code Sectiocn Administrative Hoad
3110 Instrunsntation John B, Bursh
3120 Tracer Chemistry Lson L. uille'r
3130 Radiation Physiclogy | Thomes B, Noonan
3133 Radiation Animals Thomes B, Noonan
3134 Autoradiography Thomas B, Nooman
3140 Radiation Chemistry Kurt Salomon
3160 Spectrosoopy Luville T, Steadman
3160 Radiation Mechanios ‘Franecis W. Bishop
3161 Electron Miorosocope Franois W, Bishop
3170 Radiation Toxicolozy | Jo Newell Stannard

II. DIVISICN OF PEARMACOLOGY AND TOXISOLOGY {3200); BHarold C. Hodge

Section Code Seotion Administrative Head
3210 Induatrial Hygiene Barbert E. Stokinger
3220 Biochemistry William F, Neuman
3230 Ingestion Toxieity Elliott Maynard
3250 Patholozy - James K, Soott
3260 Fhysiology | Aser Rothrtein

II1I, DIVISION OF XEDICAL SERVICES (33C))s Joe W, Howland

Section Head Section Administrative Head

3310 Industrial Services ' Jo Russell Hayes

. ’ 3 -(sSii:j ')
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I. DIVISION OF METICAL ASRVICES L ZIZC0Y.
Seoticn Code §aotion

3332

3320

3330

3340

3390

IV,

DIVISIOKR OF D

¢iinaecal Prob.emzs

Fealth Inys:ico

Frojzat adicii Servics

Kedlzel Fesezych

Tatographic Tuit

ITERSIFITD FEOBLEXS (340C -

o

Section (Ccde

3410
0420
3430
| 3440

3441

Section
Youse Gunzstics
Hamatoloyy
Surgery

Frctein itatabelisa

Plesz Buras

Tasoratical rrodlenas

(EGLASY

¢ni-istrative Head

o . Fowiland

Terbsrv E., kermagen

coe Y., Fowiand

Joe W, Zowland

Jos V. Zowland
Jonry f- Slair

admizistrative dead

Zonald R, Charles
7iiliem N, Velentine
Paul E, 3Iskors

Ge 3urrcughs dider

Zeil E. Zason
varee 3, Wilson

Jiiiiam Lo Bradford
Jarmzn B, Saarse

e Juruect Mason
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BIOLCCICAL DFFECTS G ZXTERW.L RADIATI

roblan Code: X.,R.:I (Tsolerence Studies)

Section Codes 3130, 3132

(9
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and ircluded ganmpivs of thyruidﬁ oatt o, LuBRg. Livor, [ancTatis spleen,
stomach {preventric cuiue end giziarci, smail intzating, Lapre Lnbe3tiné,
widpey, goenads (rastes or cvaries ), ovidugy. skip, vemersi DORT marrow, and
femiroe

Resuiist Jo weliilite anc 53 gnaficant cranges WIrs founs in the lungs,
heaiT, 5K orariss . Cvidast, girrard, and von3s

Vviniral chanits, sonsisting of dagoner.tion ef very {mta .1 numberas of
paronchymatous sslls, were found sn thke thyrsid. pancreas, 1:i6nay, and pro=
vontriculus of most of tihz ~ndistzd pigeonse 1y, tho kidmey of the tird
secrificed on tho arth mosseradiation iy, nouE I3 degenavation ol cortical
cubular and plenssuier enitazlivm vBS moderatal rarked, ~ocrosis of epl-
theliwn was pr winen, cansiderehlie egen»fa.,’ cpithaliuwn vas apparent,
hyaline chapgess wore srasent in gicmaruil, and somo arterioles wWere occluded
by cacilisu andotholivl <allse sltrough thes2 r3nal chonges &¥3 conpatibls
with tha offects ol Leyzdiaticn, b A2 shoug s that some cthar factor =AY
vave influvnccd the , dvanced dagrze ¢l the 133100 ia this oue oirde

Compared wild gre ahyeeic of claer 1snaUeTiTy anizalt, 5sh as the
nousy, at, 2%, ~gbolt, Joz, and ronkey, S svapedid o iE nizsul generally
containe very Jitsie colilelin i 3 s kaous conii-e and i sotel in an hypare
nigatis condifionoe

Rrperuss1f‘cq Son, o copmetlor cf 2ulUIALOUI Tone, ¢« sacciated with
+ha reTrodusztion aycle = ure fannle TLGSCR,y Y R3 ound in %hrae casese

Jopetic shELTES cossiuted chisfiy cf : craeszd cysoplasnio vasuocliza=
+ticr {apparestliy el ;at&nnrﬁha:is) 5 hapwe.s ©8ils 14 mg.ileved plgeorse
mhasa VeCuoled ¥ALE smapl ioonurbsT L ORT a0 sl DArE and ia the radieted

lizo.cn Gxye 158 waounoles were

il

v.3rd which was &

010

UR 00649



OF it

moderately marked ir numbar In ths radiated ruzens eutcpsize T, 7, and

L]
{

-

days aftar radiation, at which times srzil nuxnhers of hepaiic ci:ls gith
degenoerate nuclei were also i'ound, Jnl’ very mll amounti cf llood pigneat
wera cbserved in ocntrol and 1zdiated 1lvers.

¥Major pathological changes wsrs Jound i 52 intsstinss, .ploen, tone
marrow, and testes.

The charges in the smeil anc larze intec:ins ware easentiiliy of the
same Sype but were gensraily more marisd ia tho cnail intoscine. Ou =
1st post-radiation dsy considsrable izcrease Iii the number of mitotic figures
‘vag apparent, Dspression of mitosis wis warkuc ca the 2nd day cnd zoms of
the gland cells were enlarged and contiined veiicular nuslcis Oa the 3rd,
4th, and 5th days ritcges wsre rare, wis largs cnd vesiculor nuciel were

mors numsrous and more widespread in ti? glandc, considerablLe nwibers of

apithalial cells were :ranikly daegsperav:, ard .cLz were ncgrctic. At thess
times cystic glands wers promirent i <ie srell lirvestine, Thesa eystic
glands vere dilated :nd limed with icw. Jlatiziza gpithsiiwa,

"he appeurance »r The 3mall intuobtinz axtoyv tids tims supgesied 1ee

gensrative sotivity, Ja chie Vih pescelv.alstior oy mitosss ware present in
nodereta numbera, ouly small numbors n. large veosicular aucla. were prssent
in <hy glands, znd oystic giands vers :.duced [z umbare. In why largo ine
tsatines, however, wiloiic figuree wera .Gill reres. large end vosicular nuclel
wora fairly mumerous i ths glands, cnd dzgsnoinis nnd roeretic pithelinl
ocells persistcd. ™3 wig:i21 which disd 7i’d3yh 2itor rodiztion revealea

fNirther repopsrsavicn i3 ¢io ziadl fiier . fae ew. oo incieaticr .f rogenera-

+icn 3n the lorpe intestiin: w3 w9ll, ilustlie Jizuras vere prosent in moderes
f 4 &

Py

ate nuzmters, dsgonerate wnd ne rro, only amall
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ILD

consicerable rumbers of cegenarzte npermatogenic cells wers found In the

seminiferous tubules., The imle pigdon which died 7%-days aftsr'rad;ation
revealed extrsme decrease in the numbor of spermutogonia, marked losses of
sperratocytes and srermatids, end modurate decrecses in numbor of spermatoros
in the seminifercus tubules. Many of he spermatogenic cslls which romeined
in tre tubulss wors degenerais.

Discussionsy Marked suthologleal changes, compatidble with the effect
of rmxdiation, havs peen prodused ia ths intestines, spleen, Lone marrcw,
and %estea of pigson: subjestad to 5,030 r emcute total body xeradiation.

Fat wacuoles were moderatsly inursased in the livers of radieied
pigosona o8 compared with oontrols.

Dogorarative chargss wore feuzad iz ths ouclal éf sxell numbers of
parernchvuaccus cells of tha liver, thyroid, pororeas, kidney, and proventri-
culuz of :cst of the raalacod pigucus. In ons cxnse degenerativs change in
tha lidrey was extensive,

An sxperiment which was carrisd out in this laborstory, in which adult
albino rads vere sublected 4o 8CO r rcute total hody x-radlatlon aund were
gtudied patholosziecally over a perisd of 10 days, is moat convenient &t
aresert for « domparison of speclez vith rsspcet to x-radiation. The sur=
vivai time of these rsts, ¢ to 12 days, vas nct very different froﬁ that of
the pigeons in the jresent uvxperiment. The mejicr 2athological findings in
ths present experiment, involvinyg the intestires, spleen, bomns marrow, and
tesics, wore ssssntially the principal findings in the rat expsriment, end
tra degrees ol these charges in thu {w: superimerts were not warkedly differ-

an%, JIntcitirnal and tssticular chanpges were somewhat greatesr in ths pigeons

then in the rate. In both 123 and pigeons considerable repair and

E“ SN prtet
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regeasration occurrod 1z tac intestincs ‘daforo dJdoeth occurrcdo. Tho mats,
however, did nct roveal the vecuollzaticn in 4ths liver enc the minimal de-.
gonerative changes in ths thy?cid,-pancr;33, iridmey, and glandular sicmache
Tha order of orgma sensitivity iz the pigeon, cocerding to the present
dats, appears tc bs roughly the same as that Jound ia tho ke, at loast in
a consideretion of thas intsstinas, srlseen, bono uarrow, ard testes. The
data, howover, ars as yst too msager {or dafinile conqlusiona in this mtter,
Although the major petiiclozical ch&ngeé in tho presant pizcons aad in - -
the rats cited are reassncbly similer in degree, the differeace in dosege is
more than silz-fold, A slightly higher dose = tie case of the rats would
tend to make the dsgroes of pathological change in verious orgeas generally -
more similer to those in the prescat cxperimens and to reduce the surviwal
tims of ths rats to the survﬁvhl time range of the pigaona'receiving 5,000 ro
If one were to haserd en ostimate cf the relative or comparaﬁiva rasistance
of the pigeon to xme~radiaticn cn the tasis of these.considaration;, it would
eppear that the pigeon is probably about five times as reesistant to x-radia=
tion as the adult albino rat., Hore data are nesded, héwever, et various

dosage levels for an ccournto eppraisel in this mattery

Problem Code: X.R.2 (Mecharism of Effoots)

Section Code: 3140

Scms Aspects of Glycinmo Tetabolism. 1. Experiz2nts rith Boae lsrrow in

Vitro {Studies on Forghrrin and Fatuy Acid Mstebolism),

..

Bzokgrounds It lws boen shown ia this leborﬁtory'by-lg vivo experie

ments with clé that the alpha oarbon atem of glycire is iﬁcorporaﬁed.in the
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hemin molecule (1). A3 an extension of this work, the utilization of gly-
cine by bone marrow homogenates 1is being astudied. The present report is
concerned with some resultﬁ of thia study.

In addition to ths in vitro inocrporation of the aipha carbon of
glycine into the hemin molecule, the experiments show that fatty acids
isolated from the homogenate contain very considerable amountas of activity
after incubation of the medium with addad cl4 merked glycine. This is note-
worthy since (a) evidence from feeding sxperiments (2) (3) utilizing tagged
compounds indicates that glycine is nnt converzed to mcetate, and (b) ace-
tate is considered the obligatory precursor of fatty acids.

Method: Preparation of bone merrow homogenates: The marrow of the
long bones of rabbits was removaed from the bony cavity by a blast of air and
then suaspended in bone marrow Ringer as described by Needham and collabora=-
tors (4)s The marrow was then iransferred to e “aring blender cup and homo~
genized, Approximately S cc. of Ringer were used for one gram of bone marrow
wet wolight, and the homogenate was incudated et 379C for varying lengths of
time, After incubation of the bone marrow susponsions for verious periods
of time, hemin was isolated and crystallized. Since it is conceivable that
the hamin obtainad is conteminated by a high astivity contaminant, degradation

of hemin to protoporokyrin dimethylester was carried out in order to assure

(1) Altman, Xo I., Cusareit, G. W,, Xasters, Do E., Nooman, T. R,, and
Salomon, K. PFed. Froc., 7:2 {1943).

(2) Somne, J. C., Buchanan, J. Mo, and Delluws, i, Mo J. Blol. Chem,,
173369 (1948),

(3) Buchanan, J. W., Jonze, J. Co, end Dolluva, 4. Yo J. Biol, Chem.,
173481 (1948),

(4) reedhem et al. Biochem, Jo, 411631 {(1947),
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the chemical purity of the compound isoiated. In ail the expariments re-
ported the dimethylss<sr #as recrystailized twice before the maaaureﬁsnt of
activity, The prot§porphyrin dimethylester is resrystallized with ease and
has a well=definsd melting point. assuring a product of high chemical

| purity. The nmethod of K, Grirstein was used (5), TIats wers extracged with
ether alcohol miztures (2-1), saponifiad, and then separatsd into saturated
end unsaturated fractions on the basis of their lead salts, The lead szalts
were then decoﬁposed and the acids convarted to their methylestsers,

Results:

l. Protoporphyrin Synthesis: Tabls I (Page 21) shows the re-

sults of several experimsnts and lists the activity per gram protopor-
phyrin as a function of different incubation times,

2, Fat Mdetabolism; Table II (Page 22) lists the aotivity measured

for the saturated and unsaturated fatty scid freotions after incubation for
varying lengths of time.

Discussions These experiments damonstratz that cell-fres bone marrow
homogenates ere capaeble of utilizing tho alpha ocarbon of glycine in the
formation of (1) hemin eand (2) fatty acids.

The motabolisiy of bons marrow is being stuiied in detail in order to

lay the basis for an investigation of the mechanism of radiation injury as

it affects the hemopoistic system,

() CGrinstein, M. J. Blol, Chem., 1573515 (1947),
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TNCORPORATICON OF TilF CX-~CARBON ATOM

- CF GLYCIME IN BONE [MHROV FATS

Time of Incubation Clh-activity of Clh-activity of
saturated fstty unsaturated fatty
acid methyl esters acid methyl esters
Hrs. units x 10% cisint./min/gm junits x 104 disint./min/gm
16 0,148 | 0.05
25 | 0.129 0.045
67 0.565 0.594
i
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Some Aspscts of Glyoine Metabolism. II, Experiments with Spleen Homoo

genates In Vitrog

Background; In certain spacies (e.go the radbit) histological evi-
dence points to the abllity of spleen tisaue to carry out erythropolieais.
Therefore, it seemsd of interest to investigate chemiocally hemogiobin syn-
thesls in spleen tissue,

Methods Rabbit spleen homogenates were used and inoubated st 379C
in the presence of alpha carbon labeled glycine. Hemin was isclated from
the incubation mixture by the usual procedure.

Resulta: The results are tabulated in Table III (Page 24).

Discussion; The experiments reported damonstrated that the rebbit
spleen homogenates are able to synthe?ize hemin, This study is a part of
a program to investigate the biochemical mechanism underlying radiation

effects on the blood forming organs,
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TABLE III

HEMIN SYNTHZSIS IN SPLEEN HOHOGIENATES

Time of Incubation

ci_pctivity of hemin in

Hrs. units x 104 disint./min./gm.
153 27.3
25 91.2

¥ o
r.

c’z
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Problem Code: X.R.3 (Therapy)

Sestion Code: 3430

Rutin Studies:

The intravenous adminigstration of lerge quantities of hepsrin te
normal dogs results in sn immediate but transient thrombosytopenia without
significant hemoconcentration, hemodilution or alteration of the sedimen~
tation rate,

When heparin is inactivated by acid hydrolysis, a similar thrombo-
cytopenia is not produced. large quantities of histamine, likewise, are
without effeot on the thrombocyts level.

In vitro studies indicate that the sedimentation rate of a dog’s
blood is inoreased by heparin, However, this sedimsntation rate change is
countaracted by the addition of rutin in FaHCOgo Hesperidin methyl chaloone
and hqnoeriodiotyol, related flavonones, do not have the same inhibiting

effsct as rutin 3_:3 vitro.

When rutin and heparin are applied An vivo, only e thrombocytopenia
is noted, an effect found with heparin alone.
Data from such experiments are recorded in the acoompenying Tables

1l and 2 (Fages 26 and 27).
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TABLE 1

EFFECT OF HEPARIN AND HISTAMINE ON THROLBOCYTES

deparin &
Rutin

Heparin &
Histamine Histamine

Inactivated
Heparin

Heparin

ULULKOVITILY

Loy foar 0 <O - v -3 )
. ~ A =S s
siEn “pag b ’ ’ i
¥ °39k E: 25 [R xR
:m'OOO‘OOI 4 ONIOO0 Ao ol L |
%239T8%eTd ‘N TooAN O0CoOA oo~
"y fu o 88 ) ~ .
eq®Yy "pas <] o
v w Yo RVe]
¥ “1°H -2 e jj 3
C-N/OOOOOI M NN NVVMW NBINO A
#839T038Td " OO0OHN OO0O0MH COMAA
(-3
Jy furm o) = o b~ N
098y °peg — a8 c o o
o O ™ v
¥ °1°H = 2 e 5 =t
QW/OOO‘OOT M ANOQOr NMWWON wdnod
-] - L]
#879T012Td N NN NN NN
o
<y ,/ma — o NN ~ .
2354 °PpPsS o oo oo o
° " o~ o
¥ °3°H = <2 N 3
/000° 00T M WANID QEQDOQ oVnaNY
#830T03¥1d N ONNNM~ N~ N et N O R
[]
°
3
* Iy furs -
NNNOM Nt M- ~
81%Y “pPeg 8 leNeoNeoNoNa) e NoRoNe o) 08000 g-
| o
° O Vo0 NO H NN
¥ °3°H 2 V3% F 2RA%Y IIZKD 4
[ 4
f000°00T| o wedtn Aanod Neaeq  F
%2839 T298Td “N CO0O0M O0O0OH OOCOOH ;
E
—~ ~ ™ 3
§ 5 § g
3 3 3 £
g © (7} Q » B
(-] -] Q [ e
[ -] wd .~y ? -y oy
g : 7 3 4 &
g% 4 3 L
- o = O - - - - e pe—
L =nhogd e MO O R -u\oég
[+ 59 [*a % l 1 ~ W (NSO~ U 4 ) i *

UR 00661

v s



‘Hsﬁhﬂbbl r i L u

TABLE 2

EFFECT OF VARIOUS AGENTS OH SEDIMENTATION BRATES

Corrected sedimentation

Supplements to 2 ml oxalated dog bleod

Test A, 1.
2.
3.
.
5.
6.
7.

