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INTRODUCTION 

University of Rochester x$onia Energy Erojec.2 CD net etr;aapt tc dsscribs 

progese h all of  the resecrch ,nrogrczs but oa?.:r in those ir: :?doh 89~23 

signifiaant results hem been aohievsd,; 
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EXPLANATION OF PROCW! AND PKOBLEM CODES 

The sc i ent i f io  work of The Univbreity of Rocheater A t o m i c ,  Ensrgy 

Project has been aoded at the program and probles ’ leveh,  The programsc 

in general, indicate broad fields o f  l n w s t i g ~ t i v e  or service a o t l v i t i e s  

while t h e  problem indicate  divis ions of these f i e l d s o  hlthocgh no can0 

s l s t e n t  mthod of d iv is ion in to  problem yohe ~ossible, an attac;rt t;~e ;rtzCs 

t o  achieve a natural division i n  the eeme the’c oaoh problen m u 1 1  e3corn- 

pass a subjeat n o m l l y  writken up and generally corsidered a& a unito 

The p m p n  on chemical toxia i ty  of &%PIlxa, f o r  ext.mpl6,, has been broken 

d m  into problems according ta the  divis ions comoaly smployed by toxi- 

Oologist8 o 

The problem oodes nre not related direcOk1;I to the ehi.nistr&tivG cr= 

g a n i u t l o n  of the Rojeat ,  Consequently, the sl2ullfe3t t d x h i s t r a t l v e  d e ,  

tlm aeatiou, may work on more than onrr af’ the =ode6 i;rcblemsc. Comeraely, 

mora than one seotion nmy work on tha same cod02 prcblemo 

tlrs organization wlll be Ignored i n  mc?iing this c ;~sr t sr ly  roper% of aur 

T’hs achdnist3.6- . 

the program and problm ooder;. The oontrlbution 0,” each section t o  a 

Quarterly Teohnical Repor% will be prefixed by the  seation nuinber, howemr,, 

to permit reference t o  t).a adnlniatrative orgcnitztion if neasamxryo 

It ha8 not been possible t o  cods ths problems suffioicntly broadly 

t o  aroid all overlapping, In cas66 kz which v. rlosla pert3 cf a given in- 

mrtigat ion might be codor2 differontiy, the w h k  Fork oca8 coded rcaording 

t o  i t a  principal subjset matter as h c g  as the d n o r  sub3eata were rob- 

timly uaimportant;. Ctheralm, fhe work orpo divi6ed under ap?ropriats aodesc 
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PROGRAM AND m(OBLE3I CODES 

r 

IO X,Rn B I O X D G I C A L  EFFECTS OF EXTERNAL RADIATION (X-FLAYS ANTI RAYS >- 
X o R o l  Toleranoe Studies (dose levalte s u r ~ i v o l  t h o  

grors and histo-pathology) 

X 0 R 0 2  

X.R03 

X.R,4 Hemtology 

X.R.5 h I l e t i 0 6  (histogenetics) 

L!aahanism o f  E f f e o b  ( p h y o i o l o g i a l  ecd bioahenical)  

Therapy (measurde against radistion ef2eatr. ) 

X.R.6 Embryology 

X,Re7 Bacteriology acd I x n m o I o ~  

111, R,M, BXOUGIGAL E F F E C T S  OF R A D I O A C T I F E  E , T Z R I A L 5  ( C 3 X T L C 2 ,  INXSTTOS, ETC,) 

B o l l o I  Polonim 

ReY02 PLdon 

RoM03 Tnoron 

RoMo4 Uaoellaneous R o j s c t  EeeCls 
I .. 

Iv, u. UBbLlm 

U,1 PnysIai21 and C h d c a l  Proprties 

U,2 

Do3 Torio ( n t ~ p i x n t o r y t  o r d j  &in$ eyej p.renterr1) 

U04 Pate ( d i s t r i h t i o n  and e x c s t i o n )  

Fbxic 3ffecta (description of aoub and chmuio b x i a i t y )  

e .  
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I v ~  U, 'URAUIW (conto) 

U,S Uechanim of Toxio Effects 

U,.6 bbthode of Deteatiorr of Ftiisoning, Prop!!ylsx:s, Trectmnt,  
a d  Proteation 

Vq B e ,  BERYLLIUM . 
Be.1 Physiosl and Chemiml &@pertierr 

Beo2 

B e J  

Be04 h t e  (dis tr ibut ion and exorstion) 

be.8 Lbohanirm of Toxio Effeot  

Toxio Effeots (dewription o!' aoute aIlO chrorio t O X i O i t y )  

Toxic L i m i t s  (rss2iratoryj oraly &in3 eye8 parentoral) 

Beo€ b t h o d s  o f  Debat ion of Poicociog, RopSyPaxis, Trootmnt,, 
and Protection) 

TI. T h o  TRORIUX 

Th,l Physical and C k t s x i o a l  Proportie6 

Th.2 

Th03 

The& h.ta (distribution end e x c r c t i x i )  

Th.5 Nacthanisp of Toric Effeot 

TL6 k t h o d s  of Rteot ion of Poisoning, Prophylaxis, Treatmenti 

Toxic E f f e u t a  (description of acute ar,d chronic toxicity) 

Toxic L i a i t s  (respiratory~ orErl; skin; 6 p ;  parenteral) 

and Proteation) 

FOE FfiyaiaZ and Chsn-otl Properties 

FEZ Toxio Effects (asmript ion of' Route and o i ror io  tozioity:] 

. UR 00643 



F05 Uechanism of Toxio Effeot  

Physiczl and C'namic-11 Pro!:x';ies 

Tcxio Effects (description of e.cute an6 c:?:*~.aL2 t O ; ; i c i . q r )  

Toxic Limits (respimtory;  or-1; s!:in; cy2 ; p z o n  %ral) 

Fate (d is tr ibut ion and e x w o 5 o n )  

Iktokmisrn of Toxic Xf'eot 

Methods of Lbtoctic3 of Po wxin;: ,  h.o,i.i:*ii;;;is, TxCculOOnt, 
and R o t e o t i o n  

I X o  I e S o  ISOTOPES 

IoSo'l Trsoer Chemistry 

1,s o2 Rediorrutcgraphy 

I OS 03 T h a r z ~  

X. O S .  O'JTSIDE SZ€?VIC"S 

XI, PoHe PROJECT P71LTE 
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DIVISION OF FLADIOLOGY AND BIOFHYSICS 

Seotion Code Ssotion - 
3110 1nseiument.ti on 

(3100) 8 

3120 

3130 

3133 

3134 

3140 

3160 

3160 

3161 

3170 

Tracer chemistry 

Radiation Riys iology 

Radiation Animalis 

Autoradiography 

Radiation Chemistry 

S pectroaoopy 

Radiation blleohanios 

Eleotron Yiaroaoope 

k d i a t i o n  Toxioo%ogy 

Leon Lo Miller 

Th-8 B o  NOOrZan 

%ones Bo Eoonan 

Th-8 B e  EW- 

Xurt Salomon 

Luville T, Steadman 

Francis pf, Bishop 

Eranois Wo Bishop 

Jo Newell S W d  

DTVISICN OF WMMACOLOGY ARI) TOXIXWGY i::200)~ S r o l d  Co Hodge 
Seotion Adminiakrtirs Head Seotion Code - 

3210 Induatrirl mgiene Harbert E, Stokinger 

3220 ~ O O h O m i 8 % ~  

3230 Ingestion Toxioity 

3250 Wthology 

3260 my3iology 

William Fo L- 

E l l i o t t  Maynard 

J O ~ S S  S o  SOO* 

Mer R o t b t e b  

IIIe DIVISSON OF EEDICAL SERVICES (33C3)r JOG V l o  Howl& 

Section - Ssotion bad 

3310 Indvs tria 1 Semi ~ e )  8 
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W u l  Eo ’r2shra 3430 Sur p r y  
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T o b i  Body X-Bdiat2o::K 
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mr3 nuI38rou8 and more videspread in t k ~  glnnat, considerable owbars of 
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PED 

m..d $setsas of pig9om subjeoixd to 5,li.30 r e c 3 a  t o b l  boCg x-ridfation, 

UR 00652 



t i m s  of the rats to the ~ ~ i i l r ; ~ l  t i r e  r a p  or“ the pigsons receiving 5&00 re‘ 

of the pigson to x-radiation on the kcs13 of -k:zese considsratio?, it would 

appear tbt *-,he p i g e ~ ~  13 p~oba%ly abc-& fin, t ims as reeisbmt t o  xomdir- 

t i o n  as t h e  adult albino rato Zom data are nesded, hm:e-nx=, ct  vwious 

Problem Code: X.R.2 (Xechmism of Efi’ooto) 

Ssstioa Coder 3140 

alpha oc,rbnn atoin of g1yclr.e 13 incorporebd’ in the 
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hemin mlleoule 

o h e  by bone mrrm homogemtea i s  being atudisd,  

As an extoneion of' this work, the  u t i l i z a t i o n  of gly- 

The preaent r epor t  l a  

conoerned with some results of t h i s  s t cdyo  

In addition t o  th3 i3 v i t r o  inocrporation o f  t he  a2ph carbon of -- 
glycine i n t o  the hemin mohouBe, t h e  experimnks ahow that f a t Q  aoids  

i so l a t ed  from the homogenate contain v e r y  considerable amount8 of a o t i v i t y  

after incubation of the  medium with ad&d C14 marked glycinen This i 8  nots- 

worthy since, (a> evidence from feedinp, s x p e r h n t a  (2) (3) utilizing h g g e d  

compounds i nd ica t e s  that gZycine i s  not converwd t o  aoetate,  and (b) ace- 

tate is considered the obligatory preoursor o f  fatty tlcidn., 

Method: Repara t ion  of bone mtrrow homogonatesr The narrow of the 

long bones of  rabbits was removed from t he  bony cav i ty  by n blast of air and 

then suspended i n  bone marrow Rir?ger as described by Needham end collabora= 

t o r s  (4), 

genized, 

m t  waigllt, and the homogenate was inoujated a t  37OC for  varying lengths o f  

The mrrm was then t r ans fe r r ed  t o  E -?:sing blender cup end homo- 

Appmxba te ly  5 cco of Ringer were used f o r  one gram of  bone -row 

time, 

of t i m e ,  hemin was i so l a t ad  and c1ys9b l l i r ed~  

After inoubation of the bone aarron suspanaions for w r i o u o  period8 

S h o e  it is conceivable t h a t  

the hsmin obtainad i s  coatemirrated by a high aotivity contaminant, degradation 

of hemin t o  protoporohyrin dinethylester uas cnrrled out i n  order to e88uxw 

(3)  guchumn, J. &I,, S O ~ O ,  J, c,, and Dollwa, A, Ido J. Biolo Chem,, 
273r61 (1943)0 
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the chemical purlty of t he  compound iso'roted, 

.ported the  dlmazhylessur ms recrystallized twice before t h e  masuremsnt of 

aop.ivity, The protoporphyrin db~ethybester i s  ~e~ryatallizoc Kith eaeo and 

has a w e l l - d e f i m d  melting point, aasurirq a Froduct of high chemical 

In a l l  the exprrments re- 

p u r i t y ,  h t s  were extraoted with 

ether alcohol  mixtures (24)9 saponif lad,  aaC than separatsd into saturated 

and unsnhrated fractions 03 the basis of theit' lead saltso The lead selts 

Rere then decon?osed and the aoids convarted t o  t h e i r  methylesters, 

The nethod of Ma Grimstein was used (S), 

Resu Its t 

1, ProtoporThyrin Synthesiss Table 1 (Page 21) shows the re-  

sults o f  aeveral experbsnte and lists the acti-rity per g r s m  protopor- 

phyrin a1 a function of different  inaubation timo, 

2, Fat &tabolisrns Table I1 (Paso 2 2 )  l is ts  the aot iv iw  mearurlsd 

f o r  the saturated and unsaturated f a t t y  m i d  f;.eotione oftor Incubation for  

varying lengths of tine, 

Discweion? These e x p r i ~ e n t s  d3monstrr.i;e t h a t  oell-free bone narrow 

homogenate8 ere capsbla o f  utilizing t3.a alpha oarton of glycine i n  the 

formtion of (1) hemin and (2 )  P a t e  acidsb 

The mstabolisin of 3one mirow is being s t u d i e d  in d e t a i l  i n  order t o  

'kj the basis for an investigation of the ~ c h s n i s m  of radiation iaJury am 

it a f f e c t s  tha hernopoibtic systeui0 

( E )  C,rins*b?n, ?& J, rjlolo Chenn., 157&15 (1947), 
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Hrs D 

~~ ~ 

&-activity ~i 
unsaturated fatty 
acid methyl estem 

units x  IO^ disiiit./min/gn 

saturatei f s t t p  
acid nethyl esters 

units x Id+ cisint*/min/gn 

, 

i L ? I 
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Som Aspeota of Glyoino Metabolismo 11, Experiment8 w l t h  Spleen Bomo- 

genates In vitro0 

Background8 In oertain species (bogo the  rabbit) histologioal evi- 

denoe points to the abiliCIy of spleen tissue to oarry out e r y t h r ~ p o i e s i r ~  

Therefore, it seemed of  intereat t o  investigate chemloally hemglobin ayn- 

thssis in spleen tissue, 

B t h o d i  Rabbit spleen homogemtes uere used and Inoubated at S7OC 

Hemin was isolated k a m  the presence of alpha carbon labeled glycine, 

the incubation mixture by t h e  usual procedureo 

Results: The results  are tabulated i n  Table I11 (Page 24), 

Msouaeion: The experiments reportod darnonstrated that the rabbit 

This study is a part of spleen homogenatss are able to synthesize hemin, 

a program to investigate the biochemical meohanism underlying radiation 

effects on the blood forming organso 

UR 00658 



TABLE 1x1 

Time of Incubation 
Hrs 0 

25 91.2 
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A.oblem Codez X.Ro3 (Theraw) 

Sootion Coder 3430 

Rutin Stud1088 

The intravenous adminiatration of large quantltier of h e p r i n  f o  

n o m 1  dogs rarultr in an immdhte but transient thromboagtopenirr rithout 

signifloant hemooonoentmtion, hemodilution o r  a l terat ion of t b  e o d b a -  

tat ion rateo 

Rhon heparin I s  inaot lwted  by a o l d  hydrolysis, a similar thtombo- 

cytopenir is not produced, h r g e  qtmntities of histamine, likarise, u e  

without e f f eo t  on the  thrombocyte l eve l ,  

In v i t r o  studies indioate that the aedimentstion rata of a dog08 -- 
blood I s  inoreaaed by heparino However, t h i s  eedimantation rrte ohaage I8 

countaracted by the addition of  rutin i n  BECOso 

and hwnoerfodiotyol, related Plavopones, do not have t he  same inhibiting 

Hesper.i.din mctbl ohaloone 

ef fect  a1 rutin i n  vitro,  -- 
when ru t in  and hep.rln are applied Ln vivo only a thronibocytopenh --* 

I s  noted, em effect  found with heprrin aloneo 

kta from suah experiments are reoorded in the aooomplnying f ib lor  

1 and 2 (Plges 26 and 27), 
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T A B U  2 

EFFECT OF VARIOUS AGENTS OH SEDIXEIRATION RATES 

Corrrct.d r.dimatation 
Susplmentr to 2 ml oxalatsd dog blood rrt. d h r  

Pert A, 1, p l w  0,2 na u rolutioa (control) 0 

2, plur 1 mg Hfrtamine 

3. plur 10 mg u8tami.rla 

4. plua 1% Heparin 2 

0 

0 (h-Vs@dJ 

1 

3 

Teat Be 1, lur 0.2 m l  saline plua 0,2 ml 156 MC03 0 
Pcontrol, 

2, #l plus 10 mg Heaprin 

3. #2 p l w  0.2 mg Rutin 

4. #2 plurr 2 mg Rutin 

24 

12 

0 
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S e o t l o n  Code: 3210, 3220 

Dispersion of Aerosols i 

Submsrged Aero801 Unit: Considerable progreea ha8 been m d e  in the 

dewloplmnt of eimplified r0ainless -s tee laerosol  units  of the eublrrsrged 

type pretiousPy dssoribed, The la te s t  form of this inrrtrrmrent is l l l u r -  

tratsd i n  Figure  1 ( a g e  29)0 

2 - p r t  construetion using 00027" ori f ices  for both the l i q u i d  and air Jetso 

The overall diameter is  9 / b w  and the working height 23\32"., S i m i l a r  t o  

The dirperrral j e t  aons is t r  errentlal ly  of a 

this previously dssoribed instrument, th i s  unit be o p e n t e d  from either 

submerged or  elevated positions. 

submerged instrument i n d i e a t e  that variation in the head of l iquid &bar* the 

Rolimiaary experinants with its w e  aa 

j e t s  w i l l  permit the production o f  a wide range of particle a i t e a o  A om 

liter round-buttamad flask as i l l u s t r a t e d  was found to be tho most suooerrful  

container tube. For portable operation, the Iow-ooat Oast* oomprsrror unit 

which is  r e l f 4 o n t a h d  w i t h  

succeseful in operation over a range of prsaauras up t o  20 poundso 

horsepoPrsr motor nas found t o  be highly 

Studies are continuing on the affioienay charaoteristics of these 

asroaol unit8 

The Isolation of Mioroqu~ntities o f  '(Jtmium from Solution by 3bam of Pro- 

t e i ~  Q A Stud\. of the F.Otom Imlvadn 

A report i n  preparation for publioation presents Q detailed atudy o f  



,--1ooo m l  mer 
fhak w i t h  t~pwid 
bottom outlet 

, 
t 

f 

I 
I 
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I ‘  
; 

\ 

Four Jet Aeromol Unit 
Staidem6 St-1 
Twice A c t d  S i t .  

- Coapreesed air 

Asambled ApparatPr * Actual size 
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the conditions required f o r  the quan t i t a t ive  separat ion of unnlum by 

of protein from aubstanoes which interfere with Its fluorometric deterinha- 

t i o n o  This seperat ion was prerequisit4i t o  t he  f l u o r o m t r i o  determiantion of 

uranium and has been used i n  studies on the d i s t r i b u t i o n  and exoretion of 

uranium ih animalso 

The general procedure was as follows: the ac id  so lu t ion  of srhed 

t i s s u s  and uranium was neutral ized wi th  slhli t o  pH 4,2&.0, nudo O , , S  

molar with aoetate buffer,  pH SOO, 120 ndlligrms of albwnln then added, 

and t h e  so lu t ion  volume adjusted t o  35 ml, w i t h  d i s t i l l s d  watero aiter 

heating the solution, t h e  coagulated protaln-uraniLm ma68 aaa oentrilhgod, 

washed onoe with 0,05 molsr acetate buffer,, dissolved in conoentratsd n i t r i a  

aoid,  and analyzed fluorophotornetriaally, 

a8 2-5 meo and as small a8 P0)ag or lass m y  be i so l a t ed  quan t i t a t ive ly  from 

Quant i t i9a  of uranbn  a8 large 

36 ml, of pure so lu t ion  under suoh oonditions, W i t t i n   chi^ aonoentmtion 

range, the pH i s  no t  c r i t i c a l  in the v i c i n i t y  of the isoelootrio point o f  

th albumin (pH 4 ,4d05) .  Inoreasing the protein conoentration, the pa, 

o r  decreasing the  buffer conoen t ra t ionwi l l  m i s e  this upper limit of 

uaciua ooncentration mhich r a y  be qmnt i t a t i - r e ly  isolated, 

The inverse r s l a t i o n s h i p  between buffer concentration and peroentags 

of uranium i so l a t ed  hns been established and I t a  imporf;anw demonstrated. 

