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YEB 
The r a i e a t i f i c  work presented he re in  has been coded a t  t h e  program 

and p r o b l e m l e m l s  according t o  t h e  8chme given on Pages 7 and 8, 

t h e  r e p o r t  all c m t r i b u t l o n r  t o  a giwn problem have been assembled to- 

ge ther  without regard f 0  tbe a d m b i 8 t m t i v e  organizat ion except  that t h e  

number of the seation which did t h e  work i s  pref ixed  in  each case. 

using this number, it om b0 f o w d  on Page 1 2  what adminis t ra t ive  o f f i c e r  

can be approached f o r  inform&fia  about p a r t i c u l a r  work. 

In 

By 

It should be noted tha t  the Quarterly Teohnical Reports of The 

Universitg of Rochester Atomia Energy Projec t  do not attempt t o  descr ibe 

progress in a l l  of t he  researah programs but  only i n  thoee i n  which same 

s i g n i f i c a n t  resu l t s  haw been aahieved b u t  which a r e  n o t  s u f f i c i e n t l y  

complete t o  be w r i t t e n  up as a find  report, 

... . .  . .  - . .. . :.. 
. . .  _ .  
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7. 

EXPLANATION OF PROGRAM AND PROBLW CODES 

The s c i e n t i f i c  work a t  The University o f  Rochester Atomic Energy 

Project  has been coded a t  the program and problem levels .  The progr-, 

general ,  ind ica te  broad f i e l d s  of i n v e s t i g a t i v e  o r  se rv ice  a c t i v i t i e s  while 

t h e  problems i n d i c a t e  d iv is ions  of t h e s e  f i e l d s ,  Although no cons is ten t  

method of' d iv is ion  in problems m a  possible ,  an s t t e m p t m s  made t o  

achieve a n a t u r a l  d i v i s i o n  in  t h e  sense t h a t  each problem would encompass 

a subjec t  normally m i t t e n  up and genera l ly  considered as a un i t ,  The 

program on chemical t o x i c i t y  o f  uranium, f o r  example, has been broken down 

i n t o  problems according t o  the  d iv is ions  commonly employed by t o x i c o ~ o g i 8 t s ;  

The problem codes are n o t  r e l a t e d  d i r e c t l y  t o  t h e  administrative or- 

ganization o f  the  Project ,  Consequently, t he  smal les t  adminis t ra t ive un i t ,  

the  section, may work on more than  one of the coded problama. 

more than one sec t ion  may work on the  a w e  coded problem, 

Conversely, 

The administra- 

t i v e  organization will be ignored in making t h i s  q u a r t e r l y  repor t  of our 

research and serv ice  a c t i v i t i e s ,  all material being aesembled aocording t0 

the program and problem codes. The cont r ibu t ion  of eaoh sec t ion  t o  a 

Q u a r t e r l y  Tecbnical Report w i l l  be pref ixed by the sect ion number, however, 

to ponnit  reference t o  the  admiaiatrat ive organization if neoesaary. 

It ha8 not been possible  t o  code t h e  problems s u f f i c i m t l y  broadly 

t o  avoid a l l  overlapping, In cases i n  which various p a r t s  of a given in- 

v e s t i g a t i o n  might be coded d i f fe ren t ly ,  the whole work WILE coded aocording 

t o  its pr inc ipa l  s u b j e c t  matter a8 long as the  minor subjeo ts  were rela- 

t i v e l y  unimportant, Otherwise, t he  work -8 divided under appropriata  

codes. 

..._ . 
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PROGRAM X.R. 

BIOLOGICAL EFFECTS O F  EXTERNAL RADIATION (LRAYS AND RAYS) 

Problem Code: KB.2 (Mechanism of E f f e c t s )  

Sect ion Code: 3140 

Authors: Kurt Altanan and K u r t  Sa lmon 

Hemin Synthesis in Spleen Homogenates: 

Background: It  has been demonstrated in t h i s  labora tory  (1) t h a t  t h e  

alpha-carbon atam of glycine i s  incorporated in t h e  hemin and globin moieties of 

the  hemoglobin molecule when glyc ine  labe led  w i t h  C14 in t h e  methylene carboa 

atom i s  f ed  t o  rats. Several  instanoes of 

It  has thus  been shown that hemin S y ~ t h e S i S  f r o m  methylene-oarbm labe led  glyaine 

takes  place i n  r a b b i t  bone marrow homogenates (2). 

nucleated avian erythrocytes  are capable of in v i t r o  hemin synthesis when glycine 

v i t r o  hemin synthes is  are knm. 