Tost B. 1.

2,
3.
'
5.
6.
7.
8,

9.

plus 0.2 ml saline solution (control)

plus 1 mg Histamine

plus 10 mg Histamine

plues 1 mg Heparin

plus 10 mg Heparin

plus 10 mg Hyaluronidase

plus 20 mg Hyaluronidase -
lus 0.2 ml saline plus 0.2 ml 1% RaHCO,
control)

#1 plus 10 mg Hesprin

#2 plus 0.2 mg Rutin

#2 plus 2 mg Rutin

#2 plus 2 mg Hesperidin methyl chalcone

2 plus 2 mg Homoeriodictyol#

#2 plus 2 mg Hesperidinm*

#1 plus 5 mg Heparin’

#8 plus 0.2 mg Rutin

The flavanones were disso.7ed in 1% NaHCO; solution.
* These substances did not readily digsolve in the RalCO4 solution.

£

Fik

14

2

0
0

rete mu/hr

0 (hemolysed)

2
25
1

W

(o)

K o o B B

W~
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Problen Code: TU.l (Physical and Chemical Properties)

Seotion Code: 3210, 3220

Dispersion of Aerosols:

Submerged Aerosol Unit; Considerable progress has been made in the

dm‘lopmnt of eimplified stainless-steel aerosol units of the submerged
type previously desoribed. The latest form of this instrument is illus-
trated in Pigure 1 (Page 29)c The dispersal jet consists essentially of a
2-part construction using 0,027" orifices for both the liquid and air jets.
The overall diameter is 9/16™ and the working height 23/32", Similar to
this previously desoribed instrument, this unit can be operated from either
submerged or slevated positions. Preliminary experiments with its use as @
submerged instrument indicate that variation in the head of 11?;\:1& above the
Jots will permit the production of a wids range of particle sizes. A one
liter round-bottomsd flask as 11lustrated was found to be ths most successful
container tube. For portable operation, the low=cost Gast® compressor unit
which 18 self-contained with i horsepower motor was found to be highly
successful in opsration over a range of pressures up to 20 pounds.

Studies are continuing on the effioiency characteristics of these

aerosol wnits,

The Isolation of Mioroquantities of Uranium from Solution by Means of Pro-

tein - A Study of the Paotors Involved;

A report in preperation for publication presents a detailed study of

T Gast Mg, Co., Benton, Michigan

13002t B ; F.tu
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SUBMERGED AEROSOL URIT
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the conditions required for the'quantitntiva saparation of uranium by means
of protein from substances which interfere with its fluorometric determina«
tion. This separation was prerequisits te the fluorometric deterﬁlnntion of
wranium and has been used in studies on the distribution and excretion of
uranium in enimals.

The general procedure was as follows: ihe acid solution of ashed
tissus and uranium was houtralized %ith allmll to pH 4,2<5,0, made 0.06
molar with acetate buffer, pH 5.0, 120 milligrams of albumin then added,
and the solution volume adjusted to 35 ml. with distilled water, After
heating the solution, the coagulated protsin-uranium mass was centrifuged,
washed once with 0,05 molar scetate buffer, dissolved in concentratsd nitriec
acid, and analyred fluorcphotometrically. Quantitisa of uranium as large
as 2=5 mgo and as small as 10 pg or loss may be isolated quantitatively from
35 mlo, of purs solution under such csonditions. Witkin thia oconcentration
renge, the pH is not critical in the vicinity of the isceleetriec point of
the elbumin (pPH 4.4<5.5). Increasing the protein concentration, the pH,
or decroasing the buffer concentration will raigse this upper limit of
uranium concentration which may be quantitatively isolated.

The inverse ralationship between buffer concentration and percentags
of uranium isolated has been established and itz importence demonstrated.
All of the readily amailable buffers react with urenium and thus compete with
the protein., Acetate buffer, being the weakest complexer, was chosen for
the procedurs., No differsnce wes observed betwson sodium and emmoniim
acetate, Citrate hes 10 or more tiwes the complexing affinity for uranium
as acotate at pH 4.8 or higher, Becaugse over 90 par cent of the urznium
can be removed with bicarbonate, it is concluded that the protein-ursnium

combination is dissociable evaﬁ éhough the protein is 30;5“1‘t0do
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Quantitative isolation qf uranium from solution was obtained with
erystallized sgg albumin, bovine serum albumin, Fraction V from bov;na
plasma, and commercial preparations of egg albumin powders.

Quantitative isolation of uranium was achieved from solutions of
ashed kidney and bone at ratios of 14100 and 1:1000 of uraniums tissus
ash. The bone astudies using Cags showed that at pd 5.0 the iaolated
uranium was practically free of calcium salts. Tho quonching effects or
ashed kidney and bone upon the fluorescence of uranium=sodium fluoride
fusionn were determined and found to be about 20 psr cent in the presence

of 5C ng of tissue ash,

Uranium Organic Complex;

Beczuse of the importance of the beryllium citrate oomple:, the
polarography of uranyl iocn in citrate mediim is teing reinvestigated, Al-
though beryllium Itself doss not give polarographioc waves, information re-
garding the physicel chemical bahavior of beryllium can bs obtained vy

competition studies with uranyl ion,

Problem Code: U.3 (Toxic Limits)

Seontion Codes: 3210

The Relation of Particle Siza of Urenium Dioxide Duet to Toxicity Following

Inhalation by Animslisg

The relation of particle size to toxicily of ursnium dioxide dust
following inhalation by enimalz hes been determirod in 2 parsllel atudies,

In both studies, 16 rabbits and 24 rats were oexposed to U0y dust at

DEGLASSIH .
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approximtely 80 mg/m3. In the first experiment, the mass median (Mg) pare
ticle s:ze was 0045 u. In the second experiment &t the same dust conocen=
tration, the U0p hed a mass median particle size above 1 u. The size frac-
tions wore prepared by sedimentation methods. The dusty atmospheres were
produced by means of an aspirator feed that developed an seroscl from a
.\mtar suspension of Wog. Collection of dust samples by the Cascade Impace
tor daily permitted a close check on particle=size variation; the Filter
Paper Dust Sampler was used to detsrmire concentration. Farticles from the
"fine™ suspension were found by the inert gas adsorption method to have a
total surface area ten times that of the particles in the "coarse" suspen-
sion, the difference resulting largely from the differencs in perticle size.
In the radbit, (a) proteinuria, (b) elevation of urinary amino acid
N-creatinine ratio, and (¢) elevation of blood NPN cocurred in both experi-
ments but was significuntly greater at 0,45 n perticle ;1200 Renal pathology
in the rabbit wss about the same in both studies. In the rat, however,
slight but definite renal damige was otserved in reariy all animals exposed
to W02 of 0045 u size, whoreas practically none was observed in rats ex-
posed to the larpger particle sizes, Appreciable lung damage occurred in
rats fron the 0.45 ja particles; sone from the particles of Mg greater than
1 B Retention of U0z in the lung in both species ﬁns 2=5 fold greater
at the srnller particle size than at the larger. Table 1 (Fage 33) of the
original reéort on the uvranium content of the tissues is included because it
demonstrates in additlon two striking facts about retention of inhaled, ine
soluble uranium dusts (1) tho groat differencs in the amount of ursnium
retained in the lung compured with that simultanecusly reaching tho lidney

and bone; and (2; the greant diflcrences that result from chznges in particie

. DECEASSirice
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27 Dave %0 80 mg Ufm) Uranium Dioxide of Different Particle Sizen

Table /

(VRS

DEGLASSIFiC.

Uranium Content of Tissues »f Animale Yxposed for

Dust ' ol U per g ash
fneocies Particle | Yo. Snecimens
Size Analyzed Mean Range
. LUNG
Rabbit 0.45 3 218,600 |185,000-214 00C
“ 1.0 10 37.CC0 8,000~ 48,000
iRat 0.45 5 123,000 { 35,000-204,000
KIDNEY
Rabbit 0.U5 7 118 25 = 302
“ 1.0 10 256 121 - 610
Ret 0.15 8 04 105 - 842
# 1.0 12 315 10 - 606
FEMUR
¥
Ranbit 0.45 8 5e3 1.0 = 17.5
4 1.0 9 11.9 Bl - 25.2
Rat 0.u4%5 8 10.0 0.8 - 21.6
" 190 12 706 195 - 1751
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sirze of +ths inhaled duat. The anslyses averagzed at the end of 37 days of
exposure ghow approximate :atio of |

40,000 5 25 ;3 1

for the lung, kidney and femur, respsctively for the rabbit inhaling U0,
dust particles of s mass median size of 0.45 uo It i1 to be emphesized that
‘these wvalues were determined on an ash weight basis of botch the soft end
hard tissuwes which weights the fizures in favor of the sof't tissues, the
femur containing 60 times the quantity of ash of the lurg.

Strikingly diffsrenz ratios are shown for the same animal species
inhaling 02 particles of imss madian greatsr than 1 micrzn, The retios
for the abovs tizsues in order are:

3,000 s 20 5 1
showing, we bellove, differences in the manner in which lerger particles
are handled bty body piocesses. It iz immediately epparent frem Table 1
thet firstly ths inhslizd quantity of dust is smallar with the larger par-
ticle size and such processse as ciliary and phagooytic acticn 1s greater,
all of vwhich aid elimination cf the larger particle size cust from the
lung,

In the rat, similar -atios determined for the thrse tissues for the
0,45 i particle size sve;:

12,000 : 30 5 &
for the larger sigse:
6,000 5§ 40 ; 1

It thus 1s eprarcnt frcm thess comparisons that ths lung serves as a
relatively large reservoir for insoiuble dust and that within a month only

a minute portion geinz moceas to other sitss, notelly %o the kidney and

SSiFin
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bone. The approximte conatapcy of the mtios of kidney to femur uranium
concentrations is in sharp ocontrast to the varying amounts in the jung and
shows that the solvation from the lung is sufficiently slow so thnf tho
kidnsy is not overwhelmed by uranium. The processes of elimination main-
tain approximate equilibrium level of uranium in the blood so that only

trivial amounts reach the femur.

Problem Codes: U.4 (Fate)

Section Code: 3210

Depoeition, Acoumulation., and Elimination of Uranium:

Comparison of the amounts of uranium depositéd in tha tissues of ani-
mals exposed to five different compounds for one year, fcllowad by one yeer
of exposurs to U-nitrate have revealed for the first timc some interesting
and useful information on the rave of uptake of urenivm in bone and soft
tiszue, as woll as its slimination from tissues.

Animils were sxposed to two insoluble uranium dusts, U0, and UPg, and
three soluble dusts, U-nitrate, UFg and UCly .

Groups of approximately 20 dogs and Z5 rats were exposed on a daily
schedule of 6 hours throughout a 5%-day work week for & periocd of one year
to each of the 6 wenium dusts; in the following year, 3 dogs and 3 or 4
rats from each of these groups were exposed on a similar schedule to a dust
of uranium nitrate huxahyirate, During the first yeer, the concentration
levels of exposure were set diffsrently for esach of tho dusts because of the
previously established wide diffarence in tho responss of animalé to the

different compounds; the exposure level of U0, was 10 mge U/hs, for UFy

0 . UR 0067¢



3 mg. U/m?’; for the soluble compoimds, U-nitrate was used at 2 levels, 2 and
0.2 mf. U/msg UFg and UCly were used each at 0,2 mge. U’/ﬁn:s for the first
year. For the second year, small groups of dogs and rats from ea.ch-of
these levels were all sxposed to a single level of 2 mg. U/m3 of U-nitrate,

The number of animsls in each group exposed for the second year from

which the cata sre derived is unfortumately smell, firstly, bocausq the exe
periment was intended to be msrely a pilot test for future, more extensive
work, and seoondly, dDecause death from old age unavoidably removed a sig-
nificant nuaber of animale from the groups expcsed for ths second year.
This was aspocially true umong the rats which were young adults at the start
of the two=year 3tudy. Approximstely 65 per cent of the rats of the strain
used in thess experirments normﬁlly die within two years under the conditions
of diet and housing existing in our colony,

The results of fluorophotomstric analysis of animal tissues for
uranium contsnt have just coms to hand from thess experimants that were
completed a year apgo, The more important conclusions may be summariged
bris’ly thus:

1, Ninaty-nins per cent of uranium present in ths lungs and 92
per csnt of that in pulmonary lymph nodes of the dog at the conclusion of
one year of daily inhalation of D0, at 10 mg/m5 is eliminated from these
tissues by the end of the second year whsn exposure is oontinued to e
soluble dust. Eighty-eight per cent is eliminated from the lung of the
ret wnder similar conditions. (See Table 1, Page 37).

20 Zlimination from the lung and its lymph nodos of UPq (e
somewhat less insoluble compound than UOz) is complets in rats, and probably
in dogs, within one ysar while bsing exposed to uraﬁium nitrate (Table 1),

3o Fo overall increase in uranium content ococourred in soft







tissues of dogs at the end of two years compared with that found at the end

of one year when exposure is continued with uranium nitrate at 2 mg. U/haq

(See Table 2, Page 39), Bone is thus the only site of appreciable acoumula=

tion from prolonged exposurs to a soluble uranium compound gf.the relatively

high inhalation level of 2 mg. U/m>.

5. A ten-fold incresse in the concentration of a soluble uranium
dust during the second year resulted in a two-fold increase in uranium ooﬁa
tent of the soft tissues of dogs; under the same conditions of exposure,
approximately a fiftyafold inoreases ococurred in hard tissue, but the data
are scanty. The uranium content of soft tissues of rats inoreased five-fold
from a ten-fold increase in exposure concentration, approximately twanty-fiva-
fold in bone. (See Table 3, Fage 40).

6. The uranium content of all tissues of dogs increased from two-
to twenty-fold upon & ten={'0ld increase in exposure dust concentration when
the compound inhaled was changed from UFg to U-nitrate at the end of the
first year, No increase in the lung of the rat resulted from a similar
ten-fold increase in exposure concentration, but approximately a five-fold
increase was observed in bone., (See Table 4, Page 41).

7. In neither group of dogs exposed to low concentrations of UCly
and UFg (002 mgo U/hp) for one year and then exposed for another year to
U-nitrate (2 mg. U/m°) was any difference in uranium content of the tissues
seen compared with dogs exposed to the same two concentrations of uranium
nitrate for two successive years. It may be conoluded, therefore, that the
past history of exposure to uranium dust (where low concentrations are con-
cerned) has no effect on the deposition of uranium from subséquant exposurs

at a higher concentration (ten=fold). (Tablés 3 and 4).
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8, From data not shown in the accompanying tables but appearing .

in Rochester Report No. UR=30, another important conclusion was reached
regarding the retention of the uranium in the body from inhaled soluble
uranium dust. The acoumulation of u;anium in the bone of animals breathing
uranium nitrate becomss appreciable only at concentrations greater than
0.25 mg. U/hso At lower concentrations elimination appsars to keep pace
with uptake, Even at the higher concentrations (2 mg. U/m%) and after '
prolonged exposure (one year), howbver, very little uranium remains in the
soft tissue; bone is the chief site of deposition of a soluble uranium dust.
Further information that is required but is not yet awvailable is that
of the elimination of ursnium from bone. Experiments are planned to yield

this type of information.

cad Adsorption;

LN

‘Previous studlies on the exchange of the cglcium of bone with the
caloium of radicactive CaCl, solutions of different concentrations have been
continued. They include the comparison of the exchange of calcium on fresh
bone and on 80 = 100 mesh glyocol-ashed bone., The previous work has beaa
expanded to include a study of the adsorptién of Ca45 on bone ash from
10=4 u CaCly solution during exposures renging from %-hour to 14 days.
Likewise, bone ash previously exposed to radicactive 10°% M CaCly solution
1s being shaken with nonradioactive CaCl, solution of the same oconcentra-
tion for periods of from %-hour to 14 days; in these experiments the initial
exposure of the bone was always 14 dayﬁo The purpose of this experiment is
to study the desorption of ca®S from bone into solution., In all cases the
radiocactivity and the Ca concentration is detsrmined in the bone and the

DECEASSHiLY
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The results of these and previous studies at higher Ca concentrae
tions (10=% ! and 102 Y) are being compiled and evaluated.

Rickests: The studies on the mechanism of action of cod liver oil
on the healing of rickets in rats with ca% as indieator of the caloiwm

metabolism of bone continues,

Problem Codes U.b {Mechanism of Toxic Effect)

Section Code: 3220, 3260

Mechanism of Action of Uranium on Isolated Cellss

It has been shown previously that u;anium aots on the surface of the .
yeast cell (Rochester Report No. UR-8) and that a oomplex is formed between
uranium and certain groups on the cell surface (Rochester Report No, UR-1T).
The uranium complexing groups of the cell are involved in the metabolism of
rlucose, presumably in the phosphorylation of glucose to glucose-6-
phosphate by the hexokinase-adenosine triphosphats (ATP) system,

The experiments reported here suggest that uranium inhibits glucose
metabolism by complexing with the polyphosphate chain of ATP bound on the
cell surface, The uranium probably replaces the Mg ion which is the activa-
tox - of the ATP hexokinase system, |

A comparison was made between the dissociation constanta of the
uranium complex with yeast surface groups and that of & number of pure come
pounds. The complexes with polyphosphates such as inorganic pyro- and tri-
phosphate and ATP had dissociation constants of the same order of magnitude
as that with yeast, However, the complexes with orthoephosphate, pglucose«6=

phosphate, glycerophosphate, citrate and protein (calculated on the basis of

Go24 | o . UR 0067g



carboxyl groups) were considex;ably lower,
In preliminary experiments, it was shown that Mg“*and Ca'™ compete
with U0p** for the yeast cell surface groups, Howaver, the uranium

complex is much tighter than that with magnesium or calcium,

poig ~ UR 00679



PROGRAM Be.