All of the r ead i ly  aopilable bxffers react with m n i u m  end thus compete w i t h  

the proteino Aoetste buffer, being the weakest complexer, n a s  chosen for 

the prooedureo 100 differenco a s  obslervod betweon s o d i m  and amsoniu~ 

aan be removed with blcarbomte, It I8 oonoludad that .(;:he protslnout~ium 



Quantitatim isolat ion o f  uranium from solution a a a  obtained with 

c r y s b l l i z e d  e&g albumin, bopine serum albumin, Fraotion V from bovine 

plasm, and commroial preparations of egg albumin powdOrSo 

QuRntitative isolation of uraniumwas achieved f rom solutions of 

asned kidney and bone at  ret ioa  of 1:lOO and lglOOO of  uraniumt tfssw 

ash, The bone utudierl using @& showed that at pM 5 , O  the iaolated 

m i u n  was practically free of caPaium sal t t in  Tho qumohing ei'iscts 01' 

asnsd kl.drmey and bone u p n  t he  fluorososnoa of uiraniun-aodium fluoride 

fbaiona were determined and found to 38 about 20 -pir oent i=I the prorence 

Vraniua Orgsnio Complex3 

Beoeuee of the importanoe of the b e r y l l i n  citrate ooaplex, &yhe 

polarography o f  uranyl ion in ci t ra te  m s d i m  i8 tsing rehvest igatedo A l -  

though bryl l ium I t s e E  2oss m t  git-e polnrographio uave3, inf'ollzation re- 

@rdinE; the physicel chonrical b h a r : o r  of' 'bryY1iun can b3 obklnsd by 

conpe t i t i on  studieg with uranyl ion, 

-9.oblem Code: U,3 (Toxic L i m i t s )  

Seation Code: 3210 

The Relation of h r t i o l o  S l t o  o f  Urrniwn Dioxide Duet to Tcxioity F o f l d n g  

Inhalation by A n i n d s e  

The r e l a t ion  of part ic le  sizo to toxici%y of ummiun dioxide dust 

following inhalation by anlmoLz lrss been dstorsicod i n  2 pr=llel atudiero 

In both studies, 16 rabbits and 24 rats were exposed to Tx)2 dust a* 
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approximte ly  80 4n3. 

t i e l e  r i ~ z e  wau O o 4 5  p, 

tration, the Q had a ma18 median particle size above 1 p ,  

t ions  were prepared by sedimentation methodso 

produced by meam of an asp i r a to r  feed that developed an aerosol  from a 

In the f irst  experiment, t he  111888 median (Yg) par- 

31 the second cxperimer;t at the  8uae dus t  conoen- 

The r i t e  f h a -  

The dusty atmospheres wre 

water suspension of IID2. 

tor daily permitted a close check on p r t i c l e o s i z e  v a r h t i o n g  t h e  Filter 

&per Dutlt Sampler was used to determir-e concentrationo 

"finen suspension were faund by the inert gas adsorption method to have a 

total surface area t e n  thes thnt of the p r t i c l e s  in tho "ooarseR ouspen- 

s i o n ,  t h e  difference resu l t ing  la rge ly  fron t h e  dlfferenoa in p r r t i o l e  s i z o o  

Colleotioc of  dust samples by the Cascade Impo- 

h r t i c l e s  from the 

in the rabbi t ,  (a) proteinuria ,  (b) e leva t ion  of urinary amino acid 

R-areatinine r a t i o ,  and (c)  e leva t ion  of blood NPN ooourred i n  both expewi- 

msnta but  m a  afgnifiotrntly greator a t  0,45 

i n  t h e  rabbit wtis about the  8me i n  both studies, 

p r t i c l o  s i z o D  Renal pathology 

In the  rat, h m r e r ,  

slight but dsf in i t e  r e m 1  darmge w8s o b r o m d  in marly a l l  animals exposed 

t o  UO2 of 0045 11 a i m ,  whereas prac t ica l ly  none was observed in rats ex- 

p x e a  t o  ?he larger p a r t i c l e  s i zeso  Appreciable lung damage oocurred in 

rats fron 

1 p, 
at the s m l l e r  p r t i c l e  s i z e  than a t  t h e  l a r g e r o  

or ig ina l  repor t  on the vranlum content of the t i s s u e s  i s  inoluded because it 

demorstrates i n  a d d i t b n  two r ; t r iking fost3 about r e t en t ion  of inhalsd,  in- 

soluble  ureniuu. dust! 

retained i n  the lung cwyred with  that 8imultaneously reiohing tho  kidney 

and bone; and ( 2 )  t he  grant difZwencea t h a t  r e i u l t  from changes h p r t i a f s  

0.45 p par t io l e s ;  none from the ~ a r t l c l e s  of LS, greater than 
c1 

Retent ion o f  Uh in t he  lung i n  both species  nas 2 4  f o l d  greater 

Tbbls 1 ( h g e  33) of the 

(1) tha groat differenaa i n  the mount of urcylius 
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Table P Uranium Content of T l e e u a ~  nf Lqirnde -sed for 
37 b.p ',a 80 mg C'i'rnj Uranium Dioxide of Different Particle Sfzaa 

3 
10 
5 
12 

KIUNEY 

7 
10 

8 
12 

8 
9 
l5 
12 

,s5,000-2W+, GOC 
8,000- 48,000 

17,om- gi,ooo 
35,000-204.003 
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a i m  of the inhaied dnet -  The anrlysee averaged a t  t h e  end of 37 d a y  of 

exposure show approxinate :*at20 of t  

40,000 s 25 n 1 

for the lung, kidney and femur, reapotively for the rabbit inhaking mz 
d u s t  prticfes  of a m s  median s i z e  of 0,45 ,uo 

these ~ a l u e s  were deteminad on an ash weight basis of bo-ch the sof t  and 

It i . 1  t.0 be 6mpk.asized t k t  

hard tissues whichweighta the  f i g m a  in favor of  the soft tissues, the 

femur containing 60 t h e 8  ',he quantity of ash of t h e  1uw. 

Strikingly differen: ratfos are shown for  the s u . 8  a n b l  specie8 

?he r e t i o s  izlhalinc UO2 p r t l c l o s  o_Ci.ass median greater than  1 d c r c n ,  

for the s b w s  tisauee i n  order are, 

3,GW 9 20 a f 

rhowing, we baliove, difference8 in the nmnner i n  ahlch Ir.rger partiole8 

are handled by ba6y pimOO8seSn Tablo 9 

that firstly ths Lnh~l.2d quantity of dust is smollsr r i t h  thc  larger par- 

It is immediately a p p t e n t  

for the  larger sise: 

6,000 8 40 E B 

It thus is spprcat  f r ca  those coz;;srisons t h t  k!x lung 8 ( 3 m 8  a8 a 

re lat ire ly  large r a s e r ~ o i r  f w  inso%abl.a dust and tlgt Tithin a manth only 
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boneo 

concentrationa is  i n   harp oontrast to tho varying amounts in the lung and 

The approximate constancy of the rntios of kldney to femur uranium 

shows t h t  the s o l w t i o n  from the lung is s d f i c i e n t l y  slow 80 that tho 

kidnay i a  not  ovenrhelmd by uranium, 

t a i n  approximite  equilibrium love1 of uranium i n  the blood 60 that only 

t r iv ia l  amounts reach the f e m u r ,  

The prooeraes of s l i m h i t i o n  min-  

Problem Codex 0,4 (I;bGe) 

Seotion Codes 3210 

Dopoeitian, Acomulation. and Ellmirlntion of Uraniumr 

Comparison of the  amounts of uraniun d e p s i t e d  in L?3 tissues of ani- 

mals exposed to firs different compound8 for one yenr, fcllowod by one yaw 

of expos- to U-nitrute have revealed for the t irot  tix: sora intereeting 

and useful infomatiou on the raw of  uptake of upeniun *in bone and s o f t  

tissue, a8 m11 aa i%s elinintition from t i s s u a s .  

Aninn18 were exposed t o  two ineoluble uranium dus%a, U02 and UPqO a d  

t-8 60lUblS d U t o o  U-I l i tmb, ,  m6 and U C l q  c 

Groups of approximtely 20 dog8 and %S r ~ b  sere exposed m a daily 

schedule of 8 hours throughout a 5 & 4 y  work week for a period of one yerr 

t o  -oh of  the 6 uranium dustsj in the following year, 3 dogs and 9 or 4 

rats from eaoh of these groups =re exposed on a r imikr  oohodub to  a duet 

of uranium n i t r a t e  hoxahy3.ratreo During the first y e R r ,  %he oonoentrptlon 

l eve ls  of O X ~ ~ B U Z W  -re s e t  differently for eaon of t ho  dusts because o f  the 

previouely established wide diffsrenae in tho response of anieals t o  the 

d i c e r e n t  compoilndsg the sxposurs level el U02 was 10 mgo U b 3 ,  for UF4 



0,2 qo U/m33 mg and UClg mere used eaoh a t  O o 2  mg, U/h3 for the first 

year. 

these leve ls  were a l l  sxposed to a single level o f  2 mgo U/m 

For the second year, small  group8 of dogs and rats from eaoh of  
3 of U=-nitratea 

!he number of animnls in each group exposed for  the second p a r  *om 

which the data &re derived is uu'opturmtaly smll, f i r s t l y ,  booause the ex- 

periment was intonded t o  be merely a pi lo t  t e a t  f o r  fhture, more extensive 

work., and aeooadfy, baoause death from old age unavoidably removed 8 slg- 

rdfiuant n d e r  o f  aninale f rom the groups sxpossd for ths raoond yearo 

l'hlrr m s  aspooisPly true among t he  rats which were young adults at the s t a r t  

o f  the  tuo-year study, Approxlniately 65 per oent of the rats  o f  the rtmb 

used in these experlmnta normally d i e  within two para under the oonditionr 

o f  d i e t  and housing e x f a t i n g  in o w  colonyo 

The results  of fluorophotomtric analysir of  animrl, t lrsues for 

uranium contsnt have just oome to hand from there experiments khat were 

completed a year agoo 

brisPly thus: 

The more important conclusions may be sunrrmaritsd 

1, Mirraty-nlns p r  oent o f  unrniua present in t b  lungs and 92 

par cent of that h pulmonary lyaph nodes of the dog a t  the oonclusion o f  

one year of k i l y  Inhalation o f  V02 a t  10 &m3 is eliminated from t h e m  

t i s sue i  by the end of the aeaond year when exposure i o  oontintwd t o  m 

aoluble dusto 

rat tmder oimflnr oonditiom, 

Eighty-elgM per aent is eliminated from the lung of  fha 

(See Table 1, h g e  57) ,  

Z0  Tliminn%ion f rom the lung and ito l p p h  nodor of Up4 (e 

somnhnt less insoluble ompound than U%) I s  oom?lete i n  mta, and probably 

in dogs, w i t h i n  o m  yBar while being exposed e0 uranium nitrate ( a b l e  l)= 

- -  - _  
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v u  0 

t i s aues  of dogs at the  end of tu0 years oompared with that  found a t  the  end 

of one year when exposure is  continued w i t h  uranium n i t r a t e  a t  2 mgo U/m 3 

(See Table 39) o Bone - i s  - t hus  the only s i te  of appreciable -- -- acoumula- 

t i on  from prolonged exposure -- t o  a 80lUbh?1 uranium compound -- at  the  r e l a t i v e l y  

high inhalat ion level o f  2 mgo U/mso 

-_L 

- -I 

5. A tenafold inoreaee i n  the concentration of 6 0 l U b k i  uranium 

d u s t  dur% the seoond year resu l ted  i n  a twoofold inoreare  i n  uranium o m -  

t e n t  of the soft t i s s u e s  of dogs; under the  8amb conditions o f  exposure, 

approximately a f i f t y d o l d  inorease oaaurred I n  hard t i s sue ,  bu t  the d a h  

are scan*. The uranium content of soft tissues of rats inoreased five-fold 

from a t e n d  old increase la exposure aonuentration, approximately trrentyof iva- 

f o l d  in bone. (See a b l e  3, age So).  

60 The uranium content of - a l l  t i s sue8  of dogs inoreased from two- 

t o  twentyofold upon e ten-fold inorease in  exposure dust concentration when 

first yearo 

ten-fold inorease i n  exposure conaentration, but approximtely a f iveofo ld  

No inorease in the  lung of the rat resu l ted  from a similar 

increase was o b u e m d  i n  boneo (See lhble 4, Rpge 41)* 

7. In neither group of dogs exposed to low conoentrations of UCl4 

and tps (002 mg, U/m3) for o m  year and then exposed for another year t o  

U - n i t r a t e  (2  mg, U/m3) was any differenoe in uranium oontent of the tisswr 

seen compared w i t h  dogs exposed t o  the r m e  two oonaontratione of uranirpn 

n i t r a t e  f o r  bvo successivet parsO It may be conoluded, therefore ,  that thr, 

past history of exposure t o  uranium dus t  (where low ooncentratlons are cob- 

oarnsd) has no e f f e a t  OA the deposit ion of uranium from subsequent exposure 

at a hi@r concentration (ten=fold)o (%bl&s 3 and 4), 
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80 From data not shown in t he  aooompanyhg t ab l e s  but  appearing . 

in Rochester Report No, UR400 another important oonclusion was reached 

regarding the r e t en t ion  of the uranium in the body k o m  inhaled soluble 

uranium dust,  The ooounulation of uranium in the  bone of animals breathing 

uranium n i t r a t e  beoomes appreaiable only a t  conoentrations greater than 

O,ZS ma;, ~/m3. 

with  uptakeo 

A t  l m r  oonoenttstions el iminat ion appears t o  keep woe 

Even a t  the higher oonoentratiolw ( 2  mg, U/m3) and after . 

prolonged exposure (one year), however,, very l i t t l e  uranium remrins i n  ths 

soft tissue; bone is the ohief site of deposi t ion of a soluble  uranium d u b  

Further information that is required but  is not  yet  a m i l a b l e  is that 

of t h e  el iminat ion of uranim from boneo 

t h i s  type of informationo 

Experiment8 are planned t o  yield 

C.* Adsorptiono 

Rovious s tudios  on the  exchange of the caloium of bono with  the  

oaloium of r ad ioao t im CaC12 solutions of different concentrations have been 

continued. 

bone and on 80 0 100 mesh glyoolcrshed bone, 

expanded t o  include a study of the adsorption of Ca* on bone arh from 

1004 Y kc12 aolut ion during exposums ranging from 8 hour t o  14 days. 

L i b w i s e ,  bone ash  previously expoaed t o  nd ioao t ivu  lo4 Id CaClz roPutlon 

is being shaken with nonradioaotlve CaCIZ solution of the same ooncentrr- 

t i o n  for periods of from h hour t o  14  deyeg in  these  experiments t he  i n i t i a l  

They inolude the  oomparison of the exchange of oaloium on fresh 

The previous work ha8 been 

exposure of the bone ria8 a l w y a  14 days. 

to study the desorption of CaB5 f'rom bone i n t o  solution. 

Ihe purpose of t h i s  experiment 18 

In all  cases t h e  

r ad ioac t iv i ty  and the Ca concentration is determined in t h e  bone and t he  , 

aolutions,  
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The r o s u l t s  of these  and jrevious  studies a t  higher Ca concentra- 

t i o n s  (lom3 !1 and loo2 U) are being compiled and evaluated. 

Riclcetsx The s tud ie s  on the  meohanism of' aation of aod liver o i l  

on the heal ing of rickets i n  rats wi th  Ca4' as ind ica tor  of the  calcitmr 

metabolism o f  bone continueso 

Problem Codes 

Section Coden 3220, 3260 

U,6 (Meahanism of Toxio Effea t )  

Mechanism of Action of Uranium on Isolated Cells8 

It has been shown previously t h a t  uranium aota on the surfaae of t h e .  

yeast  c e l l  (Rochester Report No, UR-8) and t h a t  a oomplex is formed between 

uranium and certain groups on the aell surfaoe (Rochester Report No, uR017.)~ 

Tho uranium conplexing g o u p s  of tho  c e l l  are involved in the  metabolism of 

E;lucose, ixesurrrably i n  the phosphorylation of' gluaose to glucose-6- 

phosnhate by the hexokinase-adenosino triphosphate (ATP) system. 

The experiments reported here suggest t h a t  uranium i n h i b i t s  glucose 

metabolism by complexing w i t h  the polyphosphate chain of ATP bound on the 

c e l l  surfaceo The u r a n i m  probably replaces the Llg ion which is t h e  autiv8-  

t a r  o f  t he  ATP hexokinase systemo 

A comparison was made betweon the dissociation constants of tho 

uranium complex with yeas t  surfaus groups and that of' a nurnber of pure Corn- 

pgundso The complexes with polyphosphates suoh as inorganio m o o  and tri- 

phosphate and ATP had dissooiat ion aonstanta of the same order of magnitude 

as t h a t  with yeas to  However, the com?lexes w i t h  ortho-phosphate, gluoore-6- 

?hos$mte, glycerophosphate, c i t r a t e  and protein (aalculated on the basis of 



carboxyl groups) mere considerably lowero 

In preliminary experiments, it was shown that Mg"+and Catt-aompete 

with -++ far the yeast oell surface goupso  

complex I s  much ti&ter t h  that with magnesium or calciumo 

However, the uranium ' 

. 
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B E R Y U I U H  

Problem Coder 

Seotion Codes 3210, 3220 

Be,l (Physioal and Chemioal Properties) 

W r t i c l e  Surfaoe A r e a  Determinations of Various Gndas  of  Beryllium Oxide( 

Beoause a oo r re l a t ion  was believed t o  ham been found between the 

incidence of t o x i c i t y  and exposure t o  d i f f e r e n t  grades of beryllium oxide 

among i n d u s t r i a l  workers, a reasonable experilrvsnhl approaoh to t h e  under- 

standing of this problem appeared t o  be tho determination of c e r t a i n  physi- 

cal  p r o p r t i e s  of the  various oxides,, Xost c r i t i ca l  of these  as regards 

toxicity is  that of surface area. Accordingly, the surface area of seven 

different crades of Be oxide bulk samples have beon determined by the  method 

of low temperature adsorption of  ethane which has been desoribed b r i e f l y  

previously i n  a teahnioal report,,  

The surface area and particle size values of  the d i f f e r e n t  grades o f  

Be oxide are shown i n  Table 1 ( k g e  46 ) o  

SP grades of Company *P showed r e l a t i v e l y  high partiole s i t e ,  40 and 20 

respectively,, 

a l l  within the  r e l a t i w l y  low range from 2 t o  3 p,, 

Two of  t h e  samples, t h e  GC and t h e  

The s i z e  mass medians of the remaining samples, however, were  

The determination of 

these pa r t io l e  s i z e s  was made by op t i ca l  masurement of  t he  p r t i c l e s  and 

In the case of t h e  fluoresoent grade oxide, s i z e s  were assigned t o  the clumps 

as it oms not possible by the op t i ca l  method t o  measure accurately further 

subdivisions o f  these  olm?s,  

median of the rofractory and f luorescent  grades of t h e  oxides which appear 

widely d i f f e r e n t  i n  e l e c t r o n  microscope pic tures  

This aooounts f o r  the similarity i n  t h e  mass 
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Tha highes t  values of surface area ware e s s i g e d  t o  the oxide fired 

at 400';C from Compny "Q* with a value of 53,5 d /g;  next in order -6 

Grade "A" of Company "P with o aurfaoe area of 14,7, 

was G r a d e  "Bn of t h i s  l a t t er  company and the GC grade from C o m m  "Po 

The Zmst i n  area 

In genernl, it i a  ~ o e n  %hat there is an approximate surface area relation 

beheen the f i r e d  tamperstwe of the oxide and the spoific ourfaoe, nupsly, 

the higher the area the lmar the firing temperatureo 

It will be E matter of oonsiderable interest  t o  oorrelate from re- 

sults of t o x i o l t y  etudles now undermy what, if any, re'htlon8 e x i s t  be- 

Roblen Code8 Beo3 (Toxic Unite) 

Seotion Codex 3210, 3220, 3230 

Concoat.yrtlon Toxicity, Intravenous Injections 

Using several different msthods, three types of beryllium hydroxides 

have been praparsd and ths intravanous tox ia i ty  of eaoh determined in ratso 

"Beta" beryllium hydroxide, gmve an L B O  cf 2,5 mgo of Be/kg:, "Alphan beryl- 

lium hydroxido about 0,8 and "Alpha* beryllium hydroxide containing small 

quaneities o f  citrate gave an L S O  of ap?roximatoiy 0,35 mg/kg, 

Pilo% hryllium OxIG?o (Grade "A") Inhalation Studyo 

The toxicologio e f f ec t  of beryllium oxide dust, Compaqy "R", (Grade 

"A"), was inmsti@ted in preliminary inhalation expoauw study In 0niPrals0 

Following three weeks of conditioning in a Serylliwn free ~xposure 

ohamber, 80 rats, 10 &ma pigs ,  and 3 rabbits were exposed t o  a mim con- 



48 0 

twelve-day period, 

which were saved for further observation, nare saarifioet! and t i38uas sub- 

A t  the aonolusion of exposwe, a11 a n i m l s  eroept 5 rats, 

mitted f o r  h i s to logic  studyp 

Only 2 animals, Anits, died during the  experhiento One rat died on 

the 3rd day of exposure; the  other, one week f o l l m i n g  the t e rn ins t ion  of 

exposure 

No loss  in body weight was observed in any species during exposure; 

however, 2 of the 5 rats not  sacrificed showed postcexpos'us vaight losso 

Urinary protein and 02ood nonprotein nitrogen in th3 r abb i t s  were 

cons is ten t ly  normalo 

on t h e  same a n l m l s  also showed no s igni f ioant  ohazgeso 

Serum protoin and albwnin/globulin r z t i o  doae weekly 

IIematologio otudias on the r abb i t s  gave no indicat ion of cftanges i n  

blood pfotureo 

fu r the r  inves t iga t iono  

selloation had a a l i g h t  leukooytosis during the exposul.0 poriodo 

crease booam more marked dwing postoexpsura (Sea a b l e  1, Fago as), The 

rise i n  t o t a l  white blood c s l l  count .was aoconpniod by an incraaso in both 

neutrophi ls  and lymphocytes, 

Hemocra.?ls on the mts, h m v e r ,  s h r e d  changes that warrant 

lPlree of the  5 rats that wore h e l d  for further ob- 

This in- 

The his to logic  study o f  t i ssuos  of tha sacrificed animls has not 

been com?loted, 

It is t o  ba concluded that a toPo+eek exposure t o  bo, *an 

grade, at 87 m&/m3 ,zives indications of FGtontial tox ic i ty  t o  laboratory 

animals , 

Acute, Massive Ekposuos t o  B e r y l l l m  Oxide and Eiydroxidee 

A study has Sean conpleted for the purpooe or" determining whsther ex- 

posum to various grades of oxide of beryllium uan oauoe an acute type of - 
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Table 1, Lloan V'lll.lrite Blood Cell. Neutrophil and 3;mp h o d e  
Com%s in 1bts Ehwosad to 85 P d d  Be0 Dusb, 

Clifton Fluorescent Grade. 
Corn- nR'' (Grade nAn ) 

Clem mite 
B b o d  COU. 

count; 

ldean AWL 
Ute I?eutra- 
phi1 Count 

Absol- 
ute ~ympho- 
qtte Corn% 

7,300 
6,979 
9,372 
9,210 

~ 

I '  
I 
1 
, 
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react ion i n  t ho  l u q 0  and e s & c i a l l y  whether such a reac t ion  ca 

fron a single massive exposure to beryllium oxide dusts.  

r e s u l t  

The experiments relating t o  this study f a l l  i n t o  t h e e  general 

g o u p s o  

8mll exposure ahamber mecaeuring 18" on R side,, and exposed t o  a high concen- 

t r a t i o n  of beryll ium oxido dus t s  a t  levels of the order of 1500 millignmr 

per oubio metero 

La the f irst ,  small groups of 5 t o  10 rats each were plaaed i n  a 

Varioua grades o f  beryllium oxide were used, and t h e  con- 

d i t i o n s  of exposure were maintained i n  each aa8e for a period of one hour0 

In moat ~888s the  a n i m l s  *re saor i f iced  12 day8 after a single exposure 

of t h i s  type, and autopsy da ta  reaorded although the  4 x 0  compounds whioh 

apwared t o  be most au t ive  after a s ingle  exposure were r e t a s t ed  i n  a series 

of repaat  exposur88, one hour each day f o r  b d v e  d a p o  
. .  