BERYLLIUM

Problem Codes Beo.l (Physical and Chemical Properties)

Seotion Codes 3210, 3220

Particle Surface Arsa Determinations of Various Grades of Beryllium Oxide:

Because a correlation was belisved to have besn found between the
incidence of toxicity and exposure to different grades of beryllium oxide
among, industfial workers, a reasonable experimesntal approach to the under=
standing of this problem appearsed to be the determination of certain physie
cal properties of the various oxides. Most critical of these as regards
toxicity is that of surface area. Accordingly, the surfnce area of seven
different grades of Be oxide bulk samples have been determined by the method
of low temperature adsorption of ethane which has been described briefly
previously in a technical report,

The surface area and particle size valuss of the different grades of
Be oxide are shown in Teble 1 (Page 46 )o Two of the samples, the GC and the
SP‘grades of Company "P* showed relatively high partiole size, 40 and 20 p
respectively, The size mass madians of the remalning samples, however, were
all within the relatively low range from 2 to 3 1o The determination of
these particle sizes was made by optical measurement of the particles and
in the case of the fluorescent grade oxide, sizes were assigned to the clumps
a8 it was not possible by the optical method to measure accurately further
subdivisions of these clumps. This accounts for the similarity in the mass
median of the refractory and fluorescent grades of the oxides which appear
widely different in electron microscope pictures,

1 + B {Er ; ' )
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The highest values of surface area were essigned to the oxide fired

at 400“C from Cbmpany "Q" with a valus of 53.5 mth; next in order was
Grade "A" of Company "R" with a surface area of 14.7. The lowest in area
was Grade "B" of this latter company and the GC grade from Company "FP".
In general, it is seen that there is an approximate surface area relation
between the fired temperature of the oxide and the specific surface, namely,
the higher the area the lower the firing tamperature,

It will be a matter of considerable interesst to correlate from re-
sults of toxicity studies now underway what, if any, relations exist be-

twesn thege physical messurements and the effects in animals.

Problen Codes Beo3 (Toxic Limits)

Seotion Code:; 3210, 3220, 3230

Conceatration Toxicity, Intravenous Injections

Using several different methods, thrae types of beryllium hydroxiﬂea
have‘been prepared and the intravanocus toxicity of each detarmined in rats.
"Beta" beryllium hydroxide, gave an LDSO cf 2.5 mgo of Bs/kg. "Alpha®™ beryle
liun hydroxide about 0,8 and "Alpha™ beryllium hydroxide céntaining smll

quantities of citrate gave an LD50 of approximateiy 0.35 ng/kg.o

Pilot Boryllium Oxide (Grade "A") Inhalation Studys

The toxicologic effect of beryllium oxide dust, Company "R", (Grade

‘"A"), wes investipated in & preliminary inhalation exposure study in animals.

A ﬁfﬁﬁi TS%QT T

Following three weeks of conditioning in a beryllium free exposure
chamber, 70 rats, 10 guinea pigs, and 3 rabbits were exposed to a meaen cone

centration of 87 rg. Be0/°+ 10,6 mg. BeO/m for a total of 60 hours over a

- UR 00682



twelve=day period., At § conclusion of exposurs, a2ll animls except § rats,
which were saved for further observation, were sacrificed and tissues sube
mitted for histologic study,

Only 2 animals, rets, died during the exferimento Cne rat died on
the 3rd day of exposure; the other, one week following the termination of
8Xposure . ‘

No loss in body weight was observed in any species during exposurej
however, 2 of the 5 rats not sacrificed showed post.exposure waight loss.

Urinary protein and bplood noaprotein nitrogen in tha rabbits were
consistently normasl, Serum protein snd albumin/globulin ratie doﬁs weekly
on the sams animals also showed no significant changes. |

Hematologic studies on ths rabbits gavs no indication of changes in
blood pioturs, Hemograms on the rats, howevef, showed changes that warrant
further investigation., Three of the § rats that wore held for further obe
servation had a slight leukooytosis during the exposurs period. This ine
crease becams more marked during posteexposura (Ses Table 1, Fago 49), The
rise in total.white blood csll count was accompanied by en incrsase in both
neutrophils and lymphocytes,

The histologic study of tissues of ths sacrificed animals has not
‘been completed.

It is to ba concluded that a twoeweek exposure to BsO, “A"

grade, at 87 mg/h§ zives indications of potential toxicity to laboratory
animals,

Acuts, Massive Exposures to Beryllium Oxide and Hydroxides

A study has besn completed for the purpose oi determining whether ex-

posure to various pgrades of oxide of beryllium can cauge an acute type of
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Table 1., Mean Uhite Blood Coll, Neutrophil and

@Yo

St iLw

hocyte

Countg in Rat ged to 85 m Be0

Clifton Fluorescent Grade.

Company "R" (Grade "A")
Period . Pre-Exposure | Exposwre Post Exposure
Thum of Weekly Counts 3 2 2

Mean White | Rat #6 10,833 13,800 17,500
Blood Cell #8 16,566 21,150 344500
Count, #9 1,250 15,420 29,850
#10 22,166 21,225 26,975
Uean Absol-{ Rat #6 3,192 5,616 6,451
ute Neutro- #8 8,653 7,498 20,056
phil count #9 4,073 7,026 9,857
#10 -11,881 9,816 12,110
Hean ibsol-| Rat f6 7,300 7,552 10,413
ute Lympho- #8 6,979 13,440 14,054
cyte Count #9 9,372 11,215 13,78
#10 9,210 11,031 1,246

UR 00684



reaction in the lung, and esﬁecially whether such a reaction can result
from a single massive exposure to beryllium oxide dusts.

Thevexperimsnts relating to this study fall into three general
groups., Ia the first, smell groups of § to 10 rats each were placed in a
smali exposurs chamber meesuring 18" on a side, and exposed to a high concene
tration of berylliuﬁ oxide dusts at levels of the order of 1500 milligrams
per cubic meter., Various grades of beryllium oxide were used, and the con=-
ditions of exposure wers maintained in each casze for a period of oné hour,.
In most cases the animals were sacrificed 12 days after a single exposure
of this type, and autopsy data recorded although the two compounds which
appeared to 5; most active aftar a single exposure were rotssted in a series
of repeat exposures, one hour each day for twelve days.

The second group of experimsnts was conduéted in ths same way ins&fﬁr
88 exposure to beryllium was concerned, but in addition, certain physiologi-
cal stresses were superimposed such as enforced exercise, heat and cold.

In the third group of experiments, each of the various compounds Iﬁa
injeoted intratracheally into groups of 5 to 10 rats at & uniform dosage
level of 100 milligrams per kilogram.of body weight, Each group was sacrie
ficed after 12 days.

During the 12 days of each experiment, esch animal was examined daily
and the following data recordeds body welght; intensity of respiratory
noises (ﬁales); presence or absence of sniffles, exudate from the‘eyea and
infactions of the middle ear, scoring each attribute on an arbitrary scele
of from 1 to 10 units, On the 12th day, eech animal was sacrificed and
gross pathological chenges recorded; including & numerical estimate of the

degres of lung damage (scale O to 10) and the relative weight of each lung

UR 00685
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exprossed as a percentage of the body weight as indicated in Table 2
(Page 52).

Results: Only a few of the data rocorded showed any evidence what-
scever of a consistent trend related to the details of the.axposureo Thus,
changes in body weight ranged from a mean weight loss of (.03 grams per day
per rat to a mean weight gain of 3.8 grams per day psr aaimal, with almost
no correlation (0=0,03) with findings at autopsy, largely becauss of the
high curvature of the normel growth curve for rats in the age grour used.
Symptoms such as presenocs of sniffles and bloody eyes appéur too sporadically
to psrmit adequata evaluation in such limited groups as were used. Respira-
tory noises in rats exhibit a complex pioture which is difficult to inter-
pret; as & result, little corrslation can be demonstrated between rales and
autopsy findings.

The‘autopsy data are by far the most consistent of the findings.
Individual animals within each group are nmutually consistent, and in addi-
tion, the recorded wmlues for relative lung weight and apparernt lung damage
show a high degree of correlation (U= 0.6), For this purpose, only the
autopsy findings are shovn in Tabls 2,

Conclusions: All oxygen compounds of beryllium studied cause definite
changes in the lungs of white rats whether administered by inhelation or by
intratracheal injection, KNons of these changes appear to impair the goneral
wollebeing of the animal, or at least the impairment is not so great that
it i1s readily demonstrable by any external tests yst devised, but is evi-
dent only in autopsy mmteriel, It is not yet possible to state positively
whether thie fmilure to show external changes is due to the absence of such

changesa or to the luck of sensitivity in «.he tapta qgv\i d or more probably
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Table 2. Acute {Bhort-Term) Response to Various Grades of Beryllium
Oxide snd Hydroxide

A; Sacrifices made twelve days after a one-hour ertcsurs

Compound Tasted Apparent Gross lung W4 x 100
Lung Damege Body Wt
Co."P" Oxids, SP Grade 3.2 R
Co."R" 6xids, Crada A 3.2 0.k5
Co.%R" Hydroxide 3.6 o.l2
Oxide froshly ignited from
beryllium hydroxide 2.8 0.87
Co."R" CGrade A aftar 12
daily l-hcur exposurse 2.2 0.9%4
Same, 12 days later 2.8 0.95
Co."RB" Hydroxide after 12
daily l-hour exposures a.u 1.25
Same, 12 days later .8 1.60
B, Sacrifices made twelve days aftsr = one=hcur sxruauwre
to beryllium oxide with additionsl physiclozical strees
Compound Stross Gross Lung Iunyg W& _ 305
Damoge Body W ,
Co."R" Oxide Heat during exposure £.1 1.3
Co.“R" Hydroxida " # " 2.4 0.97
Co."R* Hydroxide Feat after exposurse 1.4 0.6
Co."R" fiydroxids Cold after oxmoture 1.6 0,70
Co."R" Hydroxide Exerciss after
axposure 2.4 0.75

C. Sacriflcse rade twolve days after intrairachesl inlesilorn

of wsrious commounds at 100 gg[kg

Compound Groes Luag Iung V¢ % 160
Damagzoe Body V%

¥o injection 2.2 0.66
Saline vehicle caly 2.2 0,65
Co."P" oxide, SP grade 4.0 0,.8¢
Co."R" oxido, Grade A 4.0 0,

Co. "R" hydroxide ?06 0.0
Co."Q" LOCC oxide 4 1.19
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to the short duration of thé ex?ériment. The failure of any of the treata

nents (with one exception) to cause the death of any animal within the tima
1limits described would seem to imply that the changes produced are actually
of very moderate degree.

The data obtained from the animals which were intratrachezlly in-
jected indicate that beryllium hydroxide is at least as active’as the oxide
which is preparsd from it by ignition, while the inhalation data suggest .
that it is consideradbly more active, The discrepency is undoubtedly due
to the fact that the hydroxide has some peculiar physiocsl properties whioch
make 1t very liable to suspension in the air ian stable aorosols of a smoks-
like character, The oxide prepared by Company "Q", on the other hand,
oppears to be toxicologically more active than any of the other materials
studied,

The data fwrther indicats that exposure to beryllium at elevated
temperatures (100-105°F) is more damaging than at normal temperatures, It
is highly significant that at only these high “emperatures were any animals
actually killed by the treatment,

Repeated expcsures up to i2 days‘duration produce changes comparable
with tho Increased exposure. On the other hand, the data for the hydroxide
suggest tiat the changes produced may be of a progressive character, in-
creasing “n intensity efter the physical expocsurc is terminated.

Summarys Exposurs to tho inscluble oxypgen qompounds of beryllium
ers shown to produce msssurable changes in the lungs of wmts aftsr one or
severel exposurss. It is not possible on the basis of the present data to
stats whether these changes represent a éerious threat to the survival of the
animais, especially ¢incs there is sors indication that the losions may be

active and progressing 12 days efter the sxposure to beryllium has been tere

T 3{6‘,&8%‘ i E ?Lu . UR 0068.8



Acute Toxicity of Beryllium by Intrapsritonsal Route:

Cumulative mortality of rats following intraperitonsal injedtions
with various doses of Be oxids (Grade "A"™ and Grade "B" ) has been determined.,
Yale rats, average age 55 days, were injactad intraperitoreaily with single
doses of a suspension containing 50 mg/bco The results are chown in Tables

3 and 4 below,

Table 3. Be Oxide (Grade "A™)

YEEKS
Dose (mg/:r) 1 2 3 1 5 6 7 8 9
3000 (Saline) 0/10 3/10 4/0 4/10
3000 (Aquecus) 010 2/10 4/10 §/10
2000 (Saline) 1/10 1/10
2000 (Aqueous) 2/10 3/10 410 4/10
2000 (selins)» 6/10 7/10 8/10 8/10
1000 (Squeous)  0/10 1/10 1/10
1000 (Seline) o/10 1/10 1/10

*suspension propared 4 months previcus to injsetion,

Tabla 4. Bo Oxide (Grade "B")

TEEKS
Dose (mz/ig) 1 2 3 4 5 6 7 8 9
2000 (aquecus)  C/10 1/30 2/10 3/10 3/1
1000 (Aqueous;  ¢/10 1/10 2/10 21
1000 (Saline) 0/10 01

Humerator indicates nuaber of enimals that lied; denominator the number of
animals injeatsd.

It is oprarant Thai the acuts toxicify from the two grades of BeO is
very low, Grade "E" appears to bde less toxic than CGrade "A™ by the intra-

peritonsal rcuta,

30050 GG 3 i
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Acute Toxicity by Ingestien:

Data from pilot nxpsriment in whkich groups of 10 d’and 10 2 rats
(4 weeks old) were fed various dietary levels of Be carborate (BeCOz.

2BeOH.3Hp0) for 6 woeks. The results are shown in Tabla § balow.

Table 5.

Initial Bde Wt. Final Bd. Wt~ Bdc W¢, Change
Mortality Average (g, Average (g) Average (g)

Diet % N I o7 § o
Controls  0/10 0/10 51 49 208 146 +157 497
0.5% 0/10 0/10 52 51 208 147 +156 496
205% 0/10 0/10 52 52 189 140 +137 +88
50075 /10 2/10 53 51 107 91 +54 +40

Radiographic Findings in Tiblal Bead:

Controls, nepative; 0.5 per cont, nepative; 2.5 per cent, bone lesion
(sligh%); £,0 per cont, proncuncad “"rickets-1ils™ bone lesion,

Basic berylliwm carbonate is demonstradly toxic to rats et a dietary
levnl of 2,5 wcr esnt and produces death in some rats at double this level,

Chrenie Toxlcity by (rgesation:

Data from axpsrimentz in whica groups of 25 ¢”and 25% weanling rats
were fed Be sulfate [%otrauhydrats) at & dietary lsvel of § paor cent are

siven in Table & elow,
Table S.
First 31 Days of Expsrimental Period

Initial) 8d, Wte Finml 3¢. Wt. Bd, Wt, Chnqgg

Yortality Average (g) Average (g) Averags (g)

AN B K [} o
|C‘ontrola Stock dist 0425 0/25 49 45 177 130 +128  +86
iExperimentals 5% De sulf, 2/25 2/26 48 82 55 51 + T +9

UR 00690



Radiographic ¥indiags in Tibiél Hoeds

Controls, negative; sxperimentals, pronouncad "riclets=1ike™ cone

ditiono
31zt Day Yo 42nd Day of Exparimental Pariod
Bd, Wt., Z1ls¢t my .Bds Wto 42nd Eb.y Bd, Wto Changa
Mortality ~ AVerago (g) Average (g) Averags (g)
Diat — o g ad [ o”? 2
Controls Stock Diet ¢ 177 120 217 149 +40 - +19
Experi- Stock Diet 0 55 51 112 Sl +57T +40
mentais

Radiopraphio Findings in Tibial Heads

Controls, negative; experimonts, "rickets-like™ condition partly "healed",

42nd Iay to 49th Day of Ezxpsrimsntal Paricd

Bd. Wto 42nd fay Bd, t. 49th Dey Bd. Wt. Change

Lortality Averaee (g) Averare (g) Average \g)
o Diet oA Q o ¢
Controls Stock Diet 0 217 149 232 156 t+15 + 6
Bxperi- Stock Diet 0 112 91 138 109 t+ 27 +18

mentals

+

Radiographioc Findingas in Tibinul Hsad:

Controls, nzgative; sxzperimentals, healing of "riocikats<llike"™ condio
tion-now healed; new radiolucent area now oresent in proximel portion of
tivial hesd.

A hitherto unreported {inding of chungss prograssing in the tidial
head of ths femur ol rats from ths ingestion of soluble beryllium sulfate
has been demorcztrated. The newly discoverod change occurs after the appare

ant hsaling of the ricketselike condition on tha § per cent diet and 1is

JLULASOIRILY
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demonstrable by x=ray approximately one month after the astablishment of

the ricket condition.

Effect of Injeoted Beryllium on Number of Offspring in Rats:

Appended are data for rats from a breading experiment in which the
ferales es weanlings were injeoted intraperitcneslly with a single 1000
mg/kg dose of Be oxide. None of the male rats in this experiment were ine
jectsd with Be oxide, The rats were paired (one pair per cage) at weaning;

25 pairs were used in each group,

Table 7.
Groups = (3 Mortality - o
v
Controls = Not injected. 0/25
Expo I = Be oxide (Grade "B") = caged with males 0/25
Exp. II - Be oxide (Grade "A") " 4?5
Exp. III - Be oxide (Grade "A") = caged without mles 3/26

Percentage of [Pemales Bearing Litters in Pirst Five Months

Litter Ho. I 1 i v vI
Controls 100% 100% 95% 55% 194 5%
Expo I ' 569 78% 64% 36% 5% 0
Exp. II 96% 87% 68% 55% 10% 0

The data show that beryllium oxids mothers treatsd prior to mating
with nontreated males.have substantially reduced numbers of litters during -
the five-month period of observation in comparison to untrsated controls,
The eiperimant as yet does not permit a conclusion es to the effect of
berylli'mn on ruproduction throughout the life span of the rat. The appar=-

ent reduction of litiers may repressnt a retardation in the rate of litter

produsticn, Wl LR C N
P KB B - \ \ oA
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Pregnanoy in beryllium treated female rats has not changed the rate

of mortality in the five=wonth period of the expsriment,

Frovlem Codes Boo,6 (Mcthods of Datection cf Poisoning, Prophylaxis, Treate
ment, and Protection) '

Section Codes 3210, 3220, 3260

Change in Blood Lipid Ratios as Index of Beryl}ium Poisoning,
The differential analysis of blood lipids of animels was undertaken:

in the hope of finding a cliniocal method to aid in the_diagnosis of beryle

ium poisoning. It was felt that tholimportant field of 1ipid chemistry _
should not be neglected merely because of the difficulty of lipid mioromethods,
A coﬁplete analysis, such as performed in this study, permits no important
constituent to escape exsmiration. Accordingly, the partition of 1lipids in
both plasma and red cells of rabbits was determinsd according to the follow-

ing scheme of separation;

I Total Lipid IV Total Choloesterol
II Neutral Fat A Ester Cholesterol
III Total Fatty Acids B Free Cholesterol |
A Fhospholipid V Phospholipid
Fatty Aclds

B Choleaterol Ester
Fatty Acids

C YNoutral Iat
Fatty Aclds

It vas found in the normal anims) group that concentrations of indi-
vicual lipids a&s well as “he ratios of one to ancther were more constant in

tho red cells than in the plssma. Pollowing the intravenous injection of
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the rabbits with 2 mg. 3630494520/kgop elterations in the lipid pattern

were also more oconsistsnt in the red cells, Furthermore, it was found that
the ratio of phospholipid to free cholesterol changed more uniformly than
eny one individual lipid concentration (See Table 1, Page 60), Consequently,
this ratio was chosen for furthor inveatigrtion in the red cells of dogs.

in 5 dogs, the normal phospholipid to free choleatsrcl ratio varied
only from 2.4 to 2.6, During daily inhalation exposure to 30 mg.
BeSO4o4HZO/h;D however, this ratic showed a consistont downward trend in 4
of 5§ animls (See Table 2 and Figurs 1, Pagos 60 and 61)> At the end of the
expériment, values ﬁaro gtill decreasing, probably indicating that the ex-
periment was not cf sufficient duration or that a chronic phase was setting
in, A drop of 0.2 units during a period of a wesk appears to indicate an
unfavorable prognosis., Ths reversal of the usual downward trend by dog
#1226 may perhaps bo explained by the fact that only miniml tigsue damage
was obserwvable by eitier blochemical study or gross pathology.

The reason for a decline in phospholipid to free cholestsrol ratio

in dog red ceils but an inoreass in this valus in rabbits is not clear.

Effect of Superimposed Boryllium Exposdure oa Tuberculosic in Guinea Pigss

 In 1935 Loomis end Bogsn (1) réported an oanhsnoing effect of wvarious
soluble beryllium compounds on the extent of tuberculous infeection in
guinea pigs and further suggested the treatment of guinea pigs with beryle
1ium to increase the sensitivity of this animal in testing tuberculous
sputum, Becauss of this report and the present industriasl interest in the

toxicity of beryllium, It was thought advantagsous to confirm this observation,

(1) Loomis, R. W, and Bogen, B, The Blological Effocts of BSeryllium. Am.
Rev, Tuberculosis, 52:475=480 (1935).

JECLASSIFIES
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Table 1., Rebbits Injected Intravenously with
2 mg BeSOy-UH,0/kg

Phospholipid to Free Cholesterol Ratis in the Red Bloud Cell

i | Do
6ul 2.5 4.2

965 2.1 3.5

967 2.8 3.7

968 2.7 3.5

956 - 3.2

g25 - 3.0

Table 2. Doge Exposed by Inhnlation to 30 mg/m3 Level of
BeSOy* 4H,0

Phospholipid to Fres Cholesterol Ratio in the Red Blood Cell

Anipal | Contrcl | 7 Days| 21 Days { 35 Days
Naxber

1110 2.0 2.be

1225 2.6 2.5 2.4 2.3

1230 2.4 2.4 2.3 2.2

1231 2.5 2.3 2.2 2.0®

1225 2.h 2.4 2.5 2.8
»  died
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Figure 1. Dogs Fxposed by Inhalation to 30 mg BeSOh'hHa.O/n}-

Phospholipid %o Frse Cholesterol Patlo in the Red Blood Cell
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Equalv numbers of male and femals guinea pigs were selected and dis-
tributed among groups of 10 each. One group was infected with 0,005 mg. of
M. tuberculosis, strain H37 (ATCC 8236). These animals served as control
infected animals, Two other groups of guinea pigs received the tuberculous
infection in doses of 0.5 and 1 mg. subcutaneously and intra-abdominally,
respectively, and in addition recsived weekly exposure to beryllium sulfate
at a oconcentration of 50 mg/m® for from 2 to 6 hours daily, A 4th group
received no infeotion with tuberculosis but was exposed to beryllium sulfats

only. A Sth group received neither infsotion nor exposure to beryllium

" sulfate and served as normal weight controls for the entire group, Exe

posure to beryllium was continued for 23 months, Woelghts were taken weekly
and observations were continuéd for a2 psriod of 4 months from the start of
ths infeotion., At this time autopsies were performed on the animals and the
results of previously obtained nodular size correlated with the histologiec
results from stained sections.

The microscopic examination cf' the tissues of the guinea pigs failed

_t_o- show that weekly oxposures _f_:_c_> 50 m,t_!;/m:5 of beryllium sulfaote had any

30

effoct on the course of tuberculosis in ths guinea pigo, The lymph nodes

draining the ares of infection showed in all proups the same type of tissue
reaction, ramsly proliferative tubercles some of which were cassous. The
liver and spleen of a few enimals in each of the 3 infected groups cone
tained a few tubarcles of ailliary size and of proliferative type but no sig-
nificant differences between ths groups, a lthough the dosage af twbercle
bacilll among the groups differed widely.,

No pulmonary tuberculosis was found and ths pulmonary lesions usually

obaerved from ths inhalation oftaryllium sulfats were either minimal or

W ) £
. 5 8 I,
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absent; this finding has ﬁqen\previoualy observed in the guinsa nig whioch
is a relatively resistant animal to inhalation of bsryllium dust. Acoore
dingly, it may bs concluded conversely that the tuberoular infeotion did
not predispose guinea pigs to beryllium polsoning,

The findings at gross autopsy and measurement of nodular size, made
throughout the study, showed no differences attributable to the different
treatments among the groups. Morsover, the weight response of all treated
groups showed a parallel rise in growth following the third week of the
study which was at all times somewhat less than that of the untreated cone
trols, The beryllium-exposed animals showed ths poorest growth response
of all groups. In gemeral, however, the weight response was consistent
with ths histologic findings,

These results with expsrimental animls agree with the general ime
pression of industrial physicians that beryllium workers with tuberculosis

are not more susceptibls to beryllium poisoning,

Effsot of Beryllium on Isolated Cells:

Beryllium, except in high concentrations (0,01 M) had no effeot on
ths rate of growth and cell division of either Daker's yoast cells or E.cold

in a synthstic medium.

Mechanism of the Daposition of Beryllium in Bona,

Because distridbution studiss have shown beryllium to be depoaited in
bone, a faw preliminary experiments have bsen conducted to outlins the
mechanism of its deposition., These indicats that the gsolubility of beryle
lium in physiological soclutions is so low that chemiﬁal mothods for the de-
termination of beryllium will not awail in the solution of the problem and

that 1sotopic taohniquas'wil}aP@ rgqu@rqu ‘ -
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Probiem Code: Th.l (Physiocal end Chemicel Properties)

Section Code: 3210

Quantitative Microanalytic Msthod for Thorium;

A rapid colorimetric method has been developed for the determinstion
of thorium in microquantities., In acid solution thorium ions form a colqr;d
complex with carminic acid, the coloring matter of cochineal. The intensity
of color in the solution depends upon the concentration of thorium and of the
reagent, The method is an extension‘of an observation by Reck (Hikrochnmie;
27147 (1939)) who reported that thorium could be detected through the produce
tion of a blue color with tincture of cochimeal in nearly neutral solution,

Carminic acid is a complex polyhydroxy anthraquinons derivative for

which Dimroth has proposed the struecture;

CH ?
' CHO
HO . | q
HOGC J OH

(1,3,%,6=tetrahydroxy=2og1uoosidy1=8=mathy1=anthr&qﬁinono=5=oarboxy110
acid), .

In the complex formed with thorium ion, the coordination number is 4, the
samo a8 the valence of thorium. The dye i an indicator over the range of
pPH 4.7 to 6,2 with pK? at about pH 5.5, the color changirg from orange

through red and magenta %o purple, In solutions in which the concentration

UR 00699



of the thorium-carminiec acid~§6mplex is constant, the intensity of color is
a function of the pH. The pK' is shifted tovard the &cid range from that
of carminioc acid alone, The optimum pH for application to the determina-
tion of thorium is about pH 4.4, and is dstermined largely by ths desira-
bility of keeping the blenk correction low, In the range of concentrations
of thorium ion between O and 20 jg/mlo, 8t wonstant pH, the relation be-
tween extinction and thorium ion concantration follows the Beer-lambert
Iaw,

Spectral absorpticn curves were measured with a Beckman Model "Of*
quartsz speotrophotometar, using'the *bluo sensitive" photccall and 1 om,
Corox cuvettes, The pgreeteat diff'erence in absorpticn bstween the carminic
acld solution ard that containing thorium ion occurred at atout 580 mp.
Using the Beckman quartz spectrophotomater, the maximum sensitivity of the
method iz one part of therium in 500,C00. The molecular exiinoction, GE, is
4,496 ¥ 38, With the Klett=Swmmrson.shotoelestric colorimoter, using a
Farrand interforense filtor with ma: .l transmission at 575 mp, the mximal
gensitivity s one part in 400,000, '..s charnge in optical dansity for unit
change in Th++++ concentration (1 ,ug/ml) is about 31 soals units,

In the procsdure {irally adoptsd, 1 ml, of & 0ol4 per cent aqueous
solution of carminic eoid (about 2,84 x 10°° ¥ solution) is used in a total
volume of i0 ml. of a zolution buffered at pH 4.4 with /2 XHCgd40, ~NaOH or
¥/2 HOOC°CH3-NaOOC.CHZ - sodium acsatate and contzining 25 to Zoolpg total
thorivm ion., An advantage of the method 1s that the oolors¢ complex be=
tween thorium end carminic acid forms almost instantanaously, so that the

necessity Ilor heating in order to accelerate development of color is elimi-

o WELASMHE,
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The common anions whiéh form water-soluble salts with thorium ion

do not interfere in the determination. ‘The method cannot be used,‘hc'evar;

in the presence of anions which precipitate thorium as water-insoluble
galts, e.g., fluoride, carbonate, hydroxyl, phosphatss, tungstate, mOIdeato,.i
ilodate. and meoat orgenic acids except acetate and phthalate. In'&dditidn;. T???
the method camnot be used in the presence of certain organic anions, e.g., f

oitrate and turtrate, which complex with thorium, and in which the stremgth b
of the coordinate bond is greater than that between thorium and oarminiof:

acid, Ferrcus and ferric iron and aluminum interfers seriously in the dea

tsrmination of thorium. Using the Klatt-Summersen photocelsctric ocolori-

meter, the sensitivity of' the method for ferric iron end for aluminum is

about one bart ia 750,000, while the eensitivity for ferrous iron is about

L

one part in 400,000, Tungsten, molybdenuxz, uranium, and zirconium form

colorsd comploxes with carminic acid, but the sensitivity of the method for

.

the detection of thesa cations is low comparod with that for the detsrmina=

tion of thorium,

Problem Codey Th.k {Toxic Bffsots)

Section Code: 73210

Acute Toxiclity of Inhaled Thorium Nitrate Dust:

A piiot ezporimen: was performed in which 58 laborgtory animals, com-

prieing four diffarent speciss, were expossd to thorium nitrate dust in a
chamber & houra Gaily fcr a total of 56 hours during 16 calendar days., The
distribution of ths labtceratory animals among the 4 specisc was us followss

256 femalo mics, 20 vats, equally divided with respeot to acx, 10 male guinea

- UR 00701



-9
|
i
,
-
o
L
=
~
0
e
CS
Seon
&)
. " -
oy
4 v D
L
4
R
.
0
.
>3 LJ
0
N
-
-
D
»
-
o
-
-
o
N¢)
()
b
|

e

ck

4 e

"




68,

DECLASSHicu

is dus to the hygroscopicity of the thorium nitrate dust and e certain

amount of unavoidable nuisance dust.

No deaths oocurred during the exposurs period and all of the anie
mals were sacrifioced terminally for pathological examination, Gross examie
nation at autopsy revealed moderate pulmonary damage of hemorrhagic nature
in e few of the enimals, but in most of them, the lungs appeared to be
normal, The waeight curves showed no significant ohapge in trend during
the period of exposure from that during the conditioning period. The bio-
chemical data also failed to reveal evidence of toxioc offeaots. Preliminary
analysis of the hematologic findings indicated that there wes some dia-
turbance of hematopoissis in a few of the animals, although in the ma jority

the findingg wars negative,

DECLASSHity
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PROGRAM F.

FLUORIDE

Problem Code: F.3 (Toxic Limits)

Section Code; 3210, 3230

Acute and Pllot Feeding Studies;

The feeding of sodium fluorlde to rats at dietary levels of 0,02
and 0.2 per cent was continued during the past quarter until the total
alapsed time on the dists reached six months, At this point all rats were
sacrificed with the exception of those on the control diet and those on
the 0.2 per cent level, and specimsns of tooth, root, orown and incisor,
and epiphysis, diaphysis and alveolar bone removed for fluoride analysis.
The control rats and those animals on the 0,2 per cent level will bs given
a 2l=day LD50 dose of uranium nitrate to determine whether or not the ine
oreased fluoride intaks has increased the resistance of the rat to uranium
toxicity. {(For further discussion of this issuo see Problem Cods Fo4,

Page 74).

The urinary fluoride excretion data for the sixemonth period indicate
that immediately after having been placed on the fluoride diets, the level
- of fluoride in the urine increases steadily until a plateau is reached. An
interval of 23 days is required for those animals on the 0,02 per cent diet
to reach u fairly constant output. The meen of the plateau at this level
of iatake i3 approximatsly 0.5 mg, F/%Qtal volume of urine excoreted., A 48=
day period 1s required for those animals receiving 0,2 per cent sodium
fluoride to show a platsau in urinary output; the mean excretion for this

plateau is approximetely 4.5 mg. F/total volume of urine exoreted, It will

BT n* ginns i 1 '
X MECLASSIFIED ...



LD

be noted that this is a nine-fold increase in the urinary level of fluoride;
the dietary level is ten-fold inorease. A ocomplets report on these feeding
experiments will be prepared upon completion of the bone analyses and

uranium toxicity studies.

Toxicity of Sodium Fluoride by Ingestion;

Date are presented from an expsriment in which groups of male and
female rats (5 or 6 of each sex por group) were fed wvarious dietary levels

of NaF for a period of 6 months,

Table 1.

First 3 Weeks of Experimental Period

Initial Bd, W, Fipal Bd, Wt. Bd. Wt. Change

' Mortalig A A A
Group Diet %2_";@_2(;5) ‘%’;{gg—éﬁj —%°—’55-°—é5) )

I Stook met 0/6 0/6 69 67 164 130 95 T3
II 0.02% MaF 0/6 0/8 61 56 163 144 +102 88
II1 O0.2% faF 0O/6 1/6 64 63 90 78 + 32 28

IV 0.4% NaF 8/ 5/ 58 55
V 1.0% MaF 6/ 6/ 68 56

£
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From 3rd Week to End of 6th Month of Experimental Period )

Initial Bd. Wt. Final Bd, Wt, Bd. Wt. Change
Mortaiity Average (gz) Average (g) Average (g)
0 - q ;

Group  Diet o" 2 q o 9 o 9
I 0.02% NaF 0 154 130 296 211 +142. +81
JI Stock Diet 0 183 144 290 211 +127 + 67
I1I 0.2 % FaF 0 90 78 232 144 +147 + 66

IV (all dead)
V (all dead)

VI (new con=~ o] 181 144
trol group)

0>

3 220 +132 +76

et

Data ere presented from an experiment which is still in progress in
which groups of 5 male and 5 femals mature rats (6 months 0ld) have bsan

fod various dietary levels of NaF for a paricd nf three weeks,

Table 2,
Initial Bd, Wto Bdo Wt, (3 wka) Bd, Wt, Change
Mortality Average (g) Average (g) Averages (g)
Diet % oA S o 9 =l ? : 9
Controls ofs of5 278 182 291 190 +313  +8
0,1% TeF o5 0/5 290 201 283 207 ~ 2 +8
0.2% NaF o6 o/f5 264 188 237 383 ~-27 =8
0.4% NaF 2/5 2/5 278 185 211 244 ~87 =4l

Sodiunm fluoride is uniformly lethal to rats when incorporated in
the dist at a level of 0.4 por wont or greater. At 0,2 per cert there is

growth dopression and en oceasional death among fomals ratss

RIS AN
e LAd VI 1L
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Problem Code: F.4 (Fata)

Section Codey 3210, 3220

Pluoride Metabolismg

Newburpgh Gtudys e date reported previously in this study have

been extended tc include a larger number of control (Rochester) non=fasting
samples. The results of the study are summarized as follows:

1, The mean blcod fluoride level, for non-=fasting samples of a come
nunity whose water supply contains approximately 1.3 rpm F is significantly
higher (by a factor of 2,8) than that of a community whose water supply
contains approximately 0.C6 ppm F. There is considerable overlapning of
individual samples rrom the two groups. however.,

2. There is a significant difference betwsen the means of fasting
and non-fasting blood samples drawn from the samo populetion.