The second group of experiments was conducted in tha same may insofar 

as exposure t o  berylfiumwas oonaeerned, but i n  addi t ion,  oorCain physiologi- 

cal s t r e s ses  were suprimposod such as enforced exercise ,  hea t  and cold, 

In the third group of experiments, each of the various compounds m a  

injeoted i n t r a t r achea l ly  into groups of 5 t o  10 rats at B uniform dosage 

level of 100 milligram3 per kilogram of body weight, 

f ioed after 12 dayso 

Each group was aacrl-  

U i n g  the 12 dap of eaoh exprirnsnt,  each animal was examined daily 

and the following data recorded8 

noirres (r"ales)i presence or  absence of  sni f f les ,  exudate from the eyes and 

infect ions of the middle ear, scoring eaoh a t t r i b u h  on an arbitrary soale 

of f roa  1 t o  10 uni tno  

body might/ i n t e n s i t y  of r e sp i r a to ry  

On the 12th day, eeoh animal naa reori f ioed and 

gross pathological cizenges recorded, including a numeriaal eetinate bf the 

degree of lung darnsrge (aoale 0 t o  10) and the relative weight of muh ]lung 
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expressed as a peroen-tae of t he  body w i g h t  as icdicated i n  h b l e  2 

( a g e  52). 

Results: Only a few of t h e  data rscorded showsd any ovldonoe what- 

soever of a cons is ten t  trend r e l a t e d  to the  d e t a i l s  o f  the ~ x p o s u t o ~  Thus, 

chawes i n  body weight rangod fron a mean weight loss of C003 grams per day 

per rat  t o  (L man weight gain of 3,8 QXRS per day par auimal, with n lnos t  

no corre la t ion  ( G O O O 3 )  w i t h  f indings at autopsy, largely becauss of the 

high curvature of the n o m 1  growth curve f o r  r a t s  i n  tho age grouF 

Symptoms suah as prasenoe of  sniffles and bloody eyes app& too sporadioal ly  

usedo 

t o  p e r m i t  adequata evaluation in such limieed groups as were u e d o  

tory noises i n  r a t a  exh ib i t  a complex pioture which i s  d i f f i o u l t  t o  i n t a r -  

Respim- 

p e t s  as a r e s u l t ,  l i t t l e  correlation a n  >e demonsitated be tmen  tales and 

autopsy findings 

The autopsy d a b  are by far t he  most oonsls tsnt  o f  the l indings,  

Individual animals within each group are rmtually consistent, and in addi- 

t i o n ,  the recorded vnluss for relative lung weight and appreEt lung damage 

shuw 8 high dagree of  correlation (&0,6). For t h i s  purpose, only the 

autopsy findings are shmm in Tabla 2, 

Conclusions: -411 oxygon con?ounds of  beryllium s tudied  cause d e f i n i t e  

changes i n  tho lungs of white rats whether administered by inhz la t ion  or bj 

in t ra t rachea l  in joc t lon ,  

well-being o f  the animl ,  or at l e a s t  tho Impairment is not so grea t  t h a t  

it is readi ly  dslnons-krablo by any externa l  t e s t s  y a t  devised, but  is evi- 

Kone o f  these chnges  appear t o  i m p d r  tb general 

dent only i n  autopsy mter ia l0  

whether this f a i l u r e  t o  show externa l  changes is due t o  the absence of suuh 

It is not y e t  posaible t o  s ta tc  pos i t ive ly  

changes, or t o  the l:xk of sen d or more probably 

- 
c. ' 
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Tnble 2. A m t o  (BhaTtoTerm) Responae to Various Grndes of Beryllinn, 

A. Saor l f lcae  mda twelve tam after o one-hour oIT;csnre 

Compound Tsatsd Apparent Gmss Lw.g H*, loo 
Lung D8rnP-ge EQdy Y t  

Co.aPpn Oxide, SP Grade 
C o , V  8xfd6, Grada A 
Coo uRr Hydraxido 
Oxfde freshly igaited f r o m  

beryllium hydroxide 
Co.MRm Grade A attar 12 
daily l-hour expaswee 
Sam, 12 &aye lnter 
CO.~B~ Rydroxids after 12 . 

Same, 12 daya lnter 
daily 1-hour erposUr88 

3.2 
3.2 
306 
2.8 

2.2 
2.g 
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iiru 
t o  the sho r t  durat ion of t h e  experiment. The f a i l u r e  of any of the  treat- 

ments (with one exoeption) t o  cause tho death o f  any a n h l  wi th in  the t h  

limits described wouic! 3eem t o  imply t h a t  the changos produced are actually 

of very moderate degreeo 

The data obtained from the aninals which were i n t r a t r ache r l ly  in- 

jected indica te  that beryllium hydi60xido is a t  least a8 a c t i v e  as  the oxide 

which is preparad from it by ign i t ion ,  while tihe inha la t ion  data suggest 

that it is considera'bly mors aative,, The d i sc repnay  i s  undoubtedly due 

t o  t h e  fact that the hydroxide has 8ume poul iar  physioal properties whioh 

rzike it very liable t o  suspension i n  the  a i r  in s t ab le  e.orosol8 of a smoke- 

l ike  charactero 

u?pars t o  be toxioological ly  m o m  ac t iw  than any of  the o thor  raterials 

a tudied 

The oxide p r e p r e d  by Company "Q", on the  other hand, 

The data fur t i ler  indioate that  exposure t o  bery1li.m a t  elevated 

temperatines (lOO-lOS°F) is mbre h g i n g  than a t  norm1 kemperatureso It 

is highly s i g n i f i c a n t  that at only these high .C,emprature3 were any a d h l s  

a c t u a l l ~  killed by the kreatment. 

Repeated sxpcsuros up t o  i2 k y s  Oduration produoe ciurngee compwable 

with the, increased oxposumO 

suggest tht the  changes produced m y  be of  a progressive character, in-. 

On the  othor hand, the data for the  hydroxide 

creasing 5n in tens ley  cfter the physical exposuro is t amins t sd ,  

Sunmarys Exp03ur-e t o  tho  insoluble oxygen compounds of beryllium 

are shown t o  ,$roduce mss.sunrblo changes i n  t h e  lung6 of mLs afbr  one or 

ssvere.1 exposur&, It is not possible on the  basis o f  tho  present da t a  t o  

s t ~ b  whether t h ~ e  cI~,n,?ges represent a sorioua threat t o  t h e  survival of the 

h n h i s ,  especially einas there  is aom i :dicat ion tha t  t h a  los ions  rmy be 

acti-lru rad ;:*ogressing 12 days Efter the sxposura t o  b e r y l l i m  hks been ter- 
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Acute Toxicity of E a 4 l l i u m  by In t raper i tonaa l  Route : 

Cumulative mor t a l i t y  of rats following intraperitonsal in jec t ions  

with various dosos of Be oxid3 (Grade "A" and Grade "B") ha0 been determined, 

&le rats, average agr 55 days, were injectad i n t r a p e r i t o m c i l y  with s ing le  

doses o f  a suspension containing 50 mg/ocu l'he r e s u l t s  a10 t h m  i n  'Phbles 

3 and 4 below, 

ltibla 3" Be Oxida (Grade "A") 

1'' E E K S 
~ o s e  (m&g) 1 2 3 4 5 6 7 8 9 

I 

3000 (S .%line)  O / l O  3/110 4/10 4/10 
3000 (Aquecus) Ob0 2/10 4/10 5/10 

1/10 2000 (Saline ) m 
2000 (E.quf3oUs) 2/10 3/20 4/10 
2000 ( S e l i n e ) *  6/lO 7 b O  3/10 8/10 
1000 !,squeous) o b 0  1/10 
low (Se . l ine)  0/10 1/10 

4/10 

Suspension prspared 4 n o n t b  previous to i n j ec t ion ,  * 

Mce (nrzxg) P 2 3 4 6 6 7 0 9 
I I 

2/10 3/10 3/i 
2/10 :A 

vorT l a v o  -de 'E" a p ~ e x s  to be less tc;xic than Grade "h" by ehe~ i n t r a -  

.peritoneal. rcub 
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Acute Toxic i tv  bv Iiicesticn: 

2BeOHo3H20) for 6 mek5,  The rosults aro shown in Table 5 b a l m ,  

4) .!3$ o/xo 0/90 52 51 3.00 7.47 +E56 a96 

2 05% O/lO 0/10 s2 52 i89 140 +I37 i -88 

6 0 6  1/ lo  2 , h  53 51 107 91 4-54 +40 
- 
Radiographic Findings in Tibial %ad I 

Controls ,  zogativez Qo5 per cent, neeptive~ 205 par cent, Sone lesion 

(slight); 5,O por C W \ ~  proncunced "rlc!rets-lila" bone 1 9 8 i O R o  

level of Z05 y-r cent &id product36 ueath in some rats at double th is  level,, 

wero fed Ee s u l f a t a  :kotriihydrata) at E d i e h r y  level of' 5 Far cent are 

- 
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Radiorrsahic  'r'lndlnm In Tibial iIse.dr 

Cootrols , aegatL-rre; experimntals ~ r o n o u c s d  "rickets-like" con- 

d i t  iono  

3 l t t  k v  t o  42nd Cay of Exparimentar Pariod 

Controls Stock Diet (i 177 130 217 819 +40 +P9 

mntala 
E3tperi- Stock Die% 0 55 5 1  PI2 91 t 57 +40 

Radio(=lupfiio Findings in Tibial Head 8 

Controls, negative 1 exporirrints, "rickets-like" oonditi0.n partly "healed" 

Controls S t x k  Diot 0 217 149 232 155 t15 + 6  
Zxperi- Stock Mot 0 112 91 139 BG9 t 27 +I8 
nentals , 

A hitherto iuvcparted find.ing of ch~i igss  prograuaing in the tibial 

h a d  cf %ha few.: 0:: r a t s  i'ron Lka ingestion of 8 0 h b k  bomjllium sulfate 

1~1s bson +o;;lor.stratsd. Tim nmly discoverod change occurs A f t e r  the appr-  

::IT& h s a l i n ~  of t h o  i - ichts - l i 'h  condition on tha 5 per cant diet;  and i a  
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d8monatrabPe by x-ray approximately one m n t h  a f t e r  the sstablishment of 

the r i c k e t  condition, 

Effeot  o f  In$mted Borylliun on Numbor of Offspring i n  Ratst 

Appended aro dab for rats from a breading experiment i n  which t h e  

fenales 88  weanlings were injeoted in t rapor i tcnee l ly  with a s i n g l e  lo00 

m&g dose of Be oxide, Nom of the mle rats i n  t h i s  experiment were in- 

jocted with B e  oxido, The rats were paimd (one pair par cage) at  waning, 

25 pir3 were used i n  eaoh group, 

Table 70 

Croup 0 Q Mortali ty 0 

v 

Controls 0 Not injectad,, o b  
Expo I1 - Be oxide (Grude "A") ' 4/25 
Expa I 

Expo I11 0 Bo oxide (Grade nA'') 

- Be oxide (Grade "Be) Q aaged w i t h  males 0/25 

3/26 aged without males 

Percentage of Rmilea Bearing Littern i n  F i r s t  Five Months 

The d a h  show that beryllium oxida nothers t r e a t s d  prior t o  mating 

with nontreated mlus.hRve substantially :*educad numbers of l i t t a r a  duriry 

the  f'ive-month period of  o b s e m t i o n  i n  comparison t o  wtrbated c m t r o l e o  

The experiment as yet  does not  p e r m i t  a condusion QB t o  tho effect  of 

beryllium on mproduotion throughout the  l i f e  span of  t h s  rato The apparm 
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Regriamy i n  beryllium t r ea t ed  female Pats has not  changed t h e  rate 

of mortality in the  fir6;aaonth period of the experimento 

Froblem Codes Boo6 (Wthode of  Ih teo t ion  cf Poisoning, Prophylaxis, W-tQ 
mnt, md R o b o t i o n )  

Section Codes 3210, 3220, 3260 

Lbnge  in Blood Lipid W t i o s  8 8  Index of Beryllium Poisoning: 
b 

The differential analys is  of blood l i p i d s  of aniroals was undertaken* 

i n  the hope of f inding a c l i n i o a l  method t o  aid in the d i a s o s i s  of beryl- 

l ium poisoning. It WBS f e l t  that the inportant  f i e l d  of l i p i d  chemistry 

should nos be neglected merely because of the d i f f i c u l t y  of l i p i d  miorornethodso 

A oomplete ana lys i s ,  such as performed i n  t h i s  study, ,permits no hporknt 

oonst i tuent  t o  esoape exaxina.tiono 

both plasma and red c e l l s  of rabbi ta  waa determinod aacording t o  the follow- 

Acoordingly, t he  p a r t i t i o n  of l i p i d s  i n  

ing soheme of seprrat ionu 

I Total  Lipid 

I1 Neutral Fa t  

IV Total Choleetorol 

A Ester Cholesterol 

I11 Total F l i t*  Acids B Free Cholesterol 

A Bosphol ipid V Phospholipid 
ktfy Acids 

B Choleoterol Ester 
Fa t ty  Acids 

C Noutral Fat 
FbWy Acids 

It vms tound in tho n o m 1  animsl group that concontrations of indi- 

vidual l i p i d s  as well as %he r a t i o s  of one to enother were more constant i n  

tho red calls than i n  tha pfaama, Followirg t h e  intrsvenoue in j ec t ion  of 
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the rabbits w i t h  2 mg, B e S O ~ & i ~ O / k g o o  s l torat ions  i n  tSe l i p i d  patbrn 

were aPoo Nore aonaiobnt bn the red ot311so 

the ratio of phospholipid t o  free cholesterol aRanged more u n i f o d y t h a n  

eqy one individual l i p i d  concentration (See Table 1, a g e  SO), 

t h i s  r a t i o  wms ahoaen for further inveotfs t ion  in  the red o o l h  of dogcr, 

E'urthz=more, it -8 found th8t 

Conaoqusntly, 

In 5 dogs, the n o m 1  phospholipid t o  free oholeatsrol Patio a r i d  

only from 2,4 t o  Z06, 

BeSOg04EZ0/61~, however, this  r a t i o ' s h m d  a aonsistont dowmmrd trend In 4 

of 5 animnls (See Table 2 and Figure 1, Ehgos 60 and 68j3 A t  the end of the 

During daily inhalal;ion sxpooure t o  30 mgo 

experiment, v~~lues wre st i l l  dec~sasing,  probably indicatilzg that the ex- 

periment &as not cf suf f io ient  duration or that a ohmnio phase -8 setting 

i n ,  A drop of O o 2  Cmib during a period of a week a p e r a  t o  indicate an 

unfavorable prognosiso 

f1226 may perhapu ho explained by the fa& that only minim1 tissue danrge 

wms observable by either biochedaal study or gross pathologya 

Ths reversal of the usual downward trend by dog 

The reaaon f o r  a dealin0 i n  phospholipid t o  free oholesterol rat io  

in dog red mils  but, an inoreaae i n  t h i s  value i n  rabbits is not clearo 

Sffect of Supgrimpoa~d Boryllium ZXFO~~LWO on Tubroulorin in Quinoa Pig131 

In 1935 bornis and Bogan (1) roporbix an o h n o i n g  e f f eo t  .of various 

soluble beryllium mmpcmnas on the exten* of tuberouEou8 infeation in 

pines  pigs and further suggested the treatment of guirea Digs with beryl- 

lium to increase tho sens i t iv i ty  of th is  animal i n  test ins  tubetculoua 

sputum0 Because {Jf' th i s  veport and .the present industrial interest in the 

tox ic i ty  of berjlXiuE?, L t  was thought advantsgsoue t o  oonfirm th i s  obaervation, 

(1) loomis, A, Bo and ljoggn, Eo The Eiological Effects or' 3erylli\oao Amo - Rev, Pdberculouis ,, 52 475-460 (1935) - 
- 
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Table 1, h b b i t e  InJected fntmvenoualy with 
2 IW ~ e s o l + - 4 y 1 ~  

Rtoepholipid t o  Free Cholestemh Rati3 in the R4sB Blood Cell 

.. 
21 Dap 35 -a 

8 

11 10 206 2*h* 

20 6 2.5 2.4 2 .3 

2.4 2.4 20'4 2 e 2  1230 

1231 2,5 2-3 2.2 2.OQ 

1225 2. 11 2,4 2*5 2.8 

1225 I 

641 

965 

967 

968 

956 

825 

l%ospholipid/Free Choleaterol 
control 14 ~ a p  after Injection 

4 e 2  

3.5 

3- 7 

30 6 

3.2 

3 00 

Table 2. Dugs Thpossd by Znhrdatlon t o  30 mg/d Level of 
~eS04-  4~s 

Fhepholipld t o  Free Cholesterol Qatio in the Red Blood Cell 
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Equal numbers of male and female guinea pigs were se lea ted  and dis-  

tributed among groups of 10 eaohb 

M. tuberculosis,  strain H37 (ATCC 82361, 

One group m s  infected w i t h  0,605 mg- of' 

These animals s e m d  a8 oontrol 

infected anbztls, Two other group8 of guinea pigs received t h e  tuberculous 

infeot ion i n  doses of 0,5 and 1 mg, subcutaneously and intra-abdominally, 

respeotively, and in addi t ion  reoeived weekly exposure t o  beryllium sulfate 

at a oonoentration of 60 mg/ms for from 2 t o  6 hours h i l y ,  A 4th group 

rooeived no in fea t ion  with tuberoulosis but m a  exposed t o  beryll ium uulfab 

onlya A 5 t h  group rsoeived neither infaobion nor exposure to beryllium 

sulfate and served as n o m 1  weight controls  for t h e  e n t i r e  group, 

posure t o  beryllium was oontinued f o r  & montha. 
Ex- 

Teights  were taken weekly 

and o b e e m t i o n s  mere continued f o r  o period o f  4 months from the start of 

the infeo t iono  At %hi8 time autopsies  were perforned on the animals and. the 

r e s u l t s  of previously obtained nodular s i z e  cor re la ted  with the h is to logio  

r e s u l t s  from s ta ined  sec t ions  

The  rnicrosaopic examination cf the tissues of  the  Sinoa pigs f a i l e d  

t o  show that mekly oxposurss t o  50 &m3 of beryllium s u l f i t e  had 

effect on t h e  COU~OG of tuberculosis in $ha guinea pig,  

draining the area of i d s c t i o n  showed i n  a l l  croups the same type of tissue 

--- .- - 
Tha lymph nodes -- - -- - 

react ion,  mmly proliferative tubercles  YO.^ of which were caseous. The 

limr ind spleen of a f e w  animals in each of t h e  3 infec ted  groups con- 

tuined a fen tubarc188 of ailiary sire and of pro l i f e ra t ive  typo but  no sig- 

n i f i c a n t  differencrea between the  groups a lthough the dosage act txrbercle 

b a a i l l i  among the groups differad nridolg., 

No pulmonary tuberculosis  m 6  found and ths  p u k ~ n a r y  lesions usual ly  

o b a e m d  from ths inhwlation ofbrylliuzl sulfite were eikher  m i n i m a l  or 
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absent; t h i a  finding has been predously observed i n  the guinea Dig whioh 

I s  a r e l a t ive ly  reristant. animal t o  inha la t ion  of bsryllitrm dus t ,  Acoor- 

dingly, it may bs conoluded conversely that "*he tuberuular i n fea t ion  did 

not predispore guinea p i p  t o  b e r y l l i u a  poisoning, 

The findings at gross autopsy and measurement of nodulsr a iceD =de 

throughout the study, showed no differenoee a t t r i b u t a b l e  t o  t h e  d i f f e ren t  

treatments among the groups, Moreovero t h e  might response of a l l  t r ea t ed  

groups showed a parallel rise in growth following the third weak of the 

Study which %ma at a l l  t h e 8  so~nmhat less than that of the untreated oono 

troiso 

of all groupso 

w i t h  the hiatologio findingso 

The beryllium-sxpossd antlaala shoued the poorest growth response 

In &8neral, hammer, the weight response was consiotent 

These r e s u l t s  with experimental animSl8 agree with the general im- 

pression of industrial physicians t h a t  beryllium workero wi th  tuberoulosis 

are not  more suaoeptible t o  beryllium poisoning, 

Effoot of Beryllium on Isolated C e l l s t  

Beryllium, exoept in high conoentzationa (OoO1 M) h d  no affeot  on 

the rate of growth and ce l l  d iv i s ion  of e i t h e r  Ijakerqs p i s t  o e l l s  or E,ooli 

i n  n synth8tiu m d i u n o  

Mechanism of t he  Deposition of Beryl l ium i n  Bonat 

Beause d i s t r i b u t i o n  s tud ie s  have 5 h m  beryllium ta be depoeited i n  

bone, a fiw preliminary experiments have been uonduutod t o  ou t l in s  the 

maohanism of its deposition, 

l i u m  in physiologiool solut ions is so low that chramiael methods for the de- 

termination of be4lli1.1~1 w i l l  not  avail in the so lu t ion  of the problem and 

These indicaks t h a t  the s o l u b i l i t y  of beryl- 
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Seotlon Code: 3210 

Quantitative Mioroanalvtlu &ithod for Thorium: 

A rap id  c o l o r h e t r i o  method has been developed f o r  the determination 

of thorium i n  microqua&ities, 

complex with carminio acid, the color ing matter of ooohinaal. 

of color  i n  the  so lu t ion  depands upon the coneextration of thorium and of the 

reagento 

27;47 (1939)) who reported that thorium could be detected through the produo- 

t i o n  of a blua oolor with  t i n c t u r e  of  coahlneal in nearly neu t r a l  so lu t iono  

In m i d  solut ion thorium ions form a uolored 

The i n t e n s i t y  

b 

The method is an  extension of a n  o b e e m t i o n  by Back ( ~ k r o c h e m i s ,  

Carrninio aoid is a complez polyhydroxy anthmquinow Oorioative f o r  

which Dimroth h e  proposed the s t ruc tures  

. . .  