Yo The maan urinary fluoride levels from these %two communities ars
in reasonably gocd agreemsnt with the level of fluoride in the community
water supply, Considerabls variation about the mean exists among the in-
dividual semples, however, at the level of 1,36 pgm F in the vater. A
summary of the data is shown in Table 1 {fagz 73).

After declassification these data were vresented in ths form of a.
rpaper at the Z6th Cenoral Meeting of the International Association for

Dental Ressarch,

Kidney Oysfunction Studiss:

Date rz2lative to the excreticn of fluoride by the normal and abnormal
human kidney has been extcnded to include a patient afflicted with chronic
glomerulonephritis. 4 summary of the data obtained to dats is presented in

- Table Z (Fapge 73), which ipdicetss that the mezzursment of urinary fluorids

! j.,,.\
h D~
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Table 1. Supmary of Data Jron Hewburpgh Study

llean Fluoride level, ppm F

Sample Rochester Nevburgh
Water supply 0,06 1.36
Urine 0.06 1.12

| Non-fasting blood 0,014 0.04
Fasting blood 0.003 -

Table 2, Effe

of Kidne function on
Urinary Excretion of Fluoride

Per Cent Recovery in
Urine of Fluoride

Conditlon of
4 Kidnoy

Normal FA- VA
Normal 46,0
Chronic

Glomerulonephritis#* 19,6
Pyelonephritis with

hypertension 0.0

Added to Drinking {later

* No renal insufficlency
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ray be & clinical index of renal function since the damaged kidney appears
either not to excrete ingested fluoride or to excrete decreased amounts
from norral,

An investigation of the ability of the uranium damaged kidney to
sxcrete fluoride has been initiated, using rabbits as the experimental
animal, The data available to date indicate that the urinary excretion of
fluoride by those animals which had received a single subcutaneous injece
tion of uranium nitrate decreesed as the damage to the renal tissue inoreased;
the excretion then returned to its original level as the damage was re-
paired. The minimal excretion levela noted ranged from 7 to 23 per cent of
the quantities being excreted prior to the injection of the uranium nifratoo

A seoond finding in this atudy suggests that fluoride may possess
the ability to protect against the toxic aotion of uraﬁiumo It was found
that two of four animals given the urenium injection only,died shortly
after administration of the uranium, whereas no mortality was obtained in
the four ﬁnimals recelving 15 ppn fluoride in the drinking water and a
single subcutansous injection of uranium, Blood urea nitrogen determinations
also support the protection hypothesis, since the ursa nitrogen levels of
the animals receiving only ths uranium showed a two=fold increase over the
urea nitrogen levels of those rabbits receiving both uranium end fluoride,

Further work is being planned to corroborate and extend these findings.

Urinary Fluoride Output in Beryllium Pneumonitis;

The urinary output of fluoride added to the drinking wvater of three
patlients hospitalized with beryllium pneumonitis has been determined for
periods of 15 to 30 days. Definite conolusions csnnot be drawn regarding

the efficiency of the urinary excretion of the sdded fluoride until

"UR 00709



sufficient control data for comparabla periods are available from normal

individuals. Such data are being collected.

Blood Fluoride Lavels Following Exposure to Hydrogen Fluoride;

A preliminary investigation of blood fluoride levels following ex-
posure to hydrogen fluoridse has baen completed. In this svudy rabbita
were exposed to epproximately 29 mg. HF/E; for interwals of 6 to 30 hours;
blood fluoride levels were then determined after each day of exposure, and
for several days after terminnticn of the exposure. The results indicate
that exposure to hydgogen fluoride at a concentfation of 29 mge. HI?/‘in:s pro-
duces a definite increass of fluoride in the blced; & ten=fold increass
above the normal being noted in several of the animals, The levels are
still abnormally high at least three days after ths animals have been re-
moved from the hydrogen fluoride atmosphere; normal velues are again found

six days after termination of the exposure.

Bone Metabolisnmg

The mechanism of fiucride fixation by bone has bsen investigated.
Under proper exparimental conditions, fluoride iom undergoes ionic exchange
with hydroxyl ions, This sxchange is uninfluenced by variztiong in the

concentration of caloium end phosphate, is inhibited by 2n inorease in

hydroxide or bicarbonate concentration,
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PROGRAM S Mo

SPECIAL MATERIALS

Problem Code: S.M.5 (Mechanism of Toxic Effact)

Section Codey 3210

Acute Toxicity of Zirconium by Injection:

Ll
(i
Lo
o

Zirconyl nitrate, (Beker's Technical Grade, Zro(NOz)202H20) when
injected intraperitoneally into mice (groups of 4 per dosage level) has
glven an LDSO roughly of tha‘order of 450 mg/kg. The concentration of

the solutior. injected wae 50 mg/oc. in H20.

UR 0071,
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NECLASSIFIED

PROGRAM I.S.

ISOTOPES

Problem Code; IoS.l (Tracer Chemistry)

Section Code: 3120

Studies of Protein Mptabolism in the Dog Using Ci4 labeled Dl-Lysine. I.

The Distribution of 14 Activity 24 Hours After Ingestion of ¢Cl% labeled

Dl<Lysine:

Background: As a result of earlier studies by Schoenheimer et al (1)
it was concluded that the essential amino scid L-Lysine was incorporated
into the tissue and blood proteins of the rat without undergoing transami-
nation and without exchanging the J- ¥~ o or hydrogen atoms of its carbon

chain, This has besn referred to as the metabolic inertness of-lysine and

makes isotopically labeled lysine a useful reagent for labeling proteina
and for studies of protein meteabolism.

HAelmkamp et al (2) have synthesized and made available for our use
DL lysine with c14 in the ( carbon, With this compound it is possible teo
study not only the fate of the lysine molecule as a whole, but also to
detect conversion of the lysine carbon chain to other intermsdiary metabo- '
liteso, _

Dotailed data on the distribution of labeled lysine in.the‘various
tissues and blood protein fractions have not been obtained. It is the pur=

pose of this study to obtain such data.

(1) Schoenheimer, Ro, et al. J. Biol. Chem., 140:779 (1941).

(2) Hslmkamp, R., et al. Jo Amer, Chem, Soc. In press.
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lsthod: A doge of { Cl1% labeled DL-lysine was fed with a small

amount of lean meat to a normel adult dog that had fasted for two days
previously., The dog was'then placed in an air=-tight chamber through which
a continuous stream of room air was drawn,

A carbon dioxide absorption apparatus was arranged so that every
2 hours all CO, in the air from the chamber coule. be absorbed in strong
potassium hydroxide for a period of 30 minutes. ITwselvae (0 samples were
obtained in this wﬁy;

The dog remained in the chamber for the 24 hours of the experiment

. except for brief intervals of 5-10 minutes at the olese of COz collection
periods for the removal of blood samples drawn from the external jugular
vein,

At the end of 24 hours, under light ether anesthesia, the dog was
exsanguinated, and perfused with Locke’s solution to remove residual blood
from the tissuwes,

All viscera were romoved, care being takean to avoid contamimation
with urine or bowel contents. Tissues were prgserved by freezing and re=-
frigeration, and prepared for assay by heat drying, vacuum dessication,
or lysophiling (brain, lung, liver, kidney, thigh muscle, and temporal
muscle). Lysophiling gave the most satisfactory tissue preparations.

Thhere albumin and globulin fractions wers studieg, the plaaha was
treated with 26.8 per cent sodium sulfate according to the procedure of
¥a joor (4): this procedurs precipitates all globulins and leaves only ale

bunin in solution, Othker aliquots of plasma were treated with appropriate

(4) Majoor, Co Lo Ho J, Biol, Chem., 1693583 (1947).
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volumes of saturated scdium chloride to effect helf saturation with sodium
chloride and thus precipitate fibrinogen.

Chemical albumin to globulin ratios were determined by Kjeldahl
analysis of aliquots of the same plasma end albumin solutions that were
used for Cl%4 assay. The globulin precipitates were assayed for cl4
directly.

Aliquots of the expired CO, in potagsium hydroxide were converted
to barium carbonate and assayed for cl4, V

All c14 assays were carried out after wet combustion of samples by

the method of Foloh and Van Slyke (65) by using the apparatus developed by
Bale,

Results: Io. The Distribution of C}% Activity 24 Hours after Ine
gestion of &% 1abeled DL Lysine: _

The dose fed containad 6,00 x 10° vglts/mino;' activity.

Ao The 24=hour urine was found to contain a total activity of

1970 volts/min. or 33 per cent of the dose fed,

Bo The aotivity of the expired COz rapidly increased after
feeding to a maximum at about 12 hours later, then was
maintained, dropping significantly in the last of the twelve
2<hour periods. (See Figure 1, Page 80)c The total ac-

tivity of the expired (O was estimated by multiplying

the total activity of the 30-minute samples by 4:

(6) Van Slyke, D. D. and Folech, Jo Jo Biol, Chem., 1364509 (1940).

* (Volts/min)x(1.88 x 10%) = disintegrations/min. (Volts/min) x (B8.46
x 10”3) = microcuries.




¢ ACTIVITY OF PLASHA AFTER FEEDING
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4 (420,8)= 1875 volts/min.

1675 x 100
This corresponds to: €,00 x IOS== 32,7%% of the

doss fed

¢, The cit activity of the blood plasme, and the distfia
bution of astivity in non-protein, albumin, giobulin,
and fibrinogen fractions., (See ¥igure 1, Fage 80).
1. The total clé activity reached a peak of
35,5 volts/min /100 ml. plasma in the 6<hour speci=

men- Assuming a plasma volume of 500 ml., the maxi-

mun activity in the plasma corresponds to

5 (35,5) x 100 = 2.96% of the total dose fed,
6 x 109

2. The 014 activity of the "noneprotein' fraction

reaches a poak of 20,8 volts/min/100 ml, plasma in the
6<hour spscimen and drops to 3.6 volts/min/100 ml.

plasma in the 24-<hour specimen. Thus, at the close of
the experiment, ths activitr in the none=protsin frace

tion wass

e % 300 = 15.8% of the total plasma sctivity.

3. Ths ci% activity of the total plasma protein

rises rapidly (while the non-protein fraction’s ac=
tivity is rising) to 12,2 volts/min/i00 mi. plesma
and then rises more slowly after the first €=hour to
attain a maximum activity of 19 volts/min/i00 ml.
plesma at 24 hours, corrssponding %to 84,2 por cent of

500 (197
the total plasma activity and 6.0 x 10° (100) = 1.58%

of the total activity fed.
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4, The (,‘14 activity of the mlbumin fraction rises

similarly to 5.3 volts/min/100 ml. plasma at 6 hourég

and then to a maximum of 7.5 volts/min/100 ml, plasma

at 24 hours. This corresponds to:

x 100 = 43.5% of protein activity at 6 hr,

7.5 x 100= 39.5% of protein activity at 24 hr.

' 7.5
when the CM activity of the albumin fraction 2,28 ™ 3,28

volts/min/gm.

5o, The Cl%4 activity of the globulin fraction rises

similarly to 6.8 volts/min/100 ml, plasma at 6 hours

and more gradually to 11,5 volts/min/i100 mi. plasma at

24 hours. This corresponds tog

6B x 100 = 55.7% of total protein activity at 6 hr,

and

11,5 x 100 = 80.5% of total protein activity at 24 hr.
0 ujs

and the c1% activity of the globulin fraction ~ 4,91 = 2.35

volts/min/zm. In terms of C1% activity, the albumin to
globulin ratio i3

4305 - 0077 at 6 hl’o
55,7
and
39.5
B0.6 = 0.65 at 24 hr,

Chemically determined albumin to globulin ratios from the

gama specimens.
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Total protein at 6 hr. = 6.34 gm/i00 ml. plasma
Albumin at 6 hr. = 1.73 gm/100 ml. piasma

o 1.73

© O (6’\34“&173) =3 0538 at 6 hru

Total protein at 24 hr. = 7:19 gn/100 ml. plasma

Albumin at 24 hr. = 2.28 gm/100 ml- plasms

2028

[+
[4 ] o (:oI9=‘202§) = 0047 at 24 hro

6o The Cl4 activity of the fibrinogen fraction

rises from 0.5 volts/min/100 ml, plasma at 6 hr.

to about 1,25 volts/min/100 ml. plasma at 24 hr.

Since the plasma at the termination of the experi-
ment contained 0.36 gmo fibrinogen/100 ml., the

1.25
cl% activity/gm. Cibrinogen equals — .36 ™ 3.48

volts/min/gmo

Do The c14 distribution in tissues expressed in terms of
volts/gmo dried tissue and volts/min/gmo carbon isa
shown in the following incompletes 1lists

Volts/min/gm,  Volts/min/mm.

dried tissus carbon
Duodenum 1.86 3,10
Jo Junim 2,04 3,10
Liver 1.54 3020
Kidney | 1,49 2,88
Lung, 8.62 1,79
Lumph Node {cervical) 1.34
Thigh uuscle ,665 1,25
Brain : -286 0,495
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stcussion: The fed 6'014 labeled DL 1y31no wa s almost samalstely
absorbed from the rastro=intestinal tract and rapidly incorporated into the
various blood and tissue protsins. The finding of highest activities in
the blood plasma proteins, small intestir:, iiver, and kidney is very
similar to previousiy reported observations with other amino acids such as
s:yeine and methionine in the rat. Tt is of interest that the brain which
has been supposed not to metabolize amino acids other than giutamioc, has
an appreciable C1%4 activity (mainly as iysine).

The large é}oportion of fed cl4 activity in the urine is ascsountable
on the basis of the known fact that the unnatural D-isomer of lyeine is
not utilized by the organism as such, and when fed, is excretsd in large
measure wmchanged, This is in agreemsnt with the observation of Schoen=
heimer et al (See Reference (1), Page 77), that D Lysine labeled with le,
fed to rats, is mainly excreted in the urine unchanged.

The very early appoarance of C14 pctivity in the expired COp is a
good index of the rapidity with which oxidation of the fed amino acid en-

- sues; a lurge portion of this activity is probably derived from the oxidatioh
of the D Lysine. The average maximal specific activity of the expired COp
per millimole was of the order of 0.6 volts/min.

The cl4 activity of the blood plasma proteins ettained a maximum ace
tivity at the close of the experiment corresponding to 1,58 per cent of the
total activity fed, or to about 3.2 psr cent of the fed dose in terms of -
the natural isomer. The chemical albumin to glodulin ratio is approximately
one=half the C1% albumin to zlobulin ratio at 6 hr. and two-thirds the ¢l
albunin to globulin ratio at 24 hr, This zay be interpreted to indicate
that nore lysine is incorporated in 1 gme. of albumin than in 1 gm., of

globulin and may simply be a reflection of the fact that serum albumin has

ASSiniED

UR 00719



RN

: 14 : r~14 5 .
ward in the ¢ A/b ratlo at 24 hr. implies that ((’C lysine lebeled)

albumin molecules are produced at a lesser rate than globulin, or expressed .
otherwise that the mean globulin turnover is more rapid than albumin turne
over, This latter view is supported by the apparently more rapid disappear-
ance of globulin ¢l4 than albumin cl% from the plasma of the normal dog
injectsd with ¢4 1aveled plasma proteins. {(See "Results II", Fage 86),

It is of interest that at 24 hr. after feeding the DL lysine, the
fibrinogen fraction has an activity of 3.48 voits/min/gm. which is mbout
the same as that of the albumin fraction. Because the earlier fibrinogen
fractions had such low activifies, it is not feasible to compare them with
the albumin or total globulin fractions at this time,

Sumrary:

l. DL-lysine labeled in the € cerbon with c}4 has peen fed to a

normal dog and the distribution of activity in expired COgpp urine, bloed,

and tissue proteins studied,

Studies in Protein lMetmbolism in the Dog;UsiqgﬁCl4 Labeled DL-Lyaine, II.

The Fate of Cl4 labeled Plasma Protoins ihen Injected Intravenously Into A

Normai Dog:

Background; The study of Fink, Enns, et al (1) made use of fed N8
labeled lysine to produce labeled piasma proteins in a normal doé, and used
the rasulting plasma for injeotion into normal dogs and dogs suffering
from shock incidental. to intestinal trauma. In these experiments it was

found that the labeled proteins disappeared rapidly in non=logarithmio

(1) Fink, R. Mo, Enns, Ts, @t al, Jo Expo Med., 803455 (1944),
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fashion with about 50 per cent gone from the plasma at 24 hr. and about

64 per cent gone at 48 hr. This was similar to the observations of Fine
and Seligmn (2), using radiogctive sulfur labeled cystine in plasma pro=-
teins, who reported that 30 per cent of injected plasma was gone from the
circulation in 15 hours and 55 per cent was gone at 48 hours. Likewise,
Heidelberpger ot al {3), has shown that rabbit serum antibody protein
injected into a rabbit was removed from the circulation to the extent of

38 per cent at 23 hr. and 56 per cent at 48 hr.

None of the above studies attempted to compare the extent of incor-
poration of the isotope in the several plasma protein fractions after feed-
ing or the extent of disappearance of these labeled fractions when indootea  ﬁ3
with whole plasma.

Method; A lafge portion of the blood from the dog fed c14 1abeled

lysine was heparinized, and the plasms was given intravenously to a normal SR
recipient dog, to allow a study not only of the disappearance of ths labeled T
plasma as a whole, but also the relative disappearance of the serum albumin
fraction as compared with the total globulin fraction. Blood samples were
drawn at intervals from the recipient dog for protein fractiomation and
cl4 assdy.

Hethods of protein fractionation and cl4 assay were the same as those

used in Zxperiment I. (See Page 78).

Resulta: The graph (Figure 2, Pags 87) shows that 30 minutes after

the injection of the C* labeled plasme the activity as measured directly

on the plasma was 4,3 volts/hin/ioo mlo of whole plesmag 24 hours later,

(2) Pine, I. and Seligman, A, Mo Jo Clin. Inv., 223285 (1943),

(3) Heidelberger, M, et al. J, Biol, Chem., 1445556 (1942),
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THE PATE OF CM* LABELED PLASMA PROTEINS

WHEN INJECTED INTRAVENOUSLY INTO A NORMAL DOG
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the uctivity was 2.5 volts/min/100 ml., and 48 hr, later, the activity was
2,0 volts/min/100 ml, The "half-life time" of the total plasma on this basis
is approximately 40.5 hr. These data were not cofrected for dilution of
activity consequent to the removal of plasma in the course of sampling,

The "half<=life" of albumin ct4 activity was approximately 57 hours,
and that of the globulin cl4 uctivity was approximately 37 hours,

Discussions It is significant that the globulins as a groﬁp_appear
to be removed more rapidly from the plasma than the albumin fraotion. This
my be a reflection of the greater ease with which the organism can elabo-
rate and turn over plasma globulina as compared with albumin.,

Summary: Intravenously injected cl4 lysine conteining plasma proe
teins disappear rapidly from the circulating plasma of a normal dog with
the globulin fraction half gone at about 37 hours and the albumin half g&ne

at about 57 hours after injection.

Studies in Protein Metabolism in the Dog Using 6'014 labeled DL-Lysine.

I11. The Fate of C1% labeled Plasma Proteins When Injected Into the Peri-

toneal Cavity of the Experimentally Ascitic Dogs

Background:; Ascitic fluid has long been known to contain large
amounts of protein which undoubtedly comes from the circulating plasma and
consists largely of albumine |

MoKee and Schilling (1) have devised a simple technique of induoing
ascites by surgically obstruoting the inferior vena cava above the dia=

phragm in the dog.

(1) T.ICKBG, F. We et al, Fed, Hoco’ 63396 (1947)0

lg ‘.;'2.‘}:'.'
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The aexchangs of the protein in ascitic flﬁid with that in the plasma
has not hitherto been studied. The availability of c14 1abeled pldsma oro-
teins from & normal donor animal makes possible such a study.

Method: A large volume of Cl4 labeled heparinized plasma was in-
jected into the peritoneal cavity of an ascitic dog to determine the rate
of disappearance of proteins from the peritoneal cavity into the blood in
agcites, Samples of blood were drawn at intervals up to 48 hours at which
time the peritoneel cavity was tapped. The fluid removed was measured and
then assayed for residual cl4 activity. ‘

Results: The graph (Figurs 3, Page 9:') shows that cl4 activity
appeared in the circulating plasma in detectable amounts at 2 hours after
the injection (1.9 per cent of total dose given), and reached 12.9 per
cent of fhe total dose givanvat 48 hours. Since at 48 hours 32.5 per cent
of tho total activity given was still present in the ascitic fluid, about
£% per cent must have been removed from the blood,

Since the cl% activity of the plasma rose only from 1.03 to 1022
volts/min/100 ml, in the last 18 hours, and since the activity of the as=
oitic fluid was 2.0 volts/min/100 ml. at 48 hours, a steady state was being
approached in which activity was being removed from the plasma as rapidly
as it was entering the pleams,

Discussion; The raplid appearance of labeled plasma proteina in the
circulating plasma of an ascitic dog after these proteins were injected
into the peritoneal cavity indicates that in the process‘of ascites formn-
tion, the protein components of the apparently stagnant acoumulation in the
peritoneal cavity exchange rapidly with the circulating plasma proteins, and

thus represent but another demonstration of the dynamic relation between the
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ABSORPTION OF C¥ LABELED PLASMA

FROM PERTTONEAL CAVITY IN ASCITES

Net Volts per min.
in circulating _
plasma

% Total absorbed
Remaining in :

Plasma

y 3 Total dose .
remsiuing in
plasma )

Net Volts pér min,

per 100 ml. plasm
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| | l 1 l R
10 20 30 . L0 50 60
HOURS AFTER INJECTION

Dose Injected= 130 ml plasma (.33v/m/ml)= 43 v/min.
Dose Absorbed = 43 (1400 x .020)= 43-14=29 v/m
Ascitic Fluid= 1400 ml. volume
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circulatine nlasma proteins and other proteins in the body- Because of the
iow activities, it was not {easibles to compare the ¢4 aibumin to "giobulin
ratios of tha eirculating plasma with thosa of the injected plasma, to
ascertain whether the albumin exchanges more rapidly than the globulin in
the ascitic fluid.

Summarys Injected cl4 lysine labeled p;otsin componants of ascitic
fluid in canine experimental ascites are in dynamic sxchange with the
plasma proteins in spite'of continuous imcreasing acoumulation of ascitic
fluid.

14

Studies in Protein letabolism in the Dop Using C labaled DL-Lysine.

IV, The Intermediary litabolism of Lysine:

Background: The intermediary mstabo}ic fate of the carbon chain of
lysins is not known, although a brief note by Borsook et al (1) reports the
conversion of 014 labeled lysine to¢1:=aminoadipic acid by guinea pig liver
siices in vitro,

The evailability of tissuas from a normal dog, sacrificed 24 hours
after ingestion of ¢ jabeiled DL=lysine, has made possible a chemical
study of the amino escids isolable from tissues. Pure chemicai individuals
can then be studied for C*4 content and structural felation to lysine,

Bothod: For the isolation of emino acids, tissues werse hydrolyzed
with 20 per cent HCoL; the dicarboxylio emino acids were removed from the
resultant mixture with the anion exchange rasin amberlite IRA=4, and the

basic amino acids by the cation exchangs resin rmberiite IRC-50,

(1) Borscok, H, et ale J, Biol. Chem,, 1733420 (1948).
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The lysine was then isoiated as a styphmate, which was recryatal-
lized, and then converted to crude lysine, .2ICL (contaminated with small
amounts of arginine and histidine), The lysine, ~2HCL was then converted
to the picrate which was recrystallized and found éo be free of contami-
nants on paper shromatography. A portion of the lysine picrate was re=-
converted to lysine .2HCL for chemical characterization.

The dicarboxylic amino acids were idolated as glutamic acid hjdrOe
chloride and copper aspartate by accepted methods.

Results:

The Chemical Identification of the Radicactive Hatabolitas 4in Tissuess

The method of separation used in this atudy rovealed that clé activity was
present in the basic amino acid fraction (arginine, histidine, and lysine),
in the dicarboxylic amino acid fraction (glutamic acid ac! aspaftic acid),
and also in the monocamino-monocarboxyiie acid fraction., The findings for
liver were typical;
Ao Ths Basic Amino Acid Fraction:
Lysine was isolated as the picrate and converted to
lysine=2HCL, Both had proper chemical coﬂstants and showed
no deteotable asmino acid contaminants on paper chromato=
graphy., The cl4 activities of;
1 gram whole dried liver = 1,54 volts/min,
Basic fraction from } gm. whole dried liver = 0.930 volts/min,

Lysins equivalent to 1 gm. whole dried liver=0,481
volts/min,

Basic fraction activity unnccounted for by lusine=0.449 volts/hina

297 of total activity
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The nossibility that arginine may be derived from lysine and contains 014
is beinr investigated.
B. Tha Dicarboxylic Amino Acid Fraction:
Glutamic acid was isolated from liver as the hydro-
chloride and aspartic acid as copper aspartate. Both had
proper chemical constants, and contained no detectable

contaminating amino acids by paper chromatography. Since

38,6 mgs. glutamic acid hydrochloride from the liver had

084 volts/min. activity, then the activity in 1 gm, of
liver (10.2%N) may be estimated by assuming that liver
protein (16%N) conteins 11.4% glutamic acid (Bloock) (2)¢

1002 (6525) (11.4)  (

15,6 () n084) = 0,198 volts/min/gm.

dried liver

0,198
This corresponds to 1.54¢ x (100)= 12.8% of total activity

in liver and on a molar basis, the glutamic acid has

16, ,; of the activity in the liver lysine computed as

follows:

%QI x  (06175) = 2.39 volts/min/millimol of lysine

12335 x (084) = 0040 volts/min/millimol of glutamic moid
o

040 X (100) E—1 1607%
2,39

-3

Since 31.8 mgs, of liver copper aspartate had 0,018
volts/min. activity, then the activity in 1 gm. of dried liver
(10.2%N) may be estimated by assuming that liver protein

(16%N) contains 7.4% aspartic acid. (Block) ().

(2) Block, Ro Jo ™The Amino Acid Composition of Proteins and Foods™,
C. Cc Thomas, Spri

%

Sk |
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10,2 (6025) (7<4) x (0.018)= .040 volts/min./gm. iiver
31.8 {.673)

This corresponds to:

Tf‘g‘:il x {100) = 2.6% of total activity in liver

On a molar basis, aspartic acid has 4-6% of the activity in
liver lysine, and 27.5% of the activity in liver glutamic
acid computed as followss

194,7

5 = (0.018) = o11 volts/min/millimol aspartic ecid

o

.ﬂ% x (100) = 27.5%

2

The moncamino-~carboxylic acid fraction by paper chromato-

graphy contains less than 5% of the original basic amino
acids, and less than 10% of the dicarboxylic emino acids,

14

yet the C activity invthe monoamino=carboxylic acid frace

0171
tion of the liver has .171 volts/min/gm. or T.54 (100) =
11.1% of the total activity present, The identification of

the (14 active componsnts is being actively pursued.

Discussion; The most significant general observation mads in the
study of 1solated amino acids indicates that ths carbon chain of lysine
is definitely converted to other amino acids. Because the specific ace
tivity of the liver glutamic per millimoi is of the sams order of wag-

nitude as that of the expired €Oz, it is not possible that it was derived
from the CO2 assimilation reaction of Wood and Werkman (3). In this

(3) Wood, H. B, and Yerkman, C. H. Biochem. J., 30348 {1936),
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reaction, only 1 millimol Of;COQ would be used to form 1 millimol of glu-
tamic acid, and the resultant dilution by inert glutamic acid of tissues
would give tlutamic acid of activity several hundred times less than that
observed. By the same token, the activity observed in the liver aspartic
acid was also very probably derived from the lysine vie glutamic scid.

We have no evidencse for the occurrence of¢%<-aminoadipiq acid as a
breakdown product of lysine, although this was reported by Boraook-et al
(See Refersnce (1), Page 91) to result from the in vitro oxidation of Le
lysine by guinea pig liver, It is conceivable, howsver, that ol -amino-
adipic acid may be an 1n€armed1ary metabolite in the conversion of lysine
to glutamic acid, but that thé concentration ofcl:=aminoadipic acid under
physiological conditiona is very low and has escﬁped detection by paper=-
chromatographic methods used which would have detected as little as 0.1%
ofoc <aninoadipic acid in the dried liver.

Because the lysine activity of the liver basic amino acid fraction

does not account for all activity present, the amino acid arginine is being

examined for possible activity. It is known that the adult dogz can elaboe

rate enough arginine from unknown precursors to maintain itself in nitrogen

balance without dietary arginine. The possibility that the lysine carbon

chain may serve as an arginine precursor is therefors worthy of consideration.

The ocourrence of activity in the moncamino monocarboxylic amino
acid fraction is surprising, but the possibility of oxidative splitting of
the lysine carbon chain and conversion to short chain amino acids such as

alanine remains to bs ruled out,
Sumary
1, Glutamic and aspertic acids have been isolated from the iiver

RECLASSI ks
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suggest the possibility of conversion of-the lysine carbon chain to that

zp e pm by VLT

of a normal dog fad (f- cl4 jabeled iysins, and their activity laads to the
conclusion that iysine may serve as an immediate metabolic prsoursor of -
these aminoc acids.

2. Le-lyzine hae been isolated from the tissues of a narmal dog
fed GCN“ labeled lysine, and the total lysine activity does not acacunt for
the total activity of the corresponding basic amino acid fraction.

3. The monoamino monocarboxylic amino acid fraction of tissues

from a normal dog fed é c14 1abeled lysine contains enough activity to

of shorter chain amino acids such as alanins,

Problem Code: I.So.2 (Radicautography)

Section Code: 3220

Partition-Chromatograph of Lipids;

An apparatus has been constructed which permits the analysis of the

radioactivity of paper chromatograms.,
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PROGRAM H,.P.

HEALTH PHYSICS

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

Section Codes 3320

Investigation of Film Behavior: Preliminary Report on the Wavelength

Dependence of & Photo-Sensitive Emulsion in Terms of Densities Recorded

for Known Radiation Intensitiles:

Background: .Photographio emulsions afo being used as radiation in=
dicators in the form of popket meters, finger rings and wrist bands, Since
it appears that in general only suparf%oial knowledge is available p;r-
taining to the response of these emulsions to a variety of radiation wave-
lengths, it was deemed advisable to explore these responses in greater
detail,

Methods: In order to set a limit for a range of wavelengths moat
likely to oocour in practice, it was decided to start this range at x-ray
wavelengths produced by .05 MEV and to extend this range to radiation of
2,0 MEV xerays, This choice should cover the wavelengths range normally
found in common radio-isotopes. The available x-ray generating equipmont'
for this investigation consisted of (1) & .14 MEV generator, (2) a .25
MEV generator, and {3) a 1 MEV generator. (Provisions are now being made
to obtain the use of a .4 and 2 MEV generator,)

The proocedure consisted of manj controlled exposures of a single type
of x-ray film, comnonly employed in monitoring services., This limitatioﬁ
to a sinfle type of photographic emulsion was based on the reasoning that

all pilot experiments would provide better control over the basic discrep-
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thus renders the results univeraany a.ppiioableo

Expsrimental sxposures weras performed by two methods: (a.)» f‘iln
packets were exposed to individually calculated exposure geries arrangsd in
algebraic progréssion, and (b) single exposures through a ssnsitometer disc,
whioch permitted exposures of geomstric progresaion,

Development of all exposaﬁ emulsions wvas pefformd in a specially
designed lucite reock which pe'rmitted« uniform control during developmsnt by
mectanical agitation. With each series of films a sensitometric comtrol
strip was developed in order to correlate all development procesures.

The preliminary findings ha;ve been plotted in Figure 1 (Fage 100)
and can be intorpretod as followss

(1) That the redistion intensities as msasured by the ionization
chamber result in £ilm densities varying with wavelength nnngo

(2) That these variations cannot be simply correlated with similer
changes indicated by ionization chamber msasuremsnts. |

The film response curve is plotted in Figure 1 for a constant dene
sity‘ of 2,0 in terms of correction factors versus x-ray spsotra produced ‘b):A
exciting potentials from 50 to 260 KEV. These correction ﬁ.étors are obe
tained by relating all exposures to the minimum exposure at a certain wave=
length range, which produces a film density of 2.0, Although wvalues were
obtained for 1.0 MEV x=rays, they have not been plotted on the graph si;noo
1o intermediate values are available at this time. The same scale of COrrece
tion faotors is also employed for the ioni:ation chamber response end merely
indicates the essential differences in trend of the two radiation recording
methods. It can be seen that for the specific film used in this preliminary

study, maximum density appears at a radiation wavelength rangs of 150 KEV

WSificy
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x-rays, and that the sensitivity of this film decreases apparently steadily
as the radiation wavelengths are decreased., Determinatlion of this maximum
end investigation of the probable slops of the response oconstitutes one of
the purposes of this study,

Since all of the preliminary work had to be dons with x-radiation,
it appeared that an interesting survey could be made parallei with the
original experiments. This survey was extended to the Department of Radiology
(Bbdical School ) as a monitoring service for persomnel operating X=ray gene
erators. Film paokets were distributed to this personnel for the detection
of radiation quantities received during weekly operations., Equipped with
two copper filters 0,12 and Oo24vmmo thick, three areas of difrorenf den~
sities become available for interpretation and consequent translation into
radiation quantities received by the wearer. The following method is em=
Ployed for the correlation of these densities with standerds, These ltaq-'-
dards are obtained by exposing films to known intensities and wavelengths
rangos,lthereaftor plotting the developed densities against log exposure,
In Figure 2 (Pags 105) is shown a set of curves for illustration. Curves
A, A', and A" show a ;eries of densities obtainsd by'ezposing the above
named film to x-radiation excited by 100 KEV, Densities of curve A are
those measured on the portion of the filmjwhich received the direct radia- -
tion, and densities of curves A' and A" are those measured on the film under -
the .12 and .24 mmo Cu, filters respectively. The curves marked B, BY, and
B" were obtained by an exposure to 200 KEV x-radiation, and their felativo
positionx again show direct exposure and filtered ;xposures through the same

copper filters as above.