(1,3,4,6~~etrahyd~~02ogluoosidyl-8cnethy~=anthr~.q'Linonoo6 =oarboxylio 
aoid) ,  

fn the oam?lex formed with thorim ion, the coordirat ion nuher is 4, tb 

88~36 88 the valence of thorium, The dye is an indicator  over the range of 

pE t o  6,Z w i t h  pK'J at about pH 5,,5, the color  changicg from orange i 
througlh. red and a g e n t a  ?o purple,, a solutiolls  i n  which the ooncentratlon - 
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of the thoriumeanninio a c i d  complex is  corstar; t ,  t he  intensity of  color i o  

a function of the pH,, 

of catmini0 aoid aloneo 

The piEf i s  shi f ted  toward the ac id  range frorb t h a t  

The optimum pH for application t o  t h e  deterrmina- 

t ion of thorium is  about pH 4,4, and is determined largely by the daaira- 

billty of keeping the blrnk oorreotion low, 

of thorium ion between 0 and 20jqg/mloO at aonshnt pHo the  re%atlon be- 

tween oxtixction and tSorium ion conaantratlon foPlms tha Beer-.bbert 

In the range of conoentratlonr; 

-0  

Spectral absorpklcn curves were Eaeasured with a Hsclcnnn !&dol "@ 

quartz speotrophotoIMster, using +he %Puo Hensitlve'a photccall  and 1 omo 

Corox cuvetteso The &ree~eat difi'eronoe i n  absorption batween tho carninio 

aoid  solction and that oolltaining khorim ion oocurred at about 580 yo 

Using the B8c-i quartz speotrophotoizeter, the naximUrn 6 e m i t i ~ i t y  of the 

method is om part. of thcrium in 500,COO. 

4,496 2 38, Y i t ~  the i;lett-Smbarson. Thotoeleotric col'orimter using a 

Farrand interfdresse f i l t o r  7.d.e. mi;:: 

sens i t iv i ty  

change in  !k'h+ct-1. concorhx t ion  ( lLpg/xl)  is about 31 eoafs units, 

me nolecular erc'cinotion, is 

..: trawnission at 575 yo the saximal 

one park ic C0300300 -.& okcge  i n  opt iaal  d a n s i t y  f o r  unit 

In the  prooedum r"icil1y alopted, 1 ml, of 8 O o l C  per  oeut aqueous 

Rolution of oarminiu w i d  (about 2,,84 A lou3 M solution) i s  ueed i n  a t o t a l  

vol7me of 10 ml, of a solution buffered at pH 4 A  uith ?d2 XHC&O4 -NQOH or 

IlOOCoCHJ=-~riOOCoC&~ nodim acstato and contzining 25 t D  200 y g  total  

thor:m io=, An advantags of the method is tmt t he  oolors& cmplex be- 

+;Jeten thorium end carnFr?ic aoid f o m  almost inatantanaou31:.r3 so that the 

necessity Zor b a t i n g  i n  order t o  accolcrate d s v o l o p e n t  of coior is elimi- 
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The ccQp;ll)n anions which form wster-soluble sa l t s  with thorium ion 

do n o t  interfere in the determination, 

i n  the presence of anions whioh precipitate thorium as water-insoluble 

salts> e.g-., fluoride, carbonate, h y d r o q l ,  phosp!m%es, tungstate, molybdate 

iodate, and moat orgenia acido exae-pt acetate and phthalate- In addition, 

the method cmnnot be used i n  tho presence of certain organic anions, e o g o f  

oitnrte and t w t x a t o ,  whlch oomplax with  thorium, and in whioh the strength 

Tim method carnot be used, however, 

of the coordinate bond i a  greater than that between thorium and oarmiaio 

aaid,  F ~ ~ G U S  and ferric  iron ami &minum interfere aerlously In the de- 

. .  

trsmination of %harime Thing the Klett-Suwmersen photoelsotrio aolori- 

metar, +he sensitivity of the method for ferrio iron and for aluminum i a  
I .  

1. - . ..- 
*-_ 

. - ; p ; y i  
9.i.F .'r . 
...: , . 

one part i n  400,0000 

colored comploxes with  e o d n i c  acrid, but t b  sensikivity of the method for 

Tungsten, molybdenm, urmltllp, and rirooniwa form 
- _  

*-  * 5 #  
v '  . t!ie detoction of theca ca t ions  i s  lm coqarad w i t h  t b a t  for  the determiaa- 

t i o n  of thoriumo 

Problem Codet !El,% (9ioxic g f e o t s )  

Section Codor 3210 

ahaubsr 6 houro 

d idx ibut ion  of 

25 femla mioa, 
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pigs, and 3 rabbita,, The purpoae of t he  experiment ma k, d t t a r d a e  whether 

acute tox ic  effects are produoed by inhalation of thorium nitrate dus t  i n  

relatively high conclentration, 

The thorium nitmte was dispersed in t h e  eqposurm ohamber as a dry 

d m t  preprod from material  prohased from the  Ikprood Chemical Companyo 

Since this material was processed more than 2 years ago, it contained 

appreciable amounts of mesothoriumo 

wood product by t h o  National Bureau of Standards indicated or purity o f  

99 par cent on the'ksis of the reported 47,28 pr  cent Tho2 content  and 

aosumptim that the compound! is hydntod  with the equivalent of 4 molclO of 

mter of n r y a t a l l i ~ a t i o n ~  

by grinding t d c e  throu@* tho Bantam miaropulveriter, S h o o  t he  rcaterial i r  

qu i t e  hygroseopio, dry nitrogen was used in dispereing the dust0 

Spotrographio analysis of t h e  Ahyo 

The dus t  was prewred for dispersal in the ohamber 

The cnixca2a wet3  plmesd i n  P conditioning ohmber 6 hours daily for 

10 days during a two=u~ek obssllration yariod before baing exposed t o  t h e  dus t ,  

%'he weight reeponse of t b  animals, and henntologio and bioohemiaal data 

w 5 r e  obtecinad at scbduled intarpals during both t h i a  conditioning poriod 

and the period of expocure,. 

conoentration i n  the cbm-ber was 87 mg/slso detorndxmd gra.r lxetr iaal ly ,  

During the  exposura p r i o d  the daily mean dus t  

A r  

a c h c k  cn the p v i m 2 t r i o  method, not less than 4 spot  samples were taken 

+airy for quantitative chemical analpis by niew19 of -:he newly developed 

c o l o r h e t r i o  mthod fop t lor ium usin& carmmio acid, The r svu l t s  of these 

analyses s h m d  that ths cham'oer concentra%ions determined g m v h a t r i c a l l y  

wer@ uniformly high; fron the chondcal dehnnFnations, the d a i l y  men dust 

conoemtmtion m e  calculated to  bs 7 4 3  &m3. The diffarence beheen the 

oonoentmitim determined ohomioally and t h e  r e s u l t  by gravimtrio determination 
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is due to the hygroscopicity’of the thorium n i t r a t e  dust and a certain 

anaount of unavoidable nuisanco dust. 

No deaths oocurred during the exposure period and a l l  of the ani- 

xmls were eacrifioed terminally for pathological exaslinationo Gross e&- 

nation at  autopsy revealed moderate pulmonary damnge of hemorrhagic nature 

in a few of the a n h l s ,  but i n  most of them, the lungs appeared t o  be 

normalo 

the period of exposure froa that during ths conditioning poriod, 

The weight c u m s  e h m d  no signifioant ohange in trend during 

The bio- 

. ahemhat data also fa i l ed  to  reveal evldenoe of toxia effaotno 

analysis of the hanatologio findings indicated that there ‘1w8 8ome dis- 

?rellminary 

turkme of helaatopoiesis In a few of the a n h l s ,  although i n  the majority 
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FLUORIDE 

Problem Code: Fo3 (Toxic Wmlts) 

Seotion Code: 3210, 3230 

Aoute end P i l o t  Feedine: Studleer 
~- ~ 

The feeding of sodium f luo r ide  

and O,2 per oent WBS continued during 

elapsed tims on the  d i e t s  raaohed six 

t o  rats at  d i e t a r y  levels of 0002 

the paat  quarter  until the  t o t a l  

rr?onthso A t  t h i s  point a l l  rats were 

raor i f iced  with the  excep-kion of those on the cont ro l  d i e t  and those on 

t h e  0.2 per oent level, and speoimns of tooth, root,  orown and inoiaoro 

and epiphysis, diaphysis and a lveolar  bone removed for f luo r ide  analyeis, 

The control rate and thoee an ina l r  on the 002 per cent l eve l  w i l l  be given 

a 21=day LDSO dose of uranium n i t r a t e  to deltermlne whether or not t h e  in- 

creased f luo r ide  intake has increased the realstanas of t he  rat  t o  uranium 

toxic i ty .  (For f u r t h e r  discussion of this issuo see Problom Cod8 Fo4, 

EBge 7 4 ) o  

The urinary f luo r i ze  excret ion data for the sixornonth period indioate  

that immsdiately after having been placed on the  ' f luoride diets ,  the  l a w 1  

o f  fluoride i n  tho urice increases shadi ly  u n t i l  a plateau is reached. An 

I n t e r n 1  of 23 days i s  required for those animals on the 0002 per cent diet 

t o  reach b~ f a i r l y  consbnt output. 

of iabke i s  a p p r o x k b l y  0,s mgo F/total volmte of urine elcarekedo A 48s 

day period l e  raquired for those animnlr reoeiving 002 per oent sodium 

f luo r ide  t o  ehuw 8. plataau i n  urinary outnut) the man oxoretion f o r  this 

plateau is approximts%y 4 3  mg. F/toJcal voXume of urine excretedo 

The m e n  of the plateau at t h i s  level 

It ai11 
- 
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FIE 
be noted that t h i s  is a nine-fold inoream in the urinary lerel  of fluoride; 

the dietary level  is tendold inoree8eo A oomplete report on these feeding 

experinasnte will be prepred upon oompletion of the bone analyses and 

uranium toxic i ty  studieso 

Toxioity o f  Sodim F'luoride by Ingestionr 

llsta are presented from tan experiment i n r h i o h  groups of male and 

fenale rats (5 or 6 of each sex per group) were f e d  various dietary l m l r  

of NaF for a period of 6 monthso 

F i r s t  3 Weela o f  E x w r b a t a l  Period 

I Stook Bet 0/6 0/6 59 67 16 4 130 95 75 

I11 002 % XaF 0/6 1/6 64 63 90 78 + 32 28 

I1 0,02$ &F 0/6 0/6 61 66 163 144 4-302 88 

IV 0 * 4 $  NaF' 8/b S / s  58 56 

V 100% lid? 6/6 6/6 58 56 
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From 3rd Seek to End of 6th gonth of Experimental Period 

11 Stock Met; 0 863 144 290 211 +I27 67 

I11 002 5 PiaF 0 90 78 232 844 t147  +66 

IV (all dead) 

V (all dead) 

0 163 144 293 220 6.132 + 7 S  
t r o l  group) 

Data are pmsentod *om an experimntivhich I s  st i l l  i n  progress in 

which groups of 5 male and 5 female m t u m  rats (6 mntha old} have bean 

f e d  various d i e t a r y  levels of N a F  for EI p r i c d  d' thrae *xeekso 

Table 2, 

Initial Bd, Pit, Bd, :'it, (3  w'a) Bd, Wt, Change 
]lortaliby .!ivmap,e t g )  Ayerage (g) - 

Diet $ '3 Ci" Y 
_I 

- 2 + s  

291 i90 

201 288 207 

Sodiun fluoride is unifo.-sly lethal t o  r1t3 when inoorpmated in 

tb diok at  a Level of 0,d p r  cent or greater, A t  U.,2 p r  aoxt  there is 
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SectioE Codeg 3210, 3220 

Fluoride IletaboPismg 

MewbEy,h Zttidyt Tke data reported previously i n  t h i s  study have 

been extended t c  include n l a rge r  numbor of cont ro l  (Rochester) nonefasting 

samplej;, The results of  the stu6y are summnrizod as follows: 

1, The mean blcod f luo r ide  level, for non-fasting samples of a com- 

nunity whose water supply contains approrimatoly 1,3 F I ~  F is  s i g n i f i c a n t l y  

higher (by a faator of' 2,8) than  that of a cornunity whose Prater supply 

contains ap?roximtely O,C6 ppn F, There i s  considorable overlap?ing of  

ind iv idus l  sanpies i'rm the  4x10 groups, hmrever, 

2, T h r o  is a s ign i f i can t  difference betwsen t ha  means of f a s t i n g  

rind non-fastin;; blood samples drawn f rox the saim papuletion,, 

3, Tho man r;ri,%ry f l u o r i d e  levels f r cm these .hvo cornunities are 

i n  reasombly Eocd rigreernsnt wi th  the  l eve l  of  f luor ide  i n  the cornunity 

water aupply, 

di-riduill semples, hawsver, at  the  level of 1.,96 p p  F in the waterc 

Considerable va r i a t ion  about the  mean e x i s t s  among the  in- 

A 

sunnary of the data is shown i n  Table 7. (%gr 73)" 

After dec la s s i f i ca t ion  these data were greaented i n  th3 form of  a 

paper a t  th3 26th Canoral Xoeting of t h e  Icternational Association for 

Lkntal Researcho 

Kidnsy Gjsfunction S t ud i s s  : 

btc. ~ s i a t i v e  t o  the excretion of f luor ide  by the norm3 and abnomal  

hmnn kidney Ins been extended t o  includs a p t i e n t  afflicted :vith chronic 

glonerulonepiiritis. ,I sun~mry of t h e  data obtaincd t o  dats is presented i n  



73, 

S a n P b  

Vater supply 

Urine 

Non=fasting blood 

Fasting blood 

LIean Fluoride 
Rochester 

0006 

0.06 

0,ou 
0,003 

1.36 

1.12 

0.04 

Table 2. Effect of Kidnov Dm flmctlon on 
Urinnrv Emretion of Fluoride 

Condition of 
KidIlCW 

Per Cent Iiecovjry i n  
U r i n e  of F l ~ r i d ~  

Added to W b k i m  \'later 

000 

* No rend lneufflciency 
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m y  be a c l in ica  index o rena l  funation s ince  the damaged kidney appears 

either not  t o  excre te  ingested f luor ide  o r  t o  excrete  decreased amounts 

f'rom n o r m l o  

~n inves t iga t ion  of the a b i l i t y  of' the uranium damaged kidney t o  

excrete f luor ide  has been i n i t i a t e d ,  using rabbits as the  experimental 

animl, 

f luo r ide  by those animals whioh had reoeived a single  subcutaneous injeo- 

tion of uranium n l t r a t o  decreased a8 t h e  damage t o  t he  renal t i s s u e  inoreared; 

the exoret ion then returned t o  i t a  o r i g i n a l  l eve l  a e  the b g e  wus re- 

paired, 

The data avai lab le  t o  date  indicate  t h a t  the  ur inary  exoret ion of 

The minimal exoretion l eve l s  noted ranged from 7 t o  23 per cent of 

the q u a n t i t i e s  being exoretad pr ior  t o  the in j eo t ion  of the  uranium n i t ra te ,  

A seoond f inding in t h i s  rtudy suggests t h a t  f l uo r ide  may posse88 

t h e  a b i l i t y  t o  pro tec t  aga ina t  the toxio ao t ion  of uranium, 

that two of four a n i m l s  given the uranium i n j ec t ion  only,died shor t ly  

after adminis t ra t ion o f  the  uranium, whereas no m o r t a l i t y  was obtained in 

the four animals reoeivinc 15 ppn f luor ide  i n  the drinking water and a 

s ingle  suboutaneous in j ec t ion  of uranium, Blood urea nitrogen determinations 

a l s o  support  t h e  protect ion hypothesis, s ince the  urea nit rogen levels of 

the  animals reoeiving only the uranium s h m d  Q twoofold inorease over t h e  

urea nitrogen levels of  those rabbi t s  receiving both uranium and f luo r ideo  

It war found 

Further work is  being planned to oorroborate and extend these f ind ingso  

Urinary Fluoride Outpu% in Beryllium h e u n o n i t l s  E 

The ur inary  output of f luor ide  added t o  the drinking water of  three 

pa t i en t s  h o s p i h l i t e d  with beryllium. pneumonltia has been determined for 

periods of 15 t o  30 days, 

the eff ic ienay of the urinary excret ion of t he  added f luor ide  u n t i l  

Definite oonolusions cmnnot be d r a m  regarding 

- 
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s u f f i c i e n t  oontrol dnta f o r  aomprable periods are available from norm1 

individuals,  Such data are being col lected,  

Blood Fluoride  b v e l a  Following Exposure t o  Hydrogen Fluorides 

A preliminary inves t iga t ion  of blood f luor ide  f e v e i s  folluwing ex0 

posure t o  hydrogen fluoride has h e n  completed. 

were exposed t o  approximately 29 mg. EF/m3 for i n t e r n 1 8  of 6 t o  30 hours; 

In t h i s  skudy rabbi ts  

blood f luoride levels were then determinsd after each day o f  exposum, and 

f o r  several days after t snnina t icn  of  the exposureo 

that exposure t o  hydromn f luor ide  at a conaentration of 29 mg, fiF/m3 pro- 

duces a definite increase of fluoride In  the  blood, a ten-fold inorease 

The r e s u l t s  indioate  

above the normal being noted i n  ooveral of the animalso The levels are 

s t i l l  abnorml ly  high a t  l e a a t  three day8 af te r  the a n h l 8  have been rw- 

moved from the  hydrogen f luor ide  atmosphere; normal ve.lue8 are a e i n  found 

six dnys after termination o f  the  exposureo 

Bone Metabolism B 

The meohanism of  f luer ide fixation by bone h a  basn investigatedo 

Under proper exparimental conditions, f l u o r i d e  i on  undergoes ion ic  exchange 

with hydroxyl ions,, 

concentration of caloiwn end phosphate, is i n h i b i t e d  by sn inorease i n  

hydroxide o r  bioarbonate concentratlonu 

This exchange i s  uninfluenoed by variations i n  the 

UR 00710 



PROGRAM S o M o  
. -: , 

SECIAL XATERIALS 

Problem Code8 

Section Coder 3210 

S,h1,5 (I@chanism of Toxic E f f a c t )  

Acute Toxicity o f  Zirconium by Injectionr 

Ziroonyb nitra+,e, (Bakerca Technioal Grade, ZrO(N03)202HzO) when 

injeotod in t raper i tonea l ly  i n t o  mice (groups of  4 per dosage h m l )  ha8 

eiven an tD50 roughly o f  the order of 450 m&, The concentration of 

the aolutior, l n j e o t e a  wae 50 mg/oc, in H2OO . . . . .  .. .... : -...... . - 
' .;*:e:* 

' 1 rm",,:, . . .  ..i. . . . . . . .  