Application of these curves is 1llustrated as followsy
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Case 1, Film densities as msasured on a monitoring badge may have
values of 1,42, 0085, and 00,66, From Figure 2 it is seen that these- points
can be connected by a line "x" with zere slope. This means that the radis-

tion received by the badge must have been similar to that which was used

. for the standard curves A, A", and A", namely, 100 KEV,

Case 2, Film densities measured 6n another monitoring badge may
reveal values of 1,42, 1,16, and 1,03, | These values would be found to lie
on a conneoting line "y" on a 100 KEV x;ray standard. However, this lins,
presenting a slope of approximately one, cannot be interpreted in tonfu of
e single log E walue, stating a specific single exposure wvalue as was

feasible in Case No. lo It, therefore, becomes necessary to fit these den-

- 8ity values to another set of standards until a match with standard den-

sities has been achieved. For illustration purposes this was done by adde
ing curves B, B', and B" o.n the same figure. These curves reprosent oon;li-
tions for xe-radiation produced by accelerating volteges of 200 XEV., In
this example a reasonable fit of densities is possible as shown by the
broken line with zero slops. ‘The points of interseotion of this line with
curves B, B', and B™ originate from a movement of similar density points on
line "y" and curves A, A%, and A" parallel to the abscissao Identification
of the radlation wavelength range of 200 KEV x-rays has been acoomplished
and a qualitative as well as quantitative interpretation results,

The method has been in effect for some time and is being investigated

further for its merits as well as its faults, A simple slide rule ocomputer

‘is in the process of design and this should reduce tims of interpretation

considerably.

This preliminary report has been rendered purposely with a minimum
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of data concerning complications and procedures, since many more faotors

mist be investigated prior to any final report,




FROGRAM C.oSe

SPECIAL CLINICAL SERVICE

Problem Code: none

Seotion Code: 3312

Introduction: Three additiopal patients with chronie pulmonary .

granulometosis of beryllium workers were studied in the Metabolism Ward
during the past three-month pericd., It 1is of interest that esach of these
three patients represents a single stage in thevdiseaue, Case #1 shows
findings compatibla with relatively ecarly involvement, while Case #2 illus-
trates moderatsly advanced pathology, and Case #3 advencsd involvement,
Complete summaries of the oase hiastories of these individunie ars given,
tqgothsr with complete results of all lnborafory findings, xerays, ;eapirna
tory changes, and nitrogen btalance studiea on a carefully oontrolled diet.
It is of interest that these individuals showed evidence of not only pule
morary invelvement but degrees of iiver and kidney involvement as well.

The significance of these findings, together with the new observations of

impairad ' nitrogen absorption ars discussed in considerable dstailc

CASE {11

Clinical History; This 46=year old patient wds in excellent health

until August, 1946, At that tims, while on vacation in the mounteins of
Oregon, she developed a persistent tickling sensation in her throat and a
hacking cough. Becauss her symptoms persisted, she finnily went to her
family doctor in March, 1947, who felt that she had mild sinusitis, In

June, 1947 she returnad to her homs in lorain, Chio, and shortly thersafter
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bocame awere of dyspnea on exartion. In October, 1947 she was told that
nsr chest x-ray was "cloudy” and that it might be due to baryliium poiscn-
ing., Patisent was referred here for study of this possibility. The cough
was present particularly in the morning and at night and was pro=
ductive af about 1 tablespoonful of musoid sputum each day. The dyspnes,
the patient feels, has been progressive end that even the mildest exertion,
suoh as dusting a room, causes shortness of breath. There has never been
any dyspnean atvrest, no orthopnea, no paroxysmal nooturnal dyspnea. Thsre
have been no associated symptoms, no weight loss, anorexia, chills or fever
or cardiaoc symptoms.

Pertinent to hsr prosent illnees is her oocupational history. In
1944 she was employed at a job amalyzing beryllium powder. She worked ;t
this for three months and stopped because of the development of a rash on
her arms, She has had no other exposures to beryllium, and the onset of
her symptoms ococurred while she was on vuoétion in the west,

Past Historys Non-contributory,

Physical Examination: Blood pressure 120/80. P 80, R 20. Patient

was a well-developed and well=nourished 46-year old white fomale who
appoared nalthsr chronically nor acutely ill, Occasional hicking cough was
observed; no respiratory distress. No cyanosis or clubbing. Egggz normal.
Eyes: negative. Ears: negative. ’‘harynx: clear. Neck: thyroid not
enlarged, no venous engorgemont., Lymph rodes: small discrate bilateral
axillary nodes, lseart: LBECD 8 cm, from LSL in 5th interspace. Rhythm
regular, aounds of good quality, no murmure. Py is greater than A2. Lungs:
expangsion good. Percussion note normali. There were scattered rhonchi in

the right cheat posterioriy, otherwise lungs were clear. Abdomen: no

3. 9] R r’ '—‘ ’
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brocavoiricl

cergans felt. Extremities: nesgstive. Palvie: retroversion uterus.

Recta)l. negative,

Admission laboratory Data:

Blood Ceount:
RBC 6,78 M.
Hgb. 3:1 -8 gms.
WBC 4,500
Differential normal,
Flatelets adequate.

Urinalysis: nsgative
Blood Chemistry:

Total proteins 6.5 gmass
Albumin 4.1

Globulin 2.4

Blood urea nitrogen 19.8 mg.%
CO2 55,5 volumes %

Chloride 101 meq.

Calcium 10.0 mgo%

Phosphorus 3.9 mg.%

Cephalin floocﬁlation negative
Total bilirubin 6.8 mgd%

Glucose Tolerance Tost:after 50 gm. glucose, p.o.

Fasting 42,5 mg.%
% hour 118 mg.%
1 hour 149 mg.%

2 hours 88 mg.%
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3 hours 78 mg.%
4 hours 76 mg.%

Insulin Tolerance Test;after .1 of a unit of insulin per kgo

of body weight, i.v.:

Fasting 90 mg.%

20 minutes 21.6 mg.%
30 minutes 30.2 mg.%
46 minutes 34 mg.%
60 minutea 47 mg.%
90 minutes 70 mg.%
120 minutes 68 mg.%

Continuation of Insulin Tolerance Testiafter 0,5 cc., of 1:1000

solution of adrenalin hydrochlorids:

30 minutes 53 mg.%
60 minutes 94.56 mg.%

Vitamin A Absorptionafter 7000 I,V. ester Vitamin A per kg.

body weights
Basal 9 Evelyn units (normal about 15-40)
4% hours 309 (normal 250)

7 hours 366 (normal 140)

"BSP test after 46 minutes negative (5 mg. of dye per kg.)

Urobilinogen .39 and .32 Erlioch units per 2 hours
Urea Clearance 105% of normal
PSP test 35% exoretion in 15 minutes

Electrophoresis report:

Total proteins 693
Albumin 3.3

Normal values of globulin constituents
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Beryllium Analyses (Urins)

Case #1
Sample Dats Volume Used Be Concentration
4/23-4/24/48 200 ml, " 0.00 pg/liter
4/25-4,/28 " 0,03
4/27-4/28 " 0,00
4/29-4/30 " 0,03
5/1-5/2 " | 8000
5/3<5/4 " 0,00
5/5-5/6 " 0,00
5/6-5/7 " 0,00
5/8-5/9 n 0,00
5/10-=5/11 n | 0,03
5/12-5/13 " 0,06
5/14-6/15 "
5/16=5/17 pooled 600 ml. 0,00
5/18<5/19
5/20-5/21 200 ml, 0,02
5/22-5/23 " 0,06
5/24+5 /25 " 0,04
5/26=5/27 " 0,00
5/23-5/29 " 0400
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Respiratory Studies

The maximum breathing capecity was normal, The total pulmonary capa-
oity was slightly reduced, and the vital capecity vas only two-thirds of
predicted yalus., Bronchospirometry revealed normal proportions of ventila-
tion between the two lungs, yet the right lung was responsible for 67 per
cent of the total oxygen uptake. The electrocardiogram was normal. Whereas
the arm to lung circulation times was prolonged to 10 seconds, the arm %to
mouth circulation time and wenous pressure were normaio By oardiac cathe-
terization the right ventrioular systolic pressurs was fluotuating above
the normal range durimg rest, and inoreased to the hypsrtensive range during
moderate exercises with the legs. The cardimc output was normal, The.gf-
terial oxygen saturation was reduc?d to 85 per cent and the poz to 76,
Pulmonary efficiency in relation to work was below normal, yet patient
was able to perform grade walking as high as 10 per cent incline for 5
minutes at the cost of moderats dyspmea and greatly increased oxygen debt.

In addition to impaired diffusion of oxygen permitting hypéxemiaj
this patient presented svidence of early cor pulmonale, She did not exhibit

as marked compensatory hyperventilation as other patients, however,

Matabolic Studies

KRitrogen balance studies were also carried out on this patient for
approximately one month and the results are as reported on this page and

the following rage.

Nitrqggn Balanoce

Pariod* Diet Urine Stoel Balence Body Weight
2 14.57 11,02 1,40 +2.15 57.68
14,57 13,45
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Period”

Diet

(%]

14,57
14,57
14,57

14,57

14,57
14,57
14,57
14,57
14,57

14,57

14057
14,57
14,57
14,57
14,57

14,57

16.16
16,16
16,16
16.18
16,16
16.16

18,18

Orine

11.06
10,80
10.48

10613

13,5

12.85
i2.98
13,13
12,38

13,18

14,0

9.82

12.82
13.67
12043

12,23

[
(2
~3
(43}

Nitrogen Balance (cont,)

Balance

Stool
1.40 + 2,11
1,40 + 2,37
1.40 + 3,04
1,40 + 2,69
+12.08
1,40 - .33
1,40 + .32
1,40 + .19
1.40 - .01
1.40 T .79
1,40 -~ L0}
+ 95
1,40 — .30
1,40 - .23
1,40 —1,57
1,40 + 025
1,40 - .83
1040 + 3,35
+ 67
1,64 + 1,70
1,64 + .85
1.64 T 1,09
1.64 + 1,29
1.64 + .83
1.64 + 1.14
W77

Body Weight

68,21

57:14

57.%2
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Nitrogen Balance (cont,)

Period” Diet Urine Stool Balance Body Weight
16,16 12,76 1.64 + T8
16,168 12,76 1,64 + 1,76
+4- 9,88 58

“Leriod 1 is not reported inasmuch as during this time the subject was
epproaching nitrogen balencs on a control dist and had not reached a con-

atant metabolic stats,

Interpretation: This patient had not lost weight, was not poorly

nourished at the start of the mstabolic study, She remainsd in approximate
nitrogen equilibrium throughout experimentel rsricd. It was noted that the
stool nitrogen was not excessively high. This 1s considerad = normal re-

sponge from the point of view of nitrogen balence,

CASE #2:

Clinical History; FPatient®’s gonsral health was excellent until

Dacember, 1942, Cae month previously he had taken a job as a sifter of
powder used for fluorescent lights, The aztmosphere that the patient worked
in was dusty and he was required to wear o mask a greater part of the tims
while at work, However, at Christmas time in 1942, while 'salking up a
slight incline, h® hed sudden onset of dyspnea and cough. Although these
synptomsa continuad'during the next two months, he gradually improved and
returned to work msymptomatic at the end of threse months.

from iarch, 1942 to ¥arch, 1945, the patient worked at grinding
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tungsten with only minimal-oxp;;ura to dust. In Karch, 1945 ﬁe began te
have daily chills and fever up to 105%F, shortnsss of breath, and severe
coughing spells and he was sent to Trudeau Sanitorium at this times where
the abovemsntioned symptoms continusd. Be began to nots a genorilized

mlaise, anorexia and weight loss, The dyspnea was variable in its in-

" tensity, ooccurring, at times, on the slightest exertion, FParoxysmal dys-
pnea was also noted and the patient was finally forced to sleep on two
pillows at night. The paroxysms of coughing occurred mainly in the morning
and et night, The cough was productive of about 1 cupful of watery sputum
aevery day which was occasionally blood-streaked, Acoording to the patient
the chills and fever ocourred deily for lé-yearso Finally in Ootober, 1946
the patient left Trudeau, having lost 39 pounds; and feeling that his res-
piratory symptoms were only slightly improved, ‘

He has been under the care of his family doctor since October, 1946
and has been treated with necarsphenamins, once weekly. He has not been

® fevrile since then end feels that he has been abls to tolerate more exertion
under this treatment., He has, however, regained only about 7 pounds, during
the past year and a half, In addition to the above symptoms, the patient
has also noted during the present illness: (1) Frequent muscle oramps in
the legs and feet; (2) Frontal throbbing headaches, especially after exer-

tion; (3) Occasional attacks of hunger, sweating and tremor, occurring late

in the morning.

Past History and Illnesses; Non=ocontributory.

Physical Examinations Blood pressure 105/70, P 92, R 24. A wella
developed but poorly nourished white male who appeared chronieally i1l and

showed evidence of recent weight loss. At rest, theres was apparently no

130109
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respiratory distress, though sccessory musoles were used. No jeundioe,

UMild cymnosis and clubbing of fingsrs. Iead and Eyes: mnsgative. Taeoths

good, Fharynx: clear. Neck: Thyroid not felt, no yenous engcrgemsnt.
Lymph nodo‘s: ons 1 cme node in the left axilla, soft, mor-tender. Ko
other glandular enlargemsnt, Lungsg expansion limited bilaterally, about
2 em, movemsnt at bases on deep inspiration, Resomance normal, Vet rales
are present throughout left lung posteriorly, few in right mid-lung i‘iel@ -
do not disappear after cough. Heart: not enlarged to percussion. Rhythm
regular. Rate 92, Sounds rather distant, good quality. P2 accentuated.
Abdomen; negative, Extremitiess good pulsations, maculer rash on calves

of legs. Reotalg prostate firm, slightly enlarged.,

laboratory ata:

Wagsermann; negative
Blood Count;
RBC 5.5 U
Hgbo, 1805
WBC 6,250
Hoto, 42
Differential normal
Urinalysic: negative exocspt for a trace of a.bumin

Blocd Chemistrys

Total proteins 6.9 gm.%
Albumin 5.0 ol
Globulin 1.9 gm.%

Blood urea nitrogen 27.2 mg.%
Total bilirubin .53 mg.%

‘ ' ‘ e
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COg 53,6 vol‘.o%
Chloride 589 mg.%

Caloium 10,2 mg.%

Cephalin flocculation negative
Thymol turbidity 39

Glucose Tolerance Testiafter 50 gm, glucose, pP,0.

Fasting 66 mgo%
L hour 115 mg.%
1 hour 110 mg.%
2 hours 70 mg.%
3 hours 45 mg.%
4 hours 57 mg.%

Insulin tolerance after .1 of a unit of insulin per kg, of body

waight, i.v.s

Fasting 66 mg.%

20 minutes 41 mg.%
30 minutes 27 mg.%
45 minutes 45 mg.%
60 minutes 63 mg.%
90 minutes 66 mg.%
120 minutes 70 mg.%

Continuation of Insulin tolerance after .5 écg of 131000 solution

of adrenalin hydrochloride:

45 minutes 85 mg.is
60 minutes 66 mg.%

BSP test after 5 mg, of dye por kgos

15 minutes 1007% retention

60 minutes 60% retention
N I R yrR 00750
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Semple Date

4/8-4/9/48
4/10-4/11
4/12-4/13
4/13~1/14
4/14-4/15
4/164/17
4/18-4/19

4/20-4/21

~

116,

Vitamin A abaorpﬁion aftor 7000 1.V, ester Vitamin A por kg,

body waight:
Pasting 57 (normal 16-40)
4% hours 299 (normal about 250)
7 hours 530 (normal about 140)

Eleotrophorsals Report.

Albumin slightly diminished (3.46 gm.%)c Alpha 2 sliightly
aleavatad.,

TUrea Clearancs:

74% of normal and 85% of norml.

Urobilinogen in the urine:

0368 Erlich units and ,188 Erlich units in 2 hours (24 P.M,)
Chloride excretion test showed a normal responie o238 gm.
chloride, as sodium chloride per 100 mls, duriag the last four /..

hours of thas test,

Beryllium Analyses

Case #2
Volume Used 36 Concentration -~
200 ml. - pefliter -
n —— e
hid [T
" 0.00
n- —
n 0,00
" 0.06
" 0,00
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Beryllium Amlyses (cont. )

Case #2

Sample Date Volume Used Be Concentration
4/22-4/23 , 200 ml. 0008
4/24-4/25 » ' 0,00
4/26-4/217 | - - 0602
4/28-4/29 " | 0.03
4/30-5/1 " 0,00
5/2-5/3 " 0,00
5/4-5/5 . ' " 0,02
5/10-5/11 " "0,50
5/12-5/13 " 0005
Date Record Lost " 0020

» L) " ' L] 0004

.o » " 0,03

. " 600 ml, 0,18

(3 samples pooled)

The samples for which the date was lost belong in the peried ¢/8 to
4/15/48 .
Samples for which no Be was detected may have a concentration of Be

less than 0,01 miorograms per liter.

Respiratory Studies

Although the maximum breath-holding time was but 10 seconds, the
maximum breathing capacity was 73 per cent of the predictéd valus, The

total pulmonary lung voluma was reduced to almost one<half and the vital

ECLASSIFics
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ocapacity to 39 psr cent of ﬁhe expooted valus. Bronchospiromstry was not
dons., In addition to simus tachycardia, the elsctrosardiogram revealed
right axis deviation end peaking of the P waves in lead 2. Ths venous
ressure was increased to 13.5 cm., and the arm to lung circulation time
was prolonged to 11 seconds, although the arm to mouth tims was within
normal limits. Cardisc oatheterization showsd a moderate increase in right
awricular pressure and a marked increase in right auricular pressurs and a
marked inorease in right ventricular pressure compatible with pulmonary
hypsrtension, The cardiao output was abnormaily low. The arterial oxygen
gaturation was diminished to 82 psr cent with & pO2 of 50 mn, Breathing |
oxygen inoreased these valuss to S5 per cent and ii4 mm, Pulmoﬁnry offi-
ciency in reluticn‘to work was markedly impaired, and the maximum incline
of grade walking tolerated was 6 per ocent., The cxygen debt was abnormally
high indicative of oiroulatory inadequacy. During the pericd of metabolie
study, the possible anabolic effeots of testosterons propionate on nitro-
gen balence were investigated. Patlient retained sodium and water, gained
weight, exhibited edema tcgsther with more severes respiratory distress in-
cluding dyspnea and orthopnea.

For a week after withdrawal of this medication, symptoms continued,
and cardisc catheterizaticn was repeated. The findings were compatible
with congestive heart failure, and the initial effects of intravenous
digoxin therapy indicated "digitalis effects"™ in the electrccardiogram,
The stroke volums and pulas pressure of the right ventriscle promptly ime
proved, but symptoms and signs of pulmonary edema developed becauss of the
abnormal pulmonary resistance to greater blood flow, Fhlebotomy promptly

elleviated the distress as well as the nsed for supplemsntal oxygen therapy.
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Pationt subsequently diuresed’ and lost axcess weighj Ly; tha noxt 24-
hour period.

This petient not only exhibited marked impairment of pulmorary dif-
fusion of ¢xygen, but reduced lung perenchyme., In addition to well-estab-
1ished cor pulmonale, he developed congestive heart fe.ilure during a trial
of testostarons propiomate therapy and responded to intravenous digoxin

beyond the capacity of his lungs to accommodate the increased flow of blood.

Metabolio Studies

Oﬁmr than the procedures listed above, inoluding pulmonary and
cardiac studiea, metsbolism atudiés were ocarried out,

The patient was placed on a diet containing 15058 gms. of nitrogen
a day with 2200 calories. Nitrogen balance studies wsre done during a cone
trol period of 6 days followed by 12 days when testosterone proplonats was
administered (25 mg. qode, iomo) and a final control period of 6 days. The

nitrogen balance and weight changes during this time are as found below,

Nitrogan Balanoce

y Body Testosteroms
Period*  Diet Urine Stool Balance  Weizht Propiomate
mgo
3 15,28° 11,26 1,91 4 2,11 52037 0
15,28 12,76 1,91 + 62 0
15,28 13020 1.91 + .17 0
15,28 12,0 1,91 + 1,37 0
16.28 12,46 1,91 + 97 0
15,28 12,50 1,91 + .47 0
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Period* Diet

4 15,28
15,28
15.28
15,28
16,28

15,28

b 15,28
16.28
15.28
.15028
16,28

15,28

6 13,98
13,98
13,98
16,28
18,98

13.98

— =

Nitrogen Balaﬁso; o

fikd

Téitoatorona

Body
Urins Stool Balanoe Weight Propionate
. T
11,80 1,91 + 1.57 52,08 25
11:16 1.8 + 2,21 25
12,03 1;91 + 1.34 26
10,96 1.91 + 2,41 25
11,18 1,91 4 2019 25
10,35 1.91 I T;'f'g% 26
10,73 1,51 4+ 2064 635,69 2
12502 1,91 + 1,36 26
11,94 .91  + 1.43 26
10.48 1.91 + 2,89 26
11,5 1.91 + 1.87 26
12,1 1,91+ 1,27 26
+ 11,45
10,45 1,91 + 1.62 54,84 o .
10,25 1,91 + 1.82 0
9,83 1,91 + 2022 0o
12,39 1,91 + .98 )
" 10095 1,91 + 1012 0
10,27 1,91 + 1,80 "0
. 4,'5255

®Pariods 1 and 2 are not reported inmsmuch as during this time the subjeot
was approaching nitfogen balance on & control diet and had not reached a

oonstant metabolio atate.

AECLASSIFIEY
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The results of these stud

iemit
follows: The patient seemed unabls to store nitrogen satisfactorily on an
ordinarily adequate protsin and caloric intaks., The response to testo-
storons from ths po:_Lnt of view of nitrogen storage was minimal, even less
than a normal person, However, weight gain was striking and undoubtedly
secondary to the storapge of electrolytes; The questior has arisen as to
whether this patisnt was umbie to utilize testostsrone propionate because
of liver disease., If s?:a this is of unusual interest tecauss the effect
on the elestrolyte retention was normal. For some reamson this patient waa
unable to store nitrogen or significantly build up his protein stores even
under the pmrfull anabolic stimulus of testosterone propionates

The stool nitrogen was high, averaging 1.91 gms, a day., For this

reason fat analyses wers done on the stoocl which foll within the normal

limits,

CASE 3.

Clinical History: This 35=year old male patient wis in good health

until ihrch, 1945, when he noted pradual onset of shortnecss of breath on
exertion, Shortly thereafter he began to be irritable and somewhat emo=-
tionally unatable, In July, 1945, in addition to the above symptoms, hs
began to lose weight and loet about 40 pounds in 6 wseks, In August, 1945,
he developed a hecking cough, Becauss of these symptoms he stopped working
and sought the help of his family ph;vsiciana He belisved that abnorml
markings were found in his x=ray at that time.

During the pext Z ysars the patisnt was almost completoly incapaci-

tated by his dyspnea and paroxysms of coughing., FHe was unable to sleep
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exoept in the upright position. Heoarspheramine was givon without benmefit.

In July, 1947, penicillin and streptomycin were given by inhala-
tion, His cough becams productive and following this the symptoms of psre
sistent pressure on his chest coased and for the first time he noted im-
vrovement of his dyspnea and cough. Howsver, by this time he had begun to
use oxygen quits constantly, Although he believed that e has hed some
relief with each subsequent inhaletion therapy of psnicillin and strepto-
mycinq he is néwb for the most part, bedriddsn and completely dspendent
on oxygen, The patient states that he has had mild depsndent odema at
times during the past year and that olubbing of the fingers has besn marked
during the past 2 years. There is no history of chills and fever. There
has bsen no loss of appetite evan though the weight loss has been markaaol

For the past 2 years patieﬁt has been passing numerous Lidney atones.
"I countsd up to 50 and stopped," The stones are white or light browm and
oxtremely hard, Xeroys are reported to haeve zhown stones on both sides, |

From the poini of viow of oecupatlonal history, pationt wes a fore=
man in chargs of firing beryllium from 1939 to 1942, fha atmosphere was
nof dusty, However, a pungent odor was given off from ths furnace during‘
the firing procedure which the patient was aware of, In 1942, he was
transforred, where ns was plant engineer and has had littie exposure to
either beryllium dust or fumes since that time,

Past History: Nonecontributory,

Physical Examination: Blood pressure 106/60. P 100, R 24. A thin,

emaciated white mals who appears chronically 111, Some dyspnea at reat.
When oxygen was taken away from the patient he became emotionally upset,

oyanotic and gasped for breath. Marked clubbing of fingers and toes,
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Head: oyes and ears negati'va; Throat: small tonsils, not injected.
Neck: slight venous engorgement, thyroid not felt. Lymph nodess there is
general glandular enlargement, nodes up to 1% om., discretse, nonatender;
Chest: samewhat barrel-shaped and asyrmetrical, left chest being more
preminent posteriorly. lLungs: expansion limited. Resomant %throughout,
Expiration was prolonged and occasionally expiratory wheezes were heard.
Moist rales which did not disappear with cough were present over lower
half of rigixt chest, _Bgtﬁ:_e not enlarged to peroussion, ﬁSRo First
sound split at apex. Soft systolio murmur at apex. Pz wms gi’ee.ter than
Az, Abdomen; soaphoid. Liver and spleen not felt. Right kidney palpable,
probably slightly onhrgo;l, tender, Extremitiss; negative except for .the

clubbing, no edema, Rectals prostate tendsr, not enlarged.

Admission Laboratory Data:

Blood Count:
RBC 3.42 ¥,
Hgb, 11,5 pgas,
WBC 15,250
Hot., 38,1
Platelets adequate
Urinalysiss .
Specific Gravity 1,008
Albunmin 24
Microsoopic loaded wifh red blood ocells and ‘white blood cells.
Wassermann: negative

Blood Chemistrys -

Total proteins 6.9 pgms.%

¢
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Globulin 3,7 gmso%

Blood Ures. Nitrogen 16.6 mg.%
.C0p 77 volumes?

Chloride 88 meq,

Calcium 9.6 mgo%

Phospherous 2.6 mg.%
Cephalin i‘looouh.tion 2+
Thymol turbidity 53

Bilirubin total 174 mg.%

Glucose tolerance test after 50 gm., glucese, p.o.s

Pasting 46 mgo%
3 hour 115 mgo%
1 hour 130 mg.%
2 hours 108 mgo%
3 hours 93 mg.%

Insulin tolerance test after .1 of a unit of insulin per kg.
of body weight, i1.voi

Fasting 64 mgo%

20 minutes 57 mg.%
30 minutes 42 mg.%
46 minutes 42 mg.%
60 mirutes 57 mgo%
90 minutes 50 mg.%
120 minuteas 64 ng.%

Continuation of insulin tolerance after .5 co., of ;1000 solution
of adrenalin hydrochlorideg
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45 minutes 71 mg.%
60 ninutes 64 mg.%

Vitamin A absorption after 7000 IoVo ester Vitamin A per kgo

‘bedy weight;
Fasting 37 Evelyn Units 37 (normal 15-40)
4% hours 432 (normal about 250)
7 hours 312 (normal about 140)

BSP test after 5 mgo. of dye por kg.s-

15 minutes 40% retention

45 minutes 20% retention

PSP Test:

Less than 6% in 15 minutss
§6% in 2 hours

Cutler Wilder Test;

0998 gms. chloride as sodium chloride in 100 ml,

Eleotrophoresia reporf 8

Albunin 2.7%
ol 0047
A2 1,01

P 107

# 1.07

¥ 1034

Interpretation: MIittern very abnormal. - 1s the only

constituent in norml concentration. Albunin is mare-
kedly diminished.cf 2, B, §, ¥ are increased, especially
thg last two,
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X-rays; Other than those inoluded in the cardio pul-

monary u:t:udioa wore KUB, 1.V, Pyslogram and x-rays of the _

long bones, KUB and I.V., Pyslogram showsd many calcifie

densities in the region of both kidneys,

Apparently each

group of calyces has one or more stones in its wvicinity,

X-rays of the 'long bones showed no decaloificatior,

Courss in Hospitals During the hospital stay, the patient was afe-

brile, but ran a persistent tachycardia in the meighborhood of 100 per

minute. Ee ‘Nquirod oontinuoue oxygen and his stymptoms of dyspnea and

cough remained quite oomhnt'throughout the period of investigation,

Beryllium Analyses

Cage #3
Sample Date ' Volume Used
5/8-6/9/48 200 ml,
5/10-5/11 . ' "
5/12-513 , n
5/14-5/15)
5/16=5/17 pooled 600 ml,
5/18<5/19
5/20-5/21 200 ml.
5/22-5/23 »
6/24<56/26 "
s/zses/z'}
5/28<5/29 pooled 600 ml,
5/30=5/31

Bo Consentration

0,00 pg/liter
0,02

0,00
0,025

0,00

0,00

" 0,02

0.020
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Respiratory Studies

The maximum breathing capacity was greatly reduced {o 15 per cent
of the predicte-d valus, Breath-holding time wvaried batween 5 and 17
seconds, The alveolar pragsure - veiooity i'elationahips,were borderiins
normal, The total pulmonary lupg volume was reduced to one<half the pre-
dicted vaiueP and the vital capacity to 40 per cent. Bronchospirometry
was not attempted., The eleetrooardiogramichowod right axis deviation and
right heart strain with inversion of T waves in leads 2 and 3 '(ihile taking
digitalis), The circulation times were normal, but the peripheral vencus
preasure, despite pgross venous distension, was repeatedly observed to wery
between minus 1 and 2 ¢ rater, The systemic blood pressure was low,
Cardiac catheterization showed ths right auriscular and ventricular pressures

- _above normal, and there was definitély pulmonary hypsrtension. ithile

breathing oxygen ths cardiac output was normml, and the erterial oxygen
saturation was 89 pér cent with a pOp of 95 mm. Removal of the supplemental
oxygen promptly lowered the saturation within seoconds, and the pO, fell to
46 mm, while breathing room air. Becauss of this pﬁtient’u warked respira-
fory disability, no studies of exercise tolerance occuld bs doms, |

For investigational purposes, the patient was oathetarizéd a second
time and the initial effeotas of oirtochrome C injected intravenously were
observed, Tho changes indicative of greater tissus utilization of oxygen
claimed by Proger et el, and denied by various other investigators, were
not obsemdo‘

This patient presentsd the most severe respiratory impairment of any
patients in this group that have been studied to date., Because of the

warked impairment of oxygen diffusion resulting in severs arterial snoxemia,
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evidence of pulmonary hypertension s&nd cor pulmonsle, there i1s no svidenos
of congsative heart fallure and the withdrawal of digitalis as well as the
.hber adminigtration of digoxin wers found to make no significant differ-
ence,

Hs was placed on a diet containing 2900 oaloriesz and 8,3 gms. of
nitregen. The nitrogen balance during 12 days on this diet is reported
below and on the following page. Following this, the pa.tient oomplained
of peraistent hunger and his diet was' inoreuad to 33500 calories and oon-
tained 19,3 gms, otf nitrogen per day, The balance during ths following
12 days is also tabulated.

'H:!.trogon Balance

. Urine Body
Period Diet Uries Stool Balanoce Chloride Reight
1 18,3 13,65 2038 4 2031 51,89
18,3 14,83 234 + 1,13
18,8 14.2 2.3+ 1,76
18,3 15,39 2,38 + 2,57
18,3 13,9 2.3¢ + 2,06
1B,3 14,78 2.8¢  + 1,18
+I1.01
2 18,3 14.6 2,38+ 1,36 7,23 51,68
18,3 14,80 2,34 + 116 7,78
18,3 14,63 2,34 + 1.23 5020
18,8 16,63 2,38+ 43 6.90
18,5 16,18 2,54 = .22 6090
18.3 14,14 2.36  + 1,82 7,40
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Nitrogen Balance {cont.)
oo Urine Eody
.Period Diest Urine Stool Balance Chloride veight
3 19,3 1401 2034 4 2.86 907 " 53027
19,3 14042 2,34 4 2,54 7.8
19,3 14052 2.34 4 2044 8.9
19,3 14.38 2,34  + 2.58 9.9
19,3 16,28 2,34+ 68 106 .
19,3 16,13 2,34 + 83 9.8
L ' ""m 3605
4 1903 1406 2,34 1 2,36 11620 54026
19,3 1549 2,34+ 1,08 11.62 |
19,3 14488 2,3& 4 2,08 860
19,3 13.8 234  + 3,16  8.50
19,3 13037 2,34  + 3,59 9020
19,8 13044 2,54  + 3.52 . 980

Interpretations; The results show that this patient gained some

weight during the 24=day experimental period, (about 2.2 kgo), and that he
stored approximatsly 24 gms. of nitrogen during this time. However, it was
felt that his response was probably not as great as that of other patients,
similarly malnourished end on equivnlent dietary intake, In the study of
such cases as much as 3-4 gms. of nitrogen have been stored per day. The
irregularity of the weight gain in this case, we believe, was due to the
ochanges .{n the water and electrolyte contént of the body. Also to be noted
in this patient is the excessively high stool nitrogen averaging 2.34 gnm.
of nitrogen daily in the stool.

s
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Summary: Three additional patients showing sighs of chronic pul-
mopary granulomatosis of beryllium workers have been studied, Significent
data as determined from detailed case histories, clinical and laboratory

= examinations are given; positive results gained from thorough study of
respiratory physiology ere given; collected date from the study of the
3 nitrogen metabolism on controlied dietarj regime are included.-

Significant findings in the above studies ean be listed as follows:

1. All of the patients studied showed olinical and radiological
evidence of the presence of the disease.

2. Only the advanced case showed any evidence of hematologicel
abnormality in the presence of a secondary anemia.

3. The moderately advanced and advanced cases showed evidence of
funétional liver abnormality in the presence of abnormal bremsulphalein
retention, The Vitamin A absorption tests give presunptive evidence of
liver abnormality but the true significance of this test 1is &s yet un-
determined, Only in the advanced &ase (#3) were disturbences in the ale
bumineglobulin ratio, cephalin flocoﬁlation and thymol %urbidity noted.

4. Spectrographic determinations of 24shour urinc specimens showed
the intermittent detection of the substance in small amounts in all three

v patients, No conclusions can bs drawn from this observation at the pres-
ent time inasmuch as the frequency of the presence of berylilium in normal
urine has not been studied,
5. Summarization of the observed findings of respiretory nature
reveals: |
a. & reduction in maximm breathing capacity and total pul=

monary capacity in the moderatsly edvanced end advamnced cases.
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b, reduction vital oaspacity in all ocases,

c. electrocardiographic obaemtion of right axis devia-
tion in the presence of evidence of an elevated right ven-
tricular pressure and ;. cor pu}mmléo

do prolongation of the arm to lung circulation times in
ths presence of a normal arm to mouth circulation tixm.u_

o, & diminution of the arterial oxygen saturation to
82-85 per cent in the two Aaaea not requiring oxygen with
a pO, of 5075 mm. |

fo pulmonary oﬂ‘icienoy calouvleted in relation to work
(.for mothod see last quarterly‘report, Rochester Report Koo

TR=21) below normal in all cases.’

6. Mtrogen balance studies on two of the three patients (Cases
{£3) showed
a, 8 high feoal nitrogen, in the absence of diarrhea

without a 6orresponding increase in the excretion of fat

(determined only in Case #2)0

bo poor utilization of the nitrogen which is ebsorbed,
The mochanism of these two factors remains unknowm. Fao-
tor #1 could be due to poor sbsorption of protein or possie

bly to reexcretion of nitreogenous produots into the gute.

Be.oauso of what appears to be the normal response in Case #i, one

assumes that disturbance in nitrogen metabolism occurs only in well-

advanced cases. Howsver, it must be stressed that no definite conclusion

can be

drawn from three cases and it 4s recommended that nitrogen, sodium
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and chloride balance be carried out on several more patients. Probably
calcium and phosphorous balances should also be done on at least one

patient to help substantiate the poor utilization of food protein for
building body tissue, |
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