.... 
:, . . I*-'-- 

. . -  . . .  '. '; :id 

. . . .  " L  
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PROGRAM I o S  o 

IS OTO FZ.5 

?roblea Code E 1,s .1 (Tracer Chemistry) 

Section Coden 3120 

Studies of Protein Bbetabolism i n  t h e  Dog Using Ci4 Labeled DL-Lysine, 

The Distr ibut ion of C1* Activity 24 Hours Afto r  Ingestion of 6 C 1 4  Isbeled 

DL-Lysine : 

\.I I, 

Background: As a r e s u l t  of e a r l i e r  s tud ies  by Schoenheinor e t  a1 (1) 

it was concluded t h a t  the e s s e n t i a l  amino acid Lawsine WRS incorporated 

i n t o  the t i s sue  and blood proteins of t h e  rat without undergoing transami- 

n a t i o n  and mithoui; exchanging t ho  &pY o r  hydrogen atoms of i ts  aarbon 

chain, 

makes i so topioa l ly  labeled lysine a useful  reagent f o r  labe l ing  protein. 

This has been referred t o  as the  metabolic iner tness  of , l y s ine  and 

and for s tudies  of protein metabolisme 

Helmkamp e t  a 1  ( 2 )  have synthesized and mde ava i lab le  f o r  our use 

DI, iysine with CL4 i n  the  f carbono With this compound it i s  possible t o  

study not  only the  fate of the  lysine molecule as a Whole, but also t o  

detec t  conversion of the  Sysine carbon chain t o  other intermediary metabo- 

l i t e s  0 

%tai led  data on the d i s t r i b u t i o n  of labeled lys ine  i n  the  various 

t i s sws  end blood protein fractions have not been obtained. It is  the pur- 

pose of this study t o  obtsin such d a h ~  

(1) Schoenheimer, R o o  et; a l ,  J. Biol, Chem,, 1402779 (1941), 

UR 00712 



Ibttfioc!: A dose of b C l 4  labeled DL-lysine was fad w i t h  a small 

amount of lean neat to a normal a d u l t  dog that had fasted ?or two daya 

previously. The dog was then placed i n  an  a i r - t i g h t  ct.lamber through whioh 

a continuous stream of room a i r  was drawn, 

A carbon dioxido absorption apparatus was arranged so that  every 

2 hours a l l  CO2 in the air  from the chamber cou1C be absorbed in s t rong  

potassium hydroxide for a period of 30 minutes. Twel7e C02 saniples were 

ob+ained i n  t h i s  m y ;  

Tho dog remained in t h e  chamber for the  24 hours of the experiment 

except for brief i n t e rva l s  of 5-10 minutes a t  the  olose of CO2 co l l ec t ion  

periods f o r  the renoval of blood samples drawn from the ex te rna l  jugular  

ve in 

At the end of 24 hours, under light ether aneatf;esia, the dog waa 

exsanguinated, and p r f u s e d  wi th  LocIceQs solution t o  mmov8 res idua l  blood 

~ 1 1  viscera  were romvod, care being taken t o  avoid oontamlmtion 

Tissues were preserved by f reez ing  and re- w i t h  urine or bowel coEtontto 

f r ige ra t ion ,  and prepared f o r  assay by heat drying:, vneuum desaicatlon, 

o r  lysophi l ing (brain,  lung, l i v e r ,  kidney, th igh  muscle,, and tamporal 

muscle)o Qsophi l ing  gavo the  most s a t i s f a c t o r y  t ibsub preparations. 
4 

m e r e  albumin and globulin f r ac t ions  were studied,, the  p l a e k  was 

t r ea t ed  with 26(,8 p r  cent s ~ d i u m  s u l f a t e  accordine t o  t h e  procedure of 

lSajoor (4): t h i s  procedure, p rec ip i ta tes  a l l  glo'ralins an6 leaves only al- 

bwnin i n  solution. Other aliquota of plasm were treated with appropriate  

(4 )  Wjoor,  C, Lo H, J, B i o l ,  Chem,, 1690583 (1947).; 
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volumes of saturated 6Cdlm chloride to e f f e c t  half saturation wi th  sodiun 

chloride and thus prec ip i t a t e  f ibr inogena 

Chemical albumin t o  globulin r a t i o s  wre determined by Kjoldahl 

ana lys i s  of a l iquot8  of the same plasma and albumin solut ions t h a t  were 

used f o r  $4 as8ayo The globulin p rec ip i t a t e s  were assayed f o r  C1* 

d i r e c t l y  a 

Aliquot8 of the expired C02 i n  potassium hydroxide Orere converted 

t o  barium carbonate and assayed for C140 

A l l  C 1 4  assays were ca r r i ed  out  after wet combustion of sample8 by 

t h e  method of Foloh and Van Slyke ( 5 )  by using the  apparatus developed by 

Bale 0 

Resultsr  Io 

gest ion of GC1* Iabeled DL Lysine: 

The Distr ibut ion of  C14 A o t i d Q  24 Hours after In- 

The dose fed contained 6,OO x 103 volts/bin,* a o t i v i t y ,  

A. The 24-hour urine mas found t o  contain a t o t a l  a c t i v i t y  of 

1970 volts/mino or  33 per cent o f  the dose fed,  

Tho a o t i v i t y  of the expired CO2 rap id ly  increased after Bo 

feeding to a maximum a t  about 12 houre later, then was 

mir&ained, dropping s ign i f i can t ly  in the  last  of the twelve 

2-hour periods, (See Figure lo  Wge SO), The total  80- 

tivity of the  expired C O ~ w a s  estimated by multiplying 

the t o t a l  a o t i v i t y  of the 30-minute aanples by 4r 

( 5 )  Van Slyke, D. D, and Folch, J, J, Biol,  Chem,, 1360509 (1940), 

* (Vol t s ,ddn~(1 ,88  x lo4) = d i 8 i n t e g r a t i o m / h n 0  (Vofts/dn) x (8046 
x 10-3 ) s microcuries ., 
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4 f 4 2 C , 8 )  = 1675 volts/min; 

This corresponds to: 
9,675 x io0 
G,OO x loss 32,G of the 

dose f ed  

C, The C'* ac t iv i ty  o f  the blood plaams, and the d i s t r i -  

bution of a o t i v i t y  i n  non-protein, albumin, globulin, 

and fibrinogen f rao t ions ,  (See figure 1, Pege 80), 

l r  The t o t a l  C1' a c t i v i t y  reaohed a peak of 

35,s volts/min.hO rnP, plasma i n  the  6-hour apecf- 

men.- 

mum ac t iv i ty  i n  the plasma corresponds t o  

Assuming a plasma volume of 500 AI~, the - maxi- 

5 (35.5) x 1 0 0 ~  2,96$ o f  the total doss f edo  rn 
2, The c14 a c t i v i t y  of the "non-protein" f r a c t i o n  

reachas a psak of 20,8 volts/minhOO ml, plasma i n  the 

6-hour s?sci...en and drops t o  3,6 volts/iin/100 nl, 

p l a s m  in the 21-hour spci270no Thus, et t h o  close of 

the experinent, th3  Rct ivi ty  i n  the non-protein frac- 

3..6 x 100 51 15~33 of the total plasma r o t i v i t y o  

The ~ 1 4  sct iv i ty  of t he  t o t a l  ?leis= prote in  

m 
3, 

rioes rapidly ( w h i h  the non-protein fractionPe ac= 

and then rises more slowly af tor  t h e  f i r s t  6=how t o  

attain a mximm actit-it;r of 19 volts/min/IOo m l ,  

p l a s m  a t  24 hours, corresponding to 84,2 por cent of 
500 ( 1 9 - 7  

of the total x t i t - i t y  fod ,  - 
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4, The C 1 4  act ivity of tha albumin fraction rises 

similarly to 5,3 volts/min,hOO nlc plasm at 6 hours, 

and then t o  a nkximum of 7-5 volts/min/100 mlo plasma 

a t  24 hours, This corresponds t o :  

503 x loo= 
1262 

43,5$ of  protein aativity at 6 hr, 

and 
7 ,s  x 100= 
p9,o 

when t h e  Cp4 act iv i ty  of t h e  albumin fraction mu 3,?8 

39,S$ of protein act iv i ty  a t  24 hrn 

705 

vo 1 t S/fni n/gm 0 

5 ,  The C1* act iv i ty  of  the globulin fraction rises 

similarly t o  608 volts/min/l00 nl, plasma at 6 hours 

and more gradually a t  

24 hourao  This corresponds top 

608 x 5 S 0 $  of t o t a l  prote in  act iv i ty  at 6 h r o  
12,2 

and 

1105 x PO0 3 60,5$ of t o t a l  protein act iv i ty  a t  24 hr, 
p9,o 

11,s 
and the C 1 4  act ivity of the globulin fraction m= 2,35 

volts /hidgn,  In  terms of C I 4  activity,  t he  albumin t o  

globulin r a t i o  i a n  

4 3 3  = 0,77 at 6 hi-, 
rn 
39 '.. 5 
eon5 = 0,65 at 24 hr, 

and 
- 

Chemically detsrmined albumin to  globulin ratios from the 

8am spc inem, ,  
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Total protein at 

Albumin at 6 hr., 

Total protein at 

6 hr, = 6,34 gm/100 m l  pdasma 

= i o 7 3  p / L O O  mlo plasm 

Albumin at 24 hr, = 2,28 p / l O O  ml- plasma 

60 The C14 ac t iv i ty  of the fibrinogen fract ion 

rises from 005 volts/nin/100 ml, plasma at 6 hr, 

t o  about 1,25 volts/nin/lOO m l ,  ~ l ~ . s m  a t  24 hr. 

Since the  plasma at the termination of  the e x p o r i -  

msnt contained 0,36 gmo fibrinogen/100 d, 

c14 activity/gmc fibrinogen equals 3,48 

the 
1-25 

vo P t s/min/gm 

Do The GI4 d i s t r ibu t ion  i n  t i s s u e s  expressed i n  terms of 

vol ts /po  d r i s d  tissue and volts/min/gm, oarbon i a  

shvm i n  the  following incompleta l ist8 

Volt s/min/gm vo l.ts/miz/gm 
dr ied  tissue carbon - 

Duodenum 1086 3010 

Jejunum 2 004 3010 

Livor 1054 3020 

Kidney lo49 2 086 

Lm2h Node ( ce rv ica l )  1G34 

Thigh W c l e  

r. 286 Brain 
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various blood and t i s s u e  proteins- The f inding o f  h ighss t  a c t i v i t i e s  i n  

the blood plasm pro te ins ,  smll i n t e s t i c  liver., and kidney 13 v+ry 

simiiar t o  previous:.y reported observations w i t h  other anino acids such as 

p;lycine and methionine ir, the rat, It i3 o f  i n t s r e s t  t h a t  :he brain which 

Pas been supposed not t o  metabolize amino ac ids  other than giutamio, ;?as 

an appreciable Cp4 a c t i v i t y  (mainly as lys ine) ,  

The large &o?ortion of fed C 1 4  a c t i v i t y  i n  t h e  ur ine  is  aooountable 

on tho basis of t h e  hovm fact  that t h e  unnatural i)-isomer of lysine is 

not u t i l i z e d  by the  organism as suoh, and when fed,  is excreted in l a rge  

measure unchanged, 

heimes e t  a1 (See Reference (l), Asge 77)# that D Lysine labeled w i t h  N16, 

This is i n  ageemant  with the o S s e m t i o n  of Sohoen- 

fed t o  rats, is mainly excrete6 i n  t h e  ur ine  unchanged. 

Tho very e a r l y  appaarance of C14 a c t i v i t y  i n  the expired C02 is a 

good index of the r a p i d i t y  with which oxidation of the  fed  d n o  a c i d  en- 

sues; a 1,rge por t ion  of  t h i s  a a t i v i t y  i a  probably derived from the oxidatiofi 

of the  D Xqeine, 

per m i l l h o l e  was of tho order of 06E volts/min, 

The average maxima1 s p s c l f i c  activity of  the expired CO2 

Ths cl* a c t i v i t y  of  the blood plasm proteins a t h i n o d  a maximum ne- 

t i v i t y  a t  the close of the  oxperimenz oorresponding t o  1 . S B  per cent of the 

t o t a l  a c t i v i t y  fed,  o r  t o  about 3,2 p s r  cant o f  the f ed  dose i n  terms of 

the  natura1 Isomerr, 

one-half t he  C1' albumin to globulin r a t i o  a t  6 hi-. and tmo-thirds t h e  C 14 

albumin t o  globulin r a t i o  a t  24 h r ,  

The ohemioal albumin t o  globulin ratio i s  approxistately 

This =lay be interpreted to ind ica te  

that nore lys ina  is incor?oratsd i n  I p n  of n l b m i n  than i n  k gmo of 

g lobu l in  and nay sing1:y be a r e f l ec t ion  of  the fact  t h a t  serm albumin has 
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I 

apGroximtely twice the l y  globulino The s h i f t  d m -  

ward i n  t h e  cI4 A/G r a t i o  a t  24 hr, implies t h r t t  ( fC ' *  lys ine  labeled)  

albumin rnoleoules are produoed a t  8 lesser rate than globul in ,  o r  expresoed 

otherwise that the mean globulin turnover is more r a p i d  than albumin turn- 

over., This Patter view i a  supported by the  n p p r e n t l y  more rapid dirappear- 

ance of  globulin $4 than albumin CI4 from the plasma of the  norm1 dog 

in jec ted  with C14  labeled plosma proteins,  (See nResults IIno Bge SS), 

It is of i n t o r e a t  that at 24 hr, after feeding the Dt lysine,  the 

fibrinogen fraction has an activity of 3*48 voIts/min/gm. whioh i s  ubout 

the s a m  ES that of the albumin fraction. Booause tho earlier fibrinogen 

f r a c t i o m  had such l ow a c t i v i t i e s ,  it is not f eas ib l e  t o  compare them with 

the a lbmin  o r  t o t a l  globulin f r ac t ions  at t h i s  ti-*. 

SUlWEU-y: 

lo DL-lysine labeled i n  the tf carbon with C14 has been fed  to a 

n o m 1  dog and the d i s t r ibu t ion  of a c t i v i t y  i n  expired COzo urine,  blood, 

and tissue p r o t e i n s  studied, 

Studies i n  ?rotein lletnbolisrn i n  the Dog Using C I 4  Labeled DL-Ly6ineo - IIo 

The Fate of C14 Labeled Plasma Trotoins 'iihen Injected Intravenously Into A 

Baokgroundr The study of Fink, ENIS, e t  al ( 1 )  made use of fed N1' 

labeled lysine t o  produce labeled plasm proteins  i n  a n o m 1  dog, and usad 

the r e su l t i ng  plasm f o r  injeotion i n to  normal dogs and dogs su f fe r ing  
' 

f rom shock inc identa l .  t o  i n t e s t i n a l  traumao In these experiments it #a8 

found tha t  the labeled proteins disappeared rap id ly  in non-logarithmio 

(1) Fink, R, M o o  Ems, T3# et a l ,  J, E x p o  ?&do, 808455 (1944)0 

- 
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ffl6hiOn with about 50 p r  cent gone from the plasm a t  24 hr, and about 

64 p r  cent gone a t  48 h r ,  

and Se2i-n (2 ) ,  using radioact ive s u l f u r  labeled cyst ine in plasm pro= 

t e ins ,  who reported that 30 ger cent of in jec ted  plasm -6 gone from tbs 

c i rcu la t ion  in  15 hours and 55 per cent was gone a t  48 hours, Likewise, 

Heidelberpr  e t  a1 ( 3 ) ,  has shown t h a t  r a b b i t  serum antibody protein 

injected into a r a b b i t  was removed from the o i m u l a t i o n  t o  the  extent  of 

30 per cent a t  23 hr, and 56 per c e n t  a t  48 hr. 

This was s imi la r  t o  t h e  observations of Fine 

None of the  above studiea attempted t o  compare the  e x t e n t  of inoor- ' 

poration of the isotope in the severa l  pltaslna pro te in  f r a c t i o n s  after fesd- 

ing  o r  t h e  ex ten t  of disappearance of these labeled f r a c t i o n s  when injeoted 
,"* 

t .-. 
$-- 

".a ' 

: .".T. 
:a>$: .. 

w i t h  whole plasmao $?& - -  

Edethods A l a r g e  portion of  the blood from the dog fed  C1* labeled 
2 ,. . . .  

lysine was heparinized, and the plasm was given intravenously t o  a normal 

rec ip ien t  dog, t o  allow a study not  only of the  disappearmce of the labeled 

$!;':;: 
A'[, ! t -.- 

plasm as a whole, bu t  a l s o  t h e  relative disappearance of the serum albumin 

f r a c t i o n  as oompared with the total globulin f rac t ion ,  Blood samples were 

:rjj .r*; .,- drawn at i n t e m l s  e o n  the m o i p i e n t  dog for protein f r a c t l o m t i o n  tind - ,, 1' 

G 4  assayo 

Uethoda of protein f r a c t i o n a t i o n  and C 1 4  assay were the sam as thoee ;., 

* f.: .. . 
".I..., _.. * * .  7 

' . .  '. 

.,&. ;" 
J L  ' \.,+ 
I . . I _  used in Zxperinent I, (See RiGe 78), 

Resultsz The graph (Figure 2, EBge 87) shows t h a t  30 minutes after 
, .~ .,- 

.4,,< r : 
the in jec t ion  of the C 1 4  labeled plasma tho a o t i v i t y  as measured d i r e c t l y  ;.3. . 

.. -..._ 
on the  plasm was 403 volts/min/lOO do of whole plasrmg 24 hours later, . .  

( 2 )  Fine, Io and S e l i p n ,  A a  MO J o  Clin, Inv,, 228285 (1943)0 
.L - -- (3) Hsidelberger, Ma e t  al, Jo Biolo ChemoO 1448555 (1942), \ - 
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Act iv i ty  
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m i n o  
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plasma 2000 

1000 

THE FATE OF C4 LAEZED PLASM PROTEWS 

dHJ3N INJECTED INTRAVENOUSLY INTO A N O W  DOG 

Whole Plasma 

/ Albumin &action 

Globulin Fraction 

- 

20 40 b o -  00 - 100 

Time in Hours After Plas ina  Icjection 
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the u c t i v i t y  was 2,s vo the a c t i v i t y  was 

2,O volts/min/100 do The ” h a l f - l i f e  t i m e ”  of the total p lasm on t h i s  basis 

is approximately 40.3 hr ,  

a c t i v i t y  consequent t o  the removal o f  p l a s m  i n  t h e  cow80 o f  samplingo 

These data were - not corrected for d i lu t ion  of 

The “half- l i fe”  of  albumin C I 4  a o t i v i t y  was approximately 57 hours,, 

and tha t  of t h e  globulin C 1 4  a o t i v i t y  was approximtely 37 hourso 

Mscuas ion~ It is s ign i f i can t  that the globulins as a group appear 

t o  be removed more rap id ly  from the plasm t h a n  t h e  albumin f r ao t ionD 

m y  ba a r e f l ec t ion  of the grea te r  ease with which the organism a n  elabo- 

rate and turn over plasma globulina as compared with albumin., 

Thlr 

S m m r y r  Intravenously in jec tad  C1* lysine oontaining plaem pro- 

t e ins  disappear rap id ly  from the c i r cu la t ing  plasma of a normal dog wi th  

the globulin f r a c t i o n  half gone a t  about 37 hours and the albumin half gone 

a t  about 57 hours aftor i n j ec t iono  

Studies in Protein b t a b o l i s m  i n  the DOF: Using 6 C1* Iebeled DL-I;yainso 

IIIo 

toneal  Cavitv of the ExDorimentallv A s c i t i o  D o e ~  

The Fate of  C 1 4  labeled Plasm Proteins Yhen Injected Into the Peri- 

Backgrounds Aaoitic f l u i d  he48 long been known t o  contain large 

amounts o f  protein which undoubtedly comes from the c i r cu la t ing  plasma and 

cons is t s  la rge ly  of albumin, 

?doKee and Schi l l ing  (1) have devised a simple teohnique o f  induoing 

asoites by surg ica l ly  obatruoting the  inferior vena cava above t he  d i e -  

phraem i n  the dog, 

( 1 )  XcKee, F. 17, et a l o  Fed, i+oco, 60396 (1947), 
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Tho axchang9 of t h e  protein i n  a s c i t i c  fluid w i t h  t h a t  i n  the p l a s m  

The a v a i l a b i l i t y  of  C14 labeled plasm ?Z'O- has not h i the r to  been studied, 

t e i n s  from a normal donor anins1 makes possible such a study, 

Bbethodg A large volume of C14 labeled heparinized plasma wa8 in- 

jec ted  i n t o  the peritoneal cavi ty  of  an asci t ic  dog t o  determine the rate 

o f  disappearanoe of protein8 from the  peritoneal cavit;r i n t o  the  blood In 

86Cit0So Samples of blood were d r a m  a t  in te rva ls  up t o  48 hours *t whloh 

time t h e  peritoneal cavity was tapped,  

then assayed f o r  res idua l  C1* ac t iv i ty ,  

The f l u i d  removed was meaaured and 

. 
Resultsr The graph (Figure 3, h g e  9 i p )  shows t h a t  CI4 a o t i v i t y  

appeared In the  c i roula t ing  plasma i n  detectable  amounts a t  2 hours after 

the  in j ec t ion  (1.9 per cent of  t o t a l  dose given), and reached 12,9 per 

cent of the  t o t a l  dose given a t  48 hours. 

of tho  t o t a l  a c t i v i t j  given f ~ a s  s t i l l  present i n  the  ascit ic f lu id ,  about 

55  per  cent must have been removed from the blood, 

Since a t  48 hours 3205 per aent 

Since the C14 a c t i v i t y  of the plasm rose only k o m  1,03 t o  1,22 

volts/min/100 nl, i n  the last 18 hours, and s ince the a c t i v i t y  of t he  ae- 

o i t i o  f l u i d  m a  Z O O  volts/min/lOO ml, a t  48 hours, a steady s t a t e  oras being 

approached i n  which n c t i v i t y w a s  being removed from the plasma as rapidly 

as it was entering the  pleamrr, 

Discussion: The rapid appearance o f  labeled p l a s m  proteins i n  t h e  

c i r cu la t ing  p l a s m  of  an a s a i t i c  dog a f t e r  these proteins Were injeoted 

i n t o  t h e  peri toneal  cavity indicates t h a t  i n  the process of  ascites form- 

t lon ,  the protein components of  t h e  apparently atagnant acoumulation in the  

per i toneal  oavity exchange rapidly n i t h  the c i r cu la t ing  plasma proteins,  and 

thus represent but  anoL5er demonstration o f  t h e  dynwdo r e l a t i o n  between t h e  
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ABSORPTION OF @ LABZLED PLASM 

FRobf PERITONEAL CAVITP: IN A S C Z T G  

10 20 3 0 .  hO 60 

HOURS AFTER INJECTION 

Dose Injected- 130 ml plasm (.33V/m/ml)= 43 V / d -  

Dose Absorbed = 43 ( U O O  x .020) = 43-3.4= 29 V/m 

Ascitic Fluid. u.00 ml. volume 



: l a t in :  plasm Droteins hnd other  pro te ins  i n  t h e  body-. Baclai se of the 

imi or:',3.vitios9 it vas not fsasibls to compare t h e  Cld sibumin t o -y , lobu l in  

r a t i o s  of  t h  circulat in;  p h s m  with those  o f  the in jec ted  p l a s m ,  to  

a s c e r t a i n  wnether the albanin exchanges more r a p i d l y  t b m  the g lobu l in  i n  

the  n s c i t i c  f l G i d .  

su=lq)rr In jec ted  CI4 Xysino lnbeled pro ts in  components of ascitic 

f l u i d  i n  canine experimental ascites are in d-ic exchange w i t h  the 

p l a s m  proteins i n  spi te  of conzinuous imrcmsing acoumulation of asc i t ic  

fluid 

Stud ies  i n  Protein l b t abo l i sm i n  t h e  Dog Using CI4 Labaled !X-Lysine. 

N, The I n t e r m e d i a n  tktabolisrn of Lysine# 

Background: The intermediary metabolic fate of the  carbon chain of 
I 

lys ins  is n o t  h a r m ,  although Q brief note  5y Borsook e t  a1 (1) reports t h e  

conversion of C1* l abe led  lysine t od - inoad i ; , i c  a c i d  Sy guinea p i g  liver 

s l ices  i n  vi tro ,  

The a v a i l a b i l i t y  of t i ssues  from a normal d o g ,  sacr i f iced  24 hours 

a f t e r  ingest ion of CI4 lateled DL-lysine, has made possible  a chemical 

study of the amino ac ids  I 3 0 h b l e  from t i s s u e s ,  h i r e  chomioal i nd iv idua l s  

oan then  be studied f o r  ,C14 content  ana s t ruc tu rz i  r e l a t i o n  t o  l y s i n e o  

B t h o d e  For tho i so l a t ion  of m i n o  aa ids ,  t i s s u e s  were hydrolyzed 

w i t h  20 per c e n t  BCL; the dicar5oxylio tmino ac ids  were removed from the 

r e su l t an t  mixture  with t!le anion exchange rasin Anberlite IRA4, and the 

bas i c  m i n o  acids by the ca t ion  exchanga resin m b e r l i t e  X R C A O ,  

(1) Borsook, iI, et ~ l ,  J, Diol, Chem, 173~420 (1.948),. 
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The lys ine  m s  

I 

hen i s o i a t e d  Q S  a styphnate, which a s  recryMtsl- 

l i z e d ,  and then comer+&< t o  crude lysine, .2IEL ( c o n h i m t e d  w i t h  sm19 

amounts of arginine and h i s t id ine ) ,  

t o  the picrate which m s  r ec rys t a l l i zed  and found t o  be free of contami- 

The lysine, - 2 X L  was then  converted 

nants on paper ahrcumtographyp A portion o f t h e  ly s ine  p ic ra te  was re- 

converted t o  l y s ine  -2HCL f o r  chernioal charac te r iza t ion-  

The  dioarboxylic amino ac ids  were i so l a t ed  a s  glutamic acid hydro- 

chloride and copper aswrtata by aocepted methodso 

Result8 g 

The Chemical Iden t i f i ca t ion  of the  Rcidioaotive Xatabolittls in T ~ s s u e a r ~  

The method o f  separat ion used i n  this atudy revealed t h a t  CL4 ac t iv i ty  war3 

present in the  basic amino a c i d  f r a c t i o n  (arginine,  h i s t i d ine ,  and lysine),  

i n  the dicarboxylic amino ac id  f r a c t i o n  (glutamic a c i d  &L? e s w t i c  acid), 

and also i n  the  monoamino-monocarboxyiic ac id  f r a c t i o n o  The f ind ings  for 

l i v e r  were typicalg 

ho The Basic Asino Acid Fraction: 

Lysine was i so la ted  as the  p i c ra t e  and converted t o  

lysine-2EL0 

no deteotable amino a c i d  oontaminants on paper c h r o ~ t o -  

gpaphy. Tha CI4 a c t i v i t i e s  of; 

Both had p r o p r  chemical constants and showed 

A g r a m  whole dried l irer = 1054 vobts/min, 

Baaio f r a a t i o n  f rom 1 pn, vhole dr ied  liver = 0.,930 volts/mino 

Lyaind equivalent t o  1 gms whoh dr ied  liversOo481 
volts/mino 

Basic f r a c t i o n  ac t iv i ty  unnccounted for by Ipsine1~0;449 V O l t 8 / d ~  

2% of' t o t a l  act ivi ty  
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14 
3 e  y s s i b i l i w  thnt arginine m y  be derived from lysine and contains C 

is b e i q  i n v e s t i p t e d ,  

B o  The Dicarboxylic Amino Acid Fraationp 

Glutamic ac id  was i so l a t ed  from l i v e r  as the  hydro- 

chloride and a s p a r t i c  ac id  as copper aspartate, Both had 

proper  chemical constants and contained no detectable  

contaminating amino acids by paper chromatography, Sinoe 

38,6 mgs, glutamio acid hydrochloride f r o m  the  l iver had 

,084 volts/min, ac t iv i ty ,  then the a o t i v i t y  i n  b gm, of 

l i v e r  (lO,Z@) may be e s t i m t e d  by assuming t h a t  liver . 

protein (I-) contains 11,4$ glutamic aoid (Blook) (2)o 

I O o 2  (6025)  (11*4) x (,,084) = O-.X98 vo9ts/mln/gmo 
dried l i ver  3806 ( 0 8 )  

00198 
This corresponds t o  x ( loo)= l2,% of t o t a l  aotivity 

i n  liver and on a mola r  basis, t he  glutamio acid has 

lSO$ of the  a c t i v i t y  i n  the l i v e r  lys ins  oompted as 

follows x 

jwl x (,084) = 0040 volts /min/ni l l iml  of glutamio r o l d  

Since 31,8 mgs, of l i v e r  aopper napartate  had Oa018 

volta/min, ao t iv i ty ,  then the  a c t i v i t y  i n  P ga, of dried l i ve r  

(lOO2%??) may be estimated by assuming that l i v e r  protein 

(16gN) oontains  a sp r t i c  acid, (Block) ( z ) ~  

(21 Block, R, Jo "The Amino Aoid  Composition of Proteins and Foods"O 



This cort-esimnds t op  

OG4 x (loo)=: 2-65 of t o t a l  a c t i v i t y  i n  l i v e r  m 
On a molar basis0 a s p r t i c  acid .has 4 -@ of the  a c t i v i t y  i n  

liver lys ine ,  and 27*!$ of the  activity i n  l i v e r  elutamic 

ac id  computed as followat 

l g 4 0 7  x (OoO18) 5;5 volts/dn/milllimol aspsrtic aa id  
91,8 

The moncamino.-.carboxylio ac id  fraction by papea chromato- 

graphy contains less than 5% of the or ig ina l  basio amino 

ac ids ,  and 108s than 1% of the dioarboxylic omino acids, 

y e t  the C14 a c t i v i t y  i n  the monoaminoocarboxylic ac id  frao- 

t i o n  of tho  l i v e r  Fa8 .17b volts/sin/gn, o r  

I 

0171 
(100) = 

1l0&3 of the total a c t i v i w  ?resenta 

the c14 ac t ive  components is being ac t ive ly  pursueda 

The i den t i f i ca t ion  of 

Discussiona The nost significant general observation made in  the 

study of i so l a t ed  &no acids indicates  that t h  carbon chain o f  lysine 

i s  d e f i n i t e l y  converted t o  other  amino a d d s o  Because the  speo i f i c  aa- 

t i v i t y  of the  l i v o r  glutamio per rni l fLioi  is of t he  earn order o f  pag- 

nitudo as that of the  expirod C O z 0  it is not poesible t h a t  i k w a s  derived 

f r o m  the C02 a s s i n i f a t i o n  reaction of 'Rood and X e r h n  ( 3 ) ,  In  t h i s  

( 3 )  '?roodu €1,. B a  and ::'srhan, C. IL. Biochemo J: a 30~48 (1936)o 
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react ion,  only 1 millimol of,CO2 would be used t o  form 1 millimol of giu- 

tanic ac id ,  and the r e s u l t a n t  d i l u t i o n  by i n e r t  gfutamia auid of tissues 

mould give glutamic a c i d  o f  a c t i v i t y  severa l  hundred times l ese  than t h a t  

observod. By &!e 8am token, t he  a c t i v i t y  observed in  the l iver a s p a r t l o  

ac id  was a l s o  very probably derived from the lysine via glutamic m i d ,  

'.7e have no evidence f o r  the  oocurrence of 4minoadipic ac id  as a 

breakdown product of lys ine ,  although t h i s  was reported by Borsook e t  a1 

(See Reference ( l ) @  Bige 91) t o  r e s u l t  from t h e  in v i t r o  oxidation of L- 

lys ine  by guinea p ig  liver, 

ad ip ic  ac id  mry be an intermediary metabolite i n  the conversion of lysine 

It is oonceivable, hmver, thato(-amino- 

t o  glutamic ac id ,  but that t h e  concentration of & caminoadipic a c i d  under 

physiological conditiona is  very low and ha8 escaped de tec t ion  by paper- 

chromtographic methods used which would have detected a s  l i t t l e  as O o l $  

of d -aninoadipic ac id  i n  the dried l i v e r ,  

Because the lysine ao t lv i ty  of t he  l i v e r  basic  amino ac id  f r ac t ion  

does not account for a l l  act ivi ty  pmsent,  the amino ac id  a rg in ine  i a  being 

examined for possible activityo 

rate emu& arGinine from unknm preoursors t o  maintain itself in nit rogen 

balance without d ie ta ry  arginine,  

chain m y  s e m  as an arg in ine  precursor is therefore  worthy o f  considerationo 

Tho oaourrence of a c t i v i t y  i n  t h e  rnonOamino monocarboxylic amino 

It is known that  the adu l t  dog can ehbo-  

The poss ib i l i t y  tha t  the  lys ine  carbon 

acid f r a c t i o n  is  surpr is ing,  b u t  the  p o s s i b i l i t y  of oxidative s p l i t t i n g  of 

the lys ine  carbon ohain and conversion t o  short chain amino aoids such as 

alanine remains t o  be ruled out, 

lo Olutamio and a spa r t i c  auids have been i so l a t ed  from the liver 
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of Q n o m i  dog f ed  (,.CI4 .t.abefed lysine, and t he i r  ac l t iv iq  laad, to the 

conolusion t h a t  lysine m y  8 e m  BE an immediate naetabolio praoursor of 

these amino acidsa 

2, L-iyalne has been isolated from the t i s e u e a  of a nanml dog 

GI4 labeled l ya ine ,  and the t o t a l  Pyaine aotivity does not rcoount  for f e d  

the total a a t i v i t y  of the correaponding basic amino a o i d  fraction, 

_ _  

3, The monaamlao monooarboxybic amino acid fraction of tirrrues 

Cp4 labexed lys ins  contains enough rcltivitg t o  from a norm1 dog fod 

suggest the possibility of conversion of-the lysine oarbon ahain t o  that .. 

of shorter ckafn amino aaids suoh as alanineo 

Problem Code : 

Section Coder 5220 

1,s 02 (Radioautography) 

hrtition-Chromatograph of Lipidas 

An apparatus has been conetruoted which permits the analysis of  the 

radloaotivfty of paper ohromrtogramso , 

,. . . .. 
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PROGRAM HOP. 

HEALTH PHYSICS 

Problem Coder HePol (Researoh m d  Ibvelopment) 

Seotion Code: 3520 

Invest igat ion of Film Behavior: 

Dependenae of a PhotoSens i t ivs  Emulsion i n  Terms of Densities Recorded 

for Knm Radiation fntenaitiss t 

Preliminary Report on the Wavelength 

Background; Photo-phia emulsions are being used 8s rad ia t ion  in- 

d i ca to r s  i n  the form o f  pooket meters, f inge r  r ings and wrist bands. 

it appears that i n  general only super f io ia l  knowledge is ava i l ab le  per- 

taininp, t o  t h e  response o f  these emulsions t o  a mriety of r ad ia t ion  wave- 

Sinae 

& 

lengths,  it vas deemed advisable t o  explore these  responses i n  greater 

&thodsr In order t o  s e t  a l i m i t  for a range of wupelengtha most 

l i k e l y  t o  ooow in praotioe, i t m s  deaided to  start t h i s  range a t  x-my 

Poavelengths produoed by MEV md t o  extend this range to r ad ia t ion  of 

2,O MEV x-niysn This ohoice should cover the wavelengths range normally 

found in common radlo-isotopeso The avai lable  x-ray generating equipmsnt 

for thls inves t iga t ion  oonsisted of (1) a d 4  MEV generator, (2) a .25 

MEV generator, and (3 )  a 1 NEV generatoro (&ovisions are now b e i q  made 

t o  obtain the  use of  a 04  and 2 MEV generatorQ) 

The prooedure consis ted of  many controlled exposure8 of a s ing le  type 

of x-ray filn, comonly employed in monitoring aerv iaeso  This l imi t a t ion  

t o  a s i a l e  type of photographic emulsionmu based on the  reasoning that 

a l l  p i l o t  experiments would provide better cont ro l  over the basic disorep- 
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radiation intensity wae aohieved by simultaneous msasuramnts of theme in- 

tensities by an ion iza t ion  mster during the film exposures3 a Viotoreen r 

meter, calibrated by the fie S, National Bureau of Standards, cons t i tu ted  

the measuring device, For x-rays produaed by erxtrgising vol tages  of o05, 

.,lo, ,15, 020, nnd EfEV oorrection f ac to r s  were applied t o  the meter 

readings from the Bureauvs abndardizationo 

a t e  tb d i f f e r e n t  behaviors of the ohambers a t  d i f f e r e n t  X-ray spectrao 

These correction Paotors Mi- 

(A free air ionization ohamber dous not reveal this discrepancy i n  the same 

order o f  mrgnituds and suoh equipment i s  now avai lab le  a t  this Projeeto) 

Further  oorreotiona had t o  be made f o r  chengea i n  atmaspherio pressure rad 

temperature during exposures of *he dharubers and emuleione in order t o  re- : 

duce a l l  values t o  normal preseure and temperature, 

Since it became neoeeaary t o  employ severa l  pieces of x-ray generating 

equipment i n  order t o  aover the range of x-ray wavelengths, it was daoided 

that the f i r a t  s t e p  in t he  prooedure of the experiments rhould lead t o  a 

knowledge of the transit ion points between t h e  individual generating mohines, 

and thus a number of absorption o m s  were =de whiohwould u l t imate ly  

reveal the half-wlub layers  for specifio p r e f i l t r a t i o n  of any beamo With 

these values hown, it presented no d i f f i cu l ty  t o  a d j u s t  the f i l t r a t i o n  

for the several IcPohineso It should bo pointed out, hawever, t h a t  thh pro- 

cedure of equulieing relative rad la t ion  output of  the d i f f e r e n t  generators 

must be readjusted when operations w i l l  require  generators f o r  040 LIEV 

and higher auoelerat ing vO1&gesO One m y  f ind  that in the final analys is  

it may only be neoessary t o  e t a t e  the half-wlw hyer  for any x-ray beam, 

s h o e  the value s p o i f i e n  the typ of wa~elength-~eaergy  d i s t r ibu t ion ,  and 
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thus rendera the Fe8Ult8 udversafly applioable, 

Experimsntal expaurea were performed by two methodst (a) film 

paabets were exposed to individually etaleulatad erporure eerier arranged in 

algebraic progression, and (b) single exposves through a sensitometer d i m ,  

orhioh permitted exposures of goomtrio progreesion, 

Development of a l l  exposed emulsions was psrfonmd in a s p e o h l l y  

designed luoife raok which permitted uniform control during dseelopmnt by 

meohaniual agitationo With eaoh series o f  f ibs  a sensltometrie oontrol 

s t r i p  wad dersloped in order t o  correlate a l l  development prooesures? 

The p r e l b b a r y  findings hrw been plotted In Figure 1 (Rig0 100) 

and oan be interpreted 8 8  follow#, 

(1) Rut the radiation intensities as marwed by the ionization 

uhambsr reault in film densit ies  w i n g  w i t h  wavelength mngeao 

(2) That these variations oannot be simply oorrelnted with rrimilar 

changes indieatad by Ionization chamber mea8ur~rmdnt8~ 

'Ihs f i lm response uumo i a  plotted in Figure 1 for a 0 0 ~ f a a t  den- 
G 

sity of ZOO in t e rn  of oorwotion faator8 versus x-ray spotre  produoed by 

exoiting potentiale from 50 t o  260 EXo These correotion fbctora are ob- 

tained by relating a l l  expom,~res t o  the minimum exposure at a certain wave- 

length range, which produces a f i l m  density of  2,00 Although va1uoe wore 

obtained for loo MEV x-rays,, they haw not been plotted on the graph sin00 

no intermediate values are avlrllable at thi8 t h e o  

t ion faotom is also  employed for the ionization chamber response and merely 

The suale of oorroo- 

mbthodro It oan be aeen that for the specif'ia'f'ilm used In thir preliminary 

study, mxhm density appear8 a t a  radiation wavelength range of 150 KEY 





x-rays, and tha t  the sensitivity o f t h i s  f i l m  decrersee appsrent ly  s t ead i ly  

at the rad ia t ion  wavelengtha are deoreamdo Determination of th i s  nnximum 

and inves t iga t ion  o f t h e  probable s l o p  o f t h e  response oons t i tu te r  one o f  

the purposes of this study, 

Since all of the peliminary work had t o  be done w l t h  x-radiation, 

it a p p a r e d  that a n  in t e rea t ing  8-y could be made p r a l l e l  with the 

o r i g i n a l  experimsntr, 

(Nadical school) a8 a monitoring service f o r  personnel operating x-ray gen- 

erators. Film pokets  were d i s t r ibu ted  t o  this personnel f o r  the de tec t ion  

of r ad ia t ion  quan t i t i e s  r e w i r e d  during weekly operations, Equipped w i t h  

two copper filters Oo12 and 0024 nnno thiok, three areas of d i f f e r e n t  den- 

s i t i es  b o o m  available for interpretation and aonrequent t r a n s l a t i o n  i n t o  

This survey was axtended to the Deparbnt of Radiology 

r ad ia t ion  quant i t ies  reoeived by the wearero . The Pollorring method is em-'  

ployed for t h e  cor re la t ion  of' these densities with a tandude ,  There rfm- 

dards are obtained by exposing film t o  known i n t e n s i t i e s  and wavelength 

ranges, thereafter p lo t t i ng  the developed densities aga ins t  log expo8ureo 

In F i p r 8  2 (Page 102) is shown a set  of o w e 8  f o r  i l l u s t r a t i o n ,  Curver 

A, A s o  and A" show a series of dens i t i e s  obtained by exposing the above 

named filn t o  x-radiation exoi ted by 100 KEXO 

those neasured on the port ion of the film which received the d i r e o t  radia- . 

t i on ,  and dens i t i e s  of o m 8  A* and A" are those measured on the film under 

Densities of curve A are 

the ,,12 and ;24 mm, Cuo f i l ter8 respeutlvely,  The curves nnrbd  Bo Be, and 

B" w e r e  obtained by an exposure t o  200 ZEV x-radiation, and t h e i r  relative 

pos i t ions  again show d i r e o t  exposure and fi l tered exposures through the supb 
. 

oopper filters as aboveo 

Application of these curve8 is i l l u s t r a t e d  as folluws~ 
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Care lo Film dens i t ie8  88 mgasured on a badge may ham 

values of 1042, 0086, and 0 ~ 6 5 ,  &om Figure 2 it i s  seen that  these points 

o m  be conneoted by a line This mearm tho t  the radia- 

t i o n  reoeived by the badge mrt have boen similar t o  th8t whiuhums used 

with  zero 810p0 

Case Zo Film dens i t ies  messured on another monitoring \ # d e  lpay 

reveal ~ m l u e s  of 1042,'10%6, and 10030 

on a coxmooting l i n e  "y" on a 100 gEV xacay standard0 

These m l u e s  would be found t o  l i o  

However, thin If-, 

presenting a slope of approximately one, oannot be Interpreted in torma of 

a single log E wiluo, s t a t i n g  a spea$fio s ingle  exposure value.aa wa8 

feasible i n  Case Roe 1, It, therefore ,  beoomes neoessary t o  fit these den- 

sity values t o  mother set of standards =til a matuh with standard den- 

sities has been rohievedo For illustration purposes this was done by add- 

b g  o m 8  E, B*@ and B" on the  same figure. These OUZCQBS reprosent oondi- 

t i o m  for x-radiation produoed by accelerat ing voltages of 209 XEVo 

this example a ZWa80nabl8 fit of dens i t ies  is possible a8 s h m  by the 

broken line with zero s l o p o  

curve8 Bo BVo and Bm originat@ from a movement o f  similnr density point6 on 

line "y" and curves A, AQ, and A* p s r a l l e l  t o  the rbroissao Identifloation 

of the rad ia t ion  wavelength range of 200 IEV xorayr has been aooompllshed 

and a qua l i t a t ive  88 well as quant i ta t ive in te rpre ta t ion  re8ul t so  

In 

The pointr of in te rsso t ion  of *hi8 l i n e  w i t h  

The method ha8 been in effeot f o r  some time and is  being invest igated 

further for i t a  msrits 88  w e l l  a8 i t s  faults. A simple s l i d e  rule aomputer 

'ia in the process of design and Chis should reduce t b a  of i n t e rp re t a t ion  

oonsiderably, 

This preliminary report has been rendered purposely wi th  a dnimun 
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of data uonoerning complicatiok and proeedure8, sinoe many more f k o t o t r  

must be iKPestigkted prior to any final reporto 
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m0Gw cas0 

SPECIAL CLINICAL SERVICE 

Problem Codex none 

Seation Code: 3312 

Introduotion: Throe addi t iona l  pa t ian ts  with chronio pulrconary . 

gnanulowtosis of beryllium workers were studiod i n  the Eats-bolism mrd 

during the past t h r e e a o n t h  period, It is of htares t  that each of  these 

three pat ients  represoate a a h g l e  stage i n  the disease,, 

f indingr  oompatlblo with relatively early involvement, uh i l e  Case #2 i l l u s -  

trates moderately acivanoad p t h o f o g y ,  rad Case #3 advanoed involvement,. 

Complete sumt~eriea o f t h e  oase historlee of them individual6 are giron, 

Case #I a h m r  

together with complete m a u l t a  of all laboratory findings, x~rays, rsrpira- 

tory C ~ I I ~ ~ S ,  and nitrogen balance s tudies  on e oarefully oontrollsd d i e t o  

It is of b t a r e s t  that theae individuals s h m d  evidenco of  not ~ n l y  pulo 

monary involvement but  deveea  of l ioer and kidney involvexent a8 well, 

The sigzif'ioanue of these findings, togethcr with the  new obsarvationa of 

i q a i - a d  nitrogen absorption are disouased i n  considerable d e t a i l ,  

C l i n i c a l  a 8 t O r y 8  This &-year old pat ient  vrbs In axce l len t  health 

until  August, 19460 At that t h e ,  w h i l e  on vacation in the Rlounteins of 

Oregon, she d m l o p e d  a pers i s ten t  t i c k l i n g  sensation i n  her t h r o a t  and a 

hacking cougho Beoauee her 3ymPtoms peraisted,  she finally went t o  her 

family doctor in  Brch, 1947, who f e l t  t h a t  she had mild oinual t ia ,  

June, 1947 sho waturn3d t o  her nom in Lolain, Ohio, snd shortly t h e r e d t e r  

In 
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bocme amre of dyspnea on exertion, 

her ch8s-k x-my W ~ S  "oloudy" and t ha t  it might be due to beryZlium-poIron- 

ingo 

In October, 1947 she wag t o l d  that 

Fatient ma referred here f o r  study of thir possibi l i ty ,  The oough 

was present prtiou'larly in the morning and a t  night and %as pro- 

duotive d' about 1 tablespoonful of  muooid s p u r n  arch day, 

the patient f e o l ~ ,  has b a n  progreeeive m d  that even the n i ldest  exertion, . 

suoh as dusting E room, a w e s  shortness o f  breath, 

arqt dyspnea at rest, no orthopnea, no proxysmal nooturnal dyspneao 

have been no assooiated symptoms, no weight loss, anorexia, c h i l l s  or fever 

or uardiao symptoms, 

The dyspncw, 
_- 

There has never been 
- .  

There 

fertinent t o  hsr pmsent lllnees is  her oocupatlonal historyo In 

1944 she w e  employed at a job analyzing berybllum powdero She worked at 

this for  three months and stopped beeause of the development of a rash on 

her a m o  She ha8 had no other exposures to beryllium, and the onest o f  

her symptoms ocourred while she was on raostion In the m a t o  

&et EuStOrY_g Non-oontrib~tory~ 

Physical Examinntiont Blood preasure IZ0/80. P 80, R 20, Patient - 
wau a mll-developed and well-nourlahed 46-year old white formls who 

appeared mither  chrocicnlly nor a c u b l y  ill, 

observed; no respiratory d i s trossO % cyanooio or clubbing, Heada nollpblo 

Eyes: neetlve.  Ems: negative, Pharynx: clear,  Neakr thyroid not  

enlarged, no venous ongorgemanto lymph codear smll discrste  bi lateral  

axillary nodeso %art: LBCD 8 cno from E i L  in 5th interapaoe. Rhythm 

regular, aounds of good quality, no mumure, 

expansion eood,. Percussion note nonrmi, There were scattered rhonchi i n  

the right cheat pos ter ior ly ,  othemiee lung8 uere clear.  Abdomen5 no 

Ocoasional hieking cough -8 - 

- 
- - 

is gteator than A2. Lungst 
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organs f e l t  - Extremities :: negative mivia retroversion uterus. 

. 

Differential normlo 

Plate lets adequate 

Total proteinr 6.,S gum$. 

Albumin 4,l 

Globulin 2,,4 

Blood urea nitrogen 119,8 mg& 

Chlorads 101 meqo 

Calcium 1000 mgQ% 

Phosphorus 309 mgo$ 

Cephalin flooculation negative 

Total bilirubin 6 0 8  mg,% 

Glucose Tolerance 'Pastzafter 50 p0 glucose, pooo 

Fasting 42,,5 meo$ 
2- hour 118 me;,$ 

1 hour 149 mao$ 

2 hours 88 mgo$ 
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3 hourr 7 8  mg& 

4 hourr 76 mgo% 

&sting 90 mgo$ 

20 minutes 2106 mgo% 

30 minutes 3002 mgo% 

46 minutes 34 mg,$ 

60 m i n u t e s  47 mg$ 

90 minutes 70 mg& 

120 minutes 68 mgo$ 

Continuation of Insulin Tolerance Testtafter 0,s cco  of l t l O o 0  
solution of adrenalin h ydrochloride t 

30 minutes 53 q,$ 

60 minutes 94,s mg,$ 

Vitamin A Absorptioneaf'ter 7000 I,V, eater V i t a m i n  A per kgo 
body Weight 6 

Basal 9 Evelyn unitr ( n o m 1  about 15-40) 

4* hourr 309 (nom1 2 5 0 )  

7 hours 366 (normal 140) 

'ESP t e a t  after 46 minutes negative (5  mg, of dye per kgo) 

Urobilinogen ,,39 and $52 Erlioh unite per 2 hours 

Urea Clearance 205% of  n o m 1  

PSP test 35% exaretion i n  15 minutes 

Electrophoresis reports 

Total pro te ins  6,3 

Albumin 3,3 

Norm1 tralues o f  globulin constituents 



Sample Date 

4123-4124148 

4/25 p4/2e 

4/27-4/28 

4/29-4/30 

5/1-5/2 

513-514 

5 h 4 6  

5/8=5/9 

5/6-5/7 

5/10-5/ll 

5 b 2 - 5 / l 3  

i 5/ l44 / l5  

6 / l 6  -5/17 

5/18==5/l9 

5/205/2l 

5/22-5/23 

5/2#-5/25 

5/26 05/27 

5/2 3 5/2 9 

Beryllium Analyses (Urim 

k e a  

Volms Used 

200 I n l o  

n 

n 

n 

I) 

n 

(t 

n 

n 

n 

n 

pooled 600 l o l o  

200 mIo 

H 

n 

n 

n 

Bc Conoentrotion 

oouo pg/liter 

0003 

0 "00 

0003 

8000 

0000 

ocoo 

0000 

0900 

0003 

0006 

0 000 

0002 

Ou06 

0 0 0 4  

0000 

0000 
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Respiratory S tudiea 

TtLs trraxhucn breathing a p e i t y  uai3 norxmPn The ta ta l  puhonarg cap-  

o i t y  wa6 slightly redumd, and the vibP aapacity m e  only two-thirds of 

prediated value0 

t i o n  betmen the tWil  lungs, yet the right lung sma responsible for 67 per 

cent of ths to ta l  oxygen uptake, 

Bronchospiromtry revealed norm1  proportions of Tentila- 

Ths oleatrouardiogam wa8 n o m l .  Whereas 

the  a m  to lung oitculation t h  wa6 prolonged to f O  eeconds, t he  arm to 

mouth oiroulation time and venoua preasure were normal, By oardiao aathe- 

teritat ion .tma right vuntr3oular aystollo pressure was fluotmting above 

the normal Pango durirg,reat, and inaseased t o  the hypsrtensive tange during b 

moderate erarciess with  the legs, 

terial oxygen saturation was reduced t o  85 per oent and t h e  pOz to  76, 

Pulmonary effioiancy i n  relation t o  workwas belon normal, ye t  pt ient  

The oardire output was normlo The ar- 

was able to perform grade walking &a high as 10 per oent inolins for 5 

minutes at the cost of moderate dyspaea and greatly increased oxygen debt. 

In addition to i m p i r e d  diffusion of oxygen permitting hypdmmiai 

this patient presented evidence o f  early cor puhonalee She d i d  not exhibit 

as k r h d  compensatory hyperventilation 8 8  other patients,  hmevero 

Idbtabolio Studies 
~ - 

Nitrogen balanoe studies were also carried out on th i s  patient for 

approximately o m  month and the r 0 8 ~ l t 6  are as reported on thir page and 

the  following gageo 

Nitrogen &lanos 

Stool Balanoo Body ?"bight 
I 

Urine - Diet - Fbriod" 

2 14057 11002 1040 + 2015 57 a68 

14,,57 13745 1040 - 028 
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14,57 

14057 

34057 

I4057 

14057 

14057 

1040 f 2069 +m 
P 040 - , 3 3  58.>27, 1305 

E2,85 1,40 3. 032 

12 c 9 8  f,40 +- 219 

1 3 ~ x 3  8,40 - .Of 
12038 ]. 040 + e79 

o 23 

14074 1040 -1057 

- 1s 04 1.40 

12 092 l o 4 0  $- 025 

'1400 1.40 - 983 
9 082 

12u23 1'6.2 f 1,29 

13 c.99 1 :,64 + a 5 3  

* 
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Nitrogen Babanoe i conto ) 

Stoo l  hlanoe Body Weight 
7 

Wi?e - D i e t  - Period* 

16 .16 12 a76 
68 

* h r l o d  B i s  no t  reported inasauch as during this time the subject was 

approaching nitrogen bnlancs on a control diet and had n o t  reached a oon- 

stant metabolic 6 b t a i o  

Interpretatlonp This patient 3nd not lost weight, was not  poorly 

nourished at; t he  .start of t h e  mdxibolic studye 

nit rogen aquilibrium throughout experimental Fsriod, 

stool nitrogen w15s not exoessively hi@\, 

sponse f r o x  the poin t  of view of nitrogen boPanceo 

She renairrsd i n  a p p r o x h t e  

It :a6 cotod that the 

This i a  oonsiderad P n o m 1  re- 

CASE # r  

Clinioal Eist01-y t Patientos goiieral health was exosllent until 

b o m b e r ,  1942. Cne nonkh previously he had taken a job as a sifter of 

powder ussd for fluoroscont lights, The stnosphere t h a t  tine ljatient worked 

i n  was dusty and he vas tequkad t o  wear (i m s k  a greater -prt of the tine 

while  a t r o r k o  Howover, at Christmas t ins i n  194Z8 while ..ralking up a 

a l i g h t  incllne,  !is h i d  sudden onset  o f  dyspnea and coughc. Although these  

symptom continuad during the next t'i70 mnthe ,  he gradvally improved and 

returned t o  work nsynlptomatio a@ the end o f  three months, 

From i k ~ c h ,  1942 ,Lo B r o h , ,  1945, t h e  pe t i en t  worked a t  grinding 
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tungsten wi th  only minim1 ex&eure to d u s t ,  In -oh, 1945 he began t o  

have da i ly  o h i l l s  and fever up t o  ]10S0F, dmrtws@ af brmtho and dePere 

c o @ w  spa18 and he wa8 sent t o  Trudeau Sanitorium a t  this t i m e  whste 

the  abormmntioned symptom continuede 

malaise, anorexia and weight loss, 

t ens i ty ,  ooourring, a t  times, on the s l i g h t e s t  exertion, 

pnea *me a lco  noted and the pa t i en t  wms f i n a l l y  forued t o  s l e e p  on two 

pillows a t  night. 

and ct night,  

every day which m a  occasionally blood-atreaked, 

t h e  c h i l l s  and fever ooourred da i ly  for I& years, 

the  patient l e f t  Rudeau, having l o a t  39 poundso and feeling t h a t  h i s  re8- 

pi ra tory  symptom were only s l i g h t l y  improved, 

Ee began to note n genaralized 

The dyspnea was var iab le  in its in- 

Paroxysmal dys- 

The ~aroxysme of coughing occurred rminly i n  the morning 

The oough was productive of about 1 cupful of watery sputum 

Acoording t o  the  pat ien t  

Mnal ly  i n  Ootober, 1946 

fIe has been under the care of h i s  family dootor s iaoe Oatober, 1946 

and has been t rea ted  with neoarsphenamine, onoe weeklyG 

febrile since then end feels that he has been able t o  t o l e r a t e  more exer t ion  

d e r  this treatment, Re has, however, regained only about 7 pounds, during 

the past 'par and a half, 

has a l so  noted during the present illness2 

the  legs and f e e t ;  ( 2 )  Frontal  throbbing headaches, e spec ia l ly  after exer- 

Ib, has not been 
e 

In addi t ion  t o  the atom symptoms, t h e  pa t i en t  

(1) Frequent muscle oramps i n  

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

i n  the morningo 

h s t  Hietory and I l lneases l  Non-oontributory. 

Fhysical Examinations Blood pressure 105/700 P 92, R 24, A w e l l -  

- 

developed but poorly nourished white = le  who appa rod  chroniaal ly  ill and 

showed evidenos of recent  weight loss, At r e s t ,  there was apparent ly  no 
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respiratory distress, though'acosoaory musoles were usedo 

mld oyanosis and clubbing of fingers, 

good, Pharynx: clear. IJeckg Thyroid not f e l t ,  no vBnouB engorgermeato 

Lymph nodes: 

other glandular enlargement, Lungat expamion l h i t e d  b l l r b r a l l y ,  about 

2 amo movement at baoes on deep inspira.i;iono Resomoo n o m l e  Vet rerlss 

are present throughout l e f t  lung posteriorly, few in  right mid-lung field - 
do not disappear after uougho Beartt not enlarged to prouesiona Rhythm 

regularo Rate 92, Sounds rather d i s t a n t ,  good quality, P2 acoentuated, 

No jeundlae, 

negative, - - Teoi;hs Kead and Eyeas 

1 

o m  1 cmo node i n  the l e f t  axilla, soft, nor.-tender, No 

Abdomen8 negativea Extremitieas good pulsations , m m 3 U h . t  meh on m l V S S  

of legso Beot.la proatate firm, s l ight ly  enlarged, 

Blood Count8 

negative 

Differential n o m 1  

Urimlyelsc 

Blood Cheniatry s 

negative exoept for  a trace o f  a;.blanin 

Tohl  proteins 6,9 gm$ 

Albumin 5,O gm$ 

Globulin lc .9  p,% 

Blood urea nitrogen 21.2 mga$ 

Tota l  bllllrubin .53 mao$ 
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115 0 

Chloride 509 mgo% 

calslum 1002 q o %  

Cephalin floooulatlon negative 

Thymol turbidity 39 

Qluoose Toleranoe Testaafter 50 gmo gluoosa, pnoo 

Festlng 66 mgo$ 

8 hour 115 mgo$ 

3 hour 110 qo$ 

3 hours 45 mgo$ 

Insulin tolerance after .1 of  a unit o f  insulin per kg, of body 
weighto i u v o a  

Fksting 66 ng3$ 

20 minuter 41 mg.5 

30 minutee 27 mp;$ 

60 minutes 63 mg$ 

90 minutes 66 mg& 

120 minutee 70 mg$ 

Continustion of Insulin tolerance after 05 cco of lsl000 solution 
of adrenalin hydroohloride : 

45 minutes 85 mg0$ 

60 minutes 66 mgo$ 

BSP test after 5 xo of dye por kgo; - 
15 minutes 1 0 ~  retention 

60 minutes SO$ retention 



Pl6 

Pitamin A abtlorption after 7000 I,P, ester 'iflamin A per kg, 
bod-{ avlght :  - 

meting 57 (normal 16-40) 

44 hours 299 (normal about 2 5 0 )  

'7 hours 530 (normal about 240) 

E~aotrophorssls Report: 

Albumin aliehtly diminished (3,,46 gm,$)c Alpha 2 slightly 
elemtad e 

Urea Claaranoe P 

Urobilinogen in the mines 

. .  

0368 Erlioh units and .le8 Erlich units i n  2 hours (2-4 P J L )  

Chloride excretion test showed a normal respon3e 0238 PO 

ohloride, as sodium ohlorlde per 100 mls. durhg the h E f  Pour 
..e 

: . 

4/0-4/9/48 

4/104/l1 

4 b 2 - 4 b 3  

4/l34/14 

4/144/l5 

4/16 4 7  

4/18=4b9 

4/204/21 

Case @ 

Volume Used 
-~ 

200 

n 

n 

n 

n .  

n 0000 

Oa06  n 



Sunpfe mte 

4/22 4/23 

4/24 4/25 

4/26-4/27 

4/264/29 

4/30-sp 

5/25/3 

5/43/s 

5/10-5/11 

5 / l 2 4 / 1 3  

lhte Record Last 

w n n 

n n 0 

n n b 

200 d o  

a 

., 

n 

n 

W 

n 

Be Conwntration 

0000 

0000 

0002 

0003 

0,oo 

0000 

0002 

'O060 

0005 

0020 

0004 

0003 

0018 

n 

600 d o  

(S sullplsr pooled) 

The aamp1ea for  which the drte was l o s t  belong in the pried 4/8 t o  

4/h/48 

Samples for which no Be m a  deteoted may haw a c o n a e n h t i o n  o f  Be 

less than OoO1 miorograma per litero 

Berpirrtory Studiecc 

Although the nuximum broath-holding time nas but 80 reoonda, the 

r a m x h m  breathing capcity was 73 per cent of t h e  predictdd valuerJ The 

t o t a l  pulnonary lung v 0 1 w  ppa8 reduaed t o  a h s t  one-half and the vital  

.- - 
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oapcity t o  39 per cent of the axpeabd valluo, 

doneo In addition to  sinus Csohycardia, the eleotrogardiogmm revealed ’ 

right axio deviation and peaking of t h e  P waves in lead 2, 

pressure was increased to 1305 uno, and the a m  to tung ciroulation tima 

was prolonged t o  11 seaonds, although the arm to nouth tiua was within 

nonml limits. 

Bronohospirametry warn not 

The m o t u  

Cardia0 oathetoritation sh-d a moderate increase in right  

aurioular presoure and a mrlced incremse in right; aurioular pressure and a 

marbsd inarease i n  right ventricular pressure compstiblo with whonary 

hypemtenuiono The oardiaa output WUI abnormaftf Gm, The arterial oxygen 

saturation m s  diminished t o  82 per oent with a pOz of SO mo Breathing 

oxygen inorsaeed them valuer t o  95 par oent and i14 xuo Fldmonrry effi- 

oiency in r e b t l o n  t o  work ua8 nnrkedly impaired, and the atximum inollne 

of grade walking tolerated rnar S per oento 

high irvdioative of oirouhtory inadequaoyf 

study, the poeeible anabolio effeots o f  testosterone propionate on nitro- 

gen balance were invest igted .  h t i e n t  retained eodium and water, p ined 

The oxygen debt -8 abnormally 

During the period o f  mt.bollo 

w e i @  , exhibited edem tcgether with more severe rs8pirato .y  dictrese in- 

cluding @ s p a  and orthopne~, 

For a week after wit2drawal of this medication, synptom continued, 

and cardiac catheterizaticnmae repeated, 

with congestive heart failure, and the i n i t i a l  effects of intravenous 

digoxin therapy indicated “d ig i ta l i s  effects“ i n  the olactrccardiogramo 

The atroke volums and pulse pressure of tha right ventricle promptly im- 

paved, but symptoms and s i p  of pulmonary edem developed because of t h e  

abnornnl pulmonary reaiotanoe to  greater blood f b w 0  

a l l svhted the distress as well as the need f o r  supplemsntal oxygen therapyo 

Tho findings uero oompatible 

RXebotony promptly 



hour period. 

This patient not only exhibited marked impairzuent of p k n a r y  d u o  

fusion ai' oxygena but reduced lung p.renabyllrro In addition to we1h3stab- 

liahed cor pulmonsle, he developed uongestim hart failure during a trial 

of testosterone propionate therapy and responded t o  intravenous digoxin 

beyond the oapaoity of hi8 lungs t o  aooommodab the inoreased flow of' blood, 

3bkboPio Studlea 

Other fhsn the prooedurea l i s t e d  above, inohding pulmonary and 

ard iao  studies, me~boPlem studies were oarried outo 

The pahientwma plaoad on a d i e t  oontaining L6,28 P 8 o  of nitropa 

a day with 2200 mloriobo 

trol period of 6 &ys fo l lomd by 12 Aya when betoaterons propionate m a  

rdministsred (26 mp;, qodo, iorno)  and a Final control period of 6 day80 

nitrogen b b u e  and weight ohanges during this t i m s  are 8~8 found below, 

Nitrogen balanoa studies were done during a oono 

The 

3 15028 ' 

l&o28 

15,28 

15 028 

16 28 

15o28 

I 1 3 0 1  I 5  

Elitrogan Balanue 

Body 
Stool Balanae %i*t - Urine 

7 

11 026 1091 + 2011 52637 

1207s lo91 + 062 

13020 109l t 017 

1200 1091 t 11037 

12046 l O 9 R  + 097 

12"SO lo91 -t 047 

Testosterollrs 
Propionate 

-0 

0 

0 

0 

0 

0 

0 
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1200 

11080 1091 52006 2s 4 15028 

X028 

15 0 28 

lS028 

15028 

16028 

11016 lo91 + 2021 

12 003 1091 + 1 3 4  

10096 1091 + 2041 

11018 1091 J* 2019 

26 

26 

25 

25 

lOoSb lo91 + s o 0 2  +m 
2s 

,10075 1091 + 2064 63069 26 6 15028 

lS028 

lE028 

15.28 

12'002 1091 + 103s 

11 o 94 1091 1043 

10048 l o 9 1  4- 2089 

26 

25 

25 

S 0 2 8  11 05 

15 028 1201 

1091 + 1087 26 

2s 

13098 10 045 l o 9 1  t 1062 54084 0 .  

13 098 10025 1091 + l o 8 2  0 

6 

13.98 9083 1091 j -  2022 0 

If098 ' 100% 1091 + 1012 
. .  

0 

15098 10527 ;= 1091 0 

%riode 1 and 2 are not reportod inanmuoh os during t h i s  time t h e  subjeot 
wau approaohing nitPogen balanae on a control d i e t  and had not reached a 
oonstant metabolio s t a t o a  
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The results of tAess studies might tentatively be interpmted aa 

f o l l m r  The p t i s n t  seemed unabla to store nitrogen sat isfaotori ly  on an 

ordinarily adequate protein and calor ic  intab. 

sterone f'romthe point of vim of nitrogen storage was rnini.mil, even less 

The rssponse to testo-  

than a n o m 1  prsono 

aeoondary to ths atorage of electtolytea~ 

whether this patient mas unable t o  u t i l i ze  testosterone propionate beoauae 

of liver diseaseo 

on the eleotrolyte r e t e n t i o n m u  normalo For some reatson this patient ma 

unable to  store nitrogen or aignif icult ly  build up his protein atoms even 

HawDverp weight gain '~8s s tr ik ing  and undoubtedly 

The question has arisen as to  

If SO, this is of unuaual interest  beaauso the effect 

under the powerful anabolia stinulu.8 of toetooterom propionate, 

The s tool  n i t r o p n a a s  high, averaging 1,91 gma, a dayo For t h i o  

reason fat analyaes were done on the s too l  which f e l l  within the n o m 1  

ZFmi tS ,  

CASE f3: 

C l i n i c a l  n i s t o q :  This 35-year old  male patient m i s  i n  good health 

until  b r c h ,  1945, rhen he notod e a d u a l  onset of shortness or' breath on 

exertiono Shortly thereamr  he began t o  be irritable and so.wnhat emo- 

t ional ly  unstable,> 

began tn lose seighf and Xoet about 40 pounds in  6 weekso 

In July, 1945, in addition t o  the above s,vmptoms, he 

In August, 1945, 

he developed a hacking cougho 

and sought t!!e help of his  fsdPy phyaloian, 

Beaausa of these symptoms ha stopped working 

Ha believed t h a t  abnorml 

markings were found in h i s  x-ray at that time, 

During the next 2 yoars the patient was almoet aonipPe-tsly incapaoi- 

tatad by h i s  d y s p a  and psrorysms o f  coughing, Re unable t o  s leep 
- 
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iLu 
exoept in the upright ine was givon without barrsfit, 

In Julyo 3947, penic i l l in  and streptomycin were given by inhafa- 

Bir oough beoam, productive and folllovhg this the symptom of per- t ione 

sistent pressure on hie  chest ceased and f o r  t he  first '&m he noted i m -  

,mvement of his dyspnea and oougho 

use oxygen quite oonsfontlyo 

Xmever, by this  time he had begun t o  
. .  .- Although fie believed that he has hed some 

_ _  re l i e f  w i t h  each szbsequent inhalation therapy o f  p n i a i l l i n  and strepto- 

mycin, he is nm, f o r  the most part, bedridden and oomplotely dependent 

on oqgen0 

times during the  past year and that olubblng of t h e  fhgora has been marked 

The patient s t a t e s  t h a t  he has had m i l d  depsndent ode= at 

during the paat 2 years, Tkms i s  no history o f  c h i l l e  and fevero Them 

has been no loea of appetite evon though the weight loss has been markedo 

For the past 2 yeare patient h a  been passing n m r o u s  kidney atoa06~ 

"I counted up t o  50 and u t o p p d o "  

extremely hard, 

The stones are ahite  or light b r m  and 

X-rays are reported to hem thorn stones on both a ideso  

Ram t i e  poink o f  vim of oocupationnl hiatory, p t i o n t  WLS a fore- 

man i n  charge o f  f i r ing  beryllium from 1999 to 1942, 

no t  dustyo 

"ha atmosphere wua 

However, a pungent odor was givan o f f  from ths furnace during 

the f i r i n g  procedure which the patient m8 amre of, I n  1942, he m u  

transferred, where ha was p l a n t  enginesr and has had little exposure t o  

either beryllium dusk o r  f'ums since that t i m e o  

Past History: Non-contributory, 

Physical Exaxdmtionr 'Blood pressure 106/600 P 100, R 24, A thin, 

emaciated white mala who appears chronioally ill, Soma dyspnea at r e a h  

When oxygen was taken away from the patient ha became emotionally upset, 

oyanotic and g a e p d  for breath, Lkrked clubbing of f h g e r r  and toe60 
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- Heads 

- Neck: slight venous engorgement, thyroid not f e l t ,  Lymph nodes: there is 

eyes and ear6 negativeo - Throat? smll tonsils, not injeotsd, 

general glandular enlar&BmdLlt, node8 up t o  l$j omoo discrete, non-tender0 

Chest: 

preminent poclteriorly, Lungs I expaneion limited, Reronant 'Aroughout 

Expiration war prolonged and ooOasi0mr~~y expircrtory wheezes were heard. 

somewhat bamel-shaped and aaynmetricsl, l e f t  chost being more - 

Miat  reles *oh did not dieappear with oough were presont over lower 

Azo Abdomsn: roaphoid, Liver and epleen not fe l t ,  RighP; kidney palpble, 

probably slightly enlarged, tendero E X t ~ m i t b 8 8  negative exoept for.the 

clubbing, no edemao Reotals prostate tender, not enlargedo 

Admission Labomtory D a k t  

Blood Count: 

I t 3 0 8  I Y  

RBC 3042 Mo 

a b ,  1105 -SO 

PIBC 15,250 

H a t o  3801 

Platelots adequate 

mi=iys i8  

Speoifio Ciravlty 1,008 

Albumin 2 +  

Miaroaoopia loaded w i t h  red blood 00118 and white blood 091180 

Blood Chemistrp 

Total proteine 609  -6% 
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d l b m  302 m ' o $  

Globulin 607 -0% 

Blood Urea Nitrogen 1606 mg$ 

co2 77 vofrrmea% 

Chloride 08 meqo 

Calcium S06 mg$ 

Phosphorous Z06 mgo$ 

Csphalin floooulation 24- 

T w o 1  turbidity 53 

Bilirubin total  d 7 4  eo$ 
Gluoose toleranos t e s t  after 50 gm, glucoao, poo0t 

I f 3 c  1 2 0  

& hour 116 mg05 

2 hours 108 mgo$ 

Znsulin tolerance t e s t  after ,l of a uni t  of insulin per ?q0 
Of body t ~ i ~ h t ,  ~ O V O S  

&sting 64 m g o p  

20 minutes 57 mgo$ 

30 minutes 42 mgo% 

45 minutes 42 ng.6 
60 mirutes 57 mgo$ 

90 minutee 50 mg,$ 

120 minutea 64 mgo$ 

Continuation of insul in toleranoe after oou of IklOOO solut5on 
of' adrenalin hydrochlorides 



V i t n d n  A abrorption after 7000 XoVo eater V i t a m i n  A p r  k p  
body W e i g h t  8 

Fasting 37 Evelyn Unite 3? (normal 15-40) 

hours 432 (normal about 250) 

7 hours 312 (nornml about 140) 

BSP t o a t  after 5 mgo of dye per kgot 

1s minutes retention 

45 ninutee 2% retention 

Cutler Wildor Testg  

&998 -80 ohloride (LS sodium ohloride i n  100 mlo 

E l e O t r O p h O ~ 8 i t 3  reporto 

Albumin 207$ 

d l  0047 

oc 2 lo01 

1007 

B 1007 

1034 

Xnterpwtatlon: EBttern very abnonaaIo . i r  the only 

oonstituent in normal concentrationo Albumin is mar- 

the l a s t  twoo 

, ,  

i 
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X-rays8 Other t h n  thoro inoludsd in the cardia p a c .  

monnry rtudies were KUBo IoVo qtelogam end x-mya of' the 

long boneso 

denaitles in the region of  both kidneys. 

group of calyces &u one or more atones in its rioinity. 

X-rays of the long bones ahovsd no deoaloificatlor, 

KUB and IoVo PgbPogram showed rm;rpr caloifio 

Apparently ea& 

Courre i n  Boapitalr During the hOSpik1 staya the patient was d e -  

brile, but ran a perairtent taohyoardia in the neighborhood of 100 per 

minuha 

oough rsnrinsd quite oomknt throughout the period of investigation,, 

He rsquired oontinuow oxygen and hi8 atyaptom of dyrpnsa and 

Beryllium Analyses 

k a e  #3 

.SIUnple Dote 

6/8-5/9/48 

5/10-5/11 n 

n 

200 ml,  

m 

II 

Ba Consentration 

0000 p&iter 

0402 

0000 

00025 

0000 

0000 

0002 

00020 
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Respiratory StudiO8 

The maxirmna breathing uapaoitywas greatly reduosd t o  16 pr cent 

of the prediobd valubo 

8eoonds0 

norado 

Breath-holding time m r l u d  beheen 5 and 17 

The alveolar pressure - relooity relationshipa were borderline 

The total puhonary lung wluma ua8 reduaed t o  one-half the pro- 

dioted value, and the vital aapcity to 40 per aent" 

w u  not sttemptedo 

Bronekoopiro~lstry 

The eleotromrdiogram showed right rxia deviation and 

right heart otrain with imert~ion o f  T waves In  leads 2 and 3 (while hang 

d i g i k l i 8 ) o  

preaaure, despite g o s a  venous distension, mi8 repeatedly observed t o  vwy 

bebeen minus 1 and 2 c 

- 

Tha oiroulation times were normal, but the peripheral venous 

miter. The systemic blood preasure x a e  lowo 

Cardia0 catheterization s h m d  the right aurioular and uen%;.icular pressures 

above noFmB1, and there was definitely pulmonary hypartensiono ilhile 

brathing oxygen the oardiao output was nornal, and tlm crter ia l  oxygen 

uturation was 89 per oent w i t h  a pO2 of 95 mao 

oIpgen promptly lotrsbred the saturation within 8eoonds, and the pOz fe l l  t o  

bmoval  of the supplemental 

48 nsno while breathing room air, 

tory diaorbillty, no etudies  of exeroiae tolerrnoe oould bs doneo 

Beoauae o f t h i s  patientea marked r e a p i n -  

For invertigatioml purpoie6, the patient was oathebrized n second 

time and the initial effeoto of oytoohrome C in3eoted intravenouelywere 
I 

. 3  observedo 

elaimed by Roger e t  a l ,  and denied by various other investigators, were 

not observed. 

!fhs o b g e s  indiuatiw of greater tissue uti l izat ion of oxygen 

This patient pmsented the mst severe respiratory impairment of any 

patients in this group t h a t  have been studied t o  dat60 hcause of the 

marked i m p i n e n t  of oxygan diAff'usion resulting i n  severe arterial anoxemin, 

UR 00762 



bs meda the oontinuous supply of oxygen vhich he demsnduo Despite the 

wfdellae of pulmontwy hypertension and cor pulmonale, +&ere is no evidenoe 

of oonpstim heart failure and t he  opithdravrs.1 of d i g i t a l i s  as -11 as the 

lrbr administration of digoxin were found t o  mke no significant differ- - )  

He was plaoed oa a die* oontaining 2900 otzloriaa and 8,3 pc of 

The nitrogen bahnos during 12 days on t h i s  d i e t  is reported nitrogem, 

belarr and on t h e  following pagej 

of p r a i e b n t  hunger and his d i e t  wad Inoreased to 3300 oaPories and aon- 

Qined 19,8 po of sitrogen per dayo 

Following t h i s ,  tt;e p t i o n t  oomp%ained 

The balrnoa during the following 

ITitrorcen Balance 

Met 

.1 1803 

- fbriod - 
1803 

18,s 

18 03 

2 

i I 5 '8 I2 11 

1803 

1805 

1803 lQ06 

183 140 80 

18.,3 14063 

ia03 1 G  063 

180s 16,18 

18 03 14014 

Stool 

7*23 

7079 

5 020 

6090 

6090 

7 040 m-m 

5 1  068 
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Diet - Period - 
3 1903 

1903 

1903 

. I  _ .  .. 

4 

i 

4 

1903 

2903 

PSOS 

U r i n e  - 
1401 

14 042 

14052 

14 038 

16028 

16 e 1 3  

1406 

15 09 

14 d88 

1308 

13037 

13 0 4 4  

Nitrogen Balanae (conto) 

S t o o l  Balance 
Urine 
Chloride 

9 "7 

7613 

809 

909 

1006. 

906 m 
11020 

11 062 

8060 

8050 

9 020 

9080 
-58092 

Eody 
i'bight 

53027 

54026 

Interpretatlong The results show that th i s  patient p i n e d  some 

weight during the 24=day experimental period, (about 2,2 kgo)o and thet he 

stored approxi.mts1y 24 gmso o f  nitrogen during t h i s  tim, Emever, it was 

felt that h i s  response was probably not as great as thet of other patients, 

similarly malnourished and on equivnlent dietary intake, I n  the study of  

such cases as much as 3-4 pa of nitrogen have been stored per day,. The 

irregularity of t h e  weight gain i n  t h i s  case, we believe, was due to the 

ohanps i n  the water and electrolyte content o f  the bodgo 

in th i s  patient is the excessively high stool nitrogen averaging 2034 e;mG 

of nitrogen daily i n  the s too lo  

Also t o  be noted 
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Summary8 Three a d d i t i o n a l  pa t ien ts  s h w i n g  si$s of chronic pul- 

monary granulomatosis of beryll iumworkers have been studied. 

data as determined from detailed oase histories,  o l i n i c a l  and laboratory 

S igni f icant  

examinations are given1 posi t ive r e s u l t s  gained from thorough study of 

resp i ra tory  phyuiology are givsn; colleoted data fron the atudy of  t he  

nitrogen metabolism on oontrolled dietary regime bra inoluded, 

Si@fimnt finding8 in the above studies ban be l i s t e d  as followst 

lo A l l  of the pa t ien ts  studied showed olinioaf and radiological  

evidenoe of ths presenoe of the  disease,  

20‘ Only the advanced aase showed any evidence of hematologicel 

abnormrlity i n  the presenoe of a secondary anemiao 

3, The moderately advanued and advanced case3 shmed evidence of 

funut ional  liver abnormality in the presence of abnormal bromsulphalein 

re ten t ion ,  The Vitamin A absorpt ion t e s t s  give presuaflive midenco of 

liver abnormality but  the t rue  si&?xWimncts of this t e s t  is Q.S yet  un- 

determined, 

bumin-globulin r a t io .  oephalin f loooulat ion and thyma1 xzrbidity notedo 

Only in t h e  advanced eaee (.#) were disturbances i n  the  al- 

4, Speotrographio determination8 of 24-hour urinc speoimens showed 

t h e  in te rmi t ten t  de tec t ion  of t h e  substance i n  ama l l  a m o u t s  in all three 

patients.  No conolusiono a n  be drawn from t h i s  observlltion at the pres- 

en t  t i m e  inasmuch at3 the f’requenoy of t h e  presenoe of beryllium i n  normel 

urine has not  been atudhL.,  

5, Sunmaritation of t he  observed f indings o f  respiratory nature 

a. a reduction i n  maximum b r a t h i n g  capacity and t o t a l  pul- 

monary oapacity i n  tho modemtely advanced and a2vaneed caaes, 
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reduction i n  v$tal oapacity i n  a l l  oases. 

electrocardiographio observation of right axis  devia- 

t i o n  ia the presenoe of evidence of an elevated r i g h t  pen- 

tricular pressure and a oor pulmoz.mleo 

do prolongation of t he  arm t o  lung c i rcu la t ion  tims i n  

t h e  prsaence of a normal arm t o  mouth c i roula t ion  t imeo.  

eo  a diminution of the  arterial oxygen ea turs t ion  t o  

82-85 per oent in the two a s 0 8  not requir ing oxygen with 

a pO2 of 6*?6 m o  

f ,  pulmonary aff ic ienoy oaloulatsd in r e l a t ion  t o  work 

(for method see l a e t  quar te r ly  reporto Rochester Report Noo 

UR-21) below nom1 in a11 caseiO 

60 Nitrogen balance s tud ie s  on two  of the  three patient8 (Cases 

#2 and $3) ahorred: 

a. a high feoa l  nitrogen, in  the absence of  diarrhea 

without a corresponding increase in t h e  excretion of fat 

(determined only i n  Case #2)0 

bo poor u t i l i z a t i o n  of the nitrogen which is absorbed. 

I The mchnniam of these two faotore  romins  unknowno Fko- 

1 I t o r  #l aould be due t o  poor absorption of protein or po8si0 

bly to reexcret ion of nitrogenout produot8 i n t o  the gut. 

Bemuse of what  appears t o  be the normal response in Case #lo one 

I 

t 

a i i u w s  that  disturbance in  nitrogen mbtaboPism occura only in well- 

advrinoed caseso However, it m u a t  be st ressed that no d e f i n i t e  oonolu8ion 

can be drawn f’romthtee c a ~ e s  and it 1s recowlended that nitrogen, sodium 
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and chloride balanoe be carried o u t  on several more patientso 

aaloium and phosphorous balemoes should also be done on at  least  one 

F'robably 

patient to help substantiate the poor uti l izat ion of food p-otoin for  

F I N I S  

t': 
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