It has a180 been shown that 

labe led  with Since t h e r e  e x i s t 8  

h i s t o l o g i c a l  evidence of extramedullary hematopoietic a c t i v i t y  in t h e  spleen 

i s  added t o  t h e  incubat ion mixture ( 9 ) .  

(4, 7 ) ,  it was thought of i n t e r e s t  t o  t e s t  wi th  biochemioal methods t h e  possi- 

b i l i t y  of hemin synthes is  from l abe led  glycine i n  spleen homogenates i n  the 

manner previously appl ied  t o  bone marrow homogenates (2). 

Method: Rabbit spleens were chosen as t h e  source of the homogenates, - 
spleens from severa l  r a b b i t s  having been pooled f o r  each experiment. 

homogenate f rom 3 r a b b i t  spleens was prepared as follows: 

A spleen 

The spleens were 

homogenized in the  micro-cup of  t h e  Waring blender  with 25 ml of 0.9% sodium 

chlor ide  solution. To t h e  r e s u l t i n g  homogenate 0.15 mil l imoles  of g lyohe  

U N C L A S S I F I E D  
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U N C L A S S I F I E D  

-- 

(containing concentrat ions of C14H2%COOH* I indicated in Table -1 (Page IS) I 0.06 

mil l imoles  o f  sodium ace ta t e  and 1.5 m l  of M/2 phosphate buffer,  pH 7.3 mir0 

added, The homogenate was then incubated a t  38OC for appropriate  per iods of time. 

After  addi t ion  of 10 mg. c r y s t a l l i n e  hemin as c a r r i e r ,  e i t h e r  hemin o r  proto- 

porphyrin IX dimethylester  was isolarted, t h e  former according t o  Nencki and 

Zaleski (8 )  and t h e  l a t t e r  according t o  Grinstein (6). The protoporphyrin 

dimethylester was r e c r y s t a l l i z e d  t h r e e  times from chloroform and once from 

pyridine.  Hemin was r e c r y s t a l l i z e d  as descr ibed by FYscher (5). 

a t i o n  o f  C I 4  a c t i v i t y  WBS c a r r i e d  out  wi th  the i on iza t ion  chamber apparatus of 

Bale and Masters a8 previously described (1). 

The detennin- 

Results:  

One experiment ( 3  hrs. incubat ion)  was c a r r i e d  o u t  in a l a rge  Warburg 

The r e s u l t s  obtained a re  shown in  Table 1 (Page 15) .  

wssel  permit t ing the  co l l ec t ion  of evolved CO2 in NaOHwith subsequent i s o l a t i o n  

as  BaC03. 

dis./min./millimole), ind ica t ing  t h a t  only very small amounts of  t he  methylene 

carbon atom of glycine were canverted t o  C02 in spleen hamogenates. 

fatty ac ids  i s o l a t e d  i n  s e m r a l  cases a l so  contained s i g n i f i c a n t  C 1 4  activities 

although the  d i l u t i o n  o f  t he  r a d i o a c t i v i t y  was somewhat higher  than that prediously 

The C14 a c t i v i t y  of t h e  BaC03 thus  obtained was q u i t s  low (4.8 X lo2 

The C16-C18 

r epor t ed  for bone marrow homogenates ( 3 ) .  Active pro te in  and nuc le ic  a c i d  S p t h e 8 i 8  

also appeared t o  take  place i n  these  spleen homogenates. 

Summary and Discussion: The r e s u l t s  reported here Ind ica t e  t h a t  hemin 

synthesis  can be c a r r i e d  out  by r a b b i t  spleen homogenates u t i l i z i n g  methylene- 

carbon atom of g lyc ine  as  a precursor. Experiments a re  now in progress t o  a88888 

* The authors  are indebted t o  Dr. B, M, Tolbert  of  t he  Radiation Laboratories,  
Universi ty  o f  Ca l i fo rn ia  for making ava i l ab le  the  labe led  glycine used 
experiment 8 . these 

U N C L A S S  I F I  E D  
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TABLE .1 -- 

~ 1 4  a c t i v i t y  of 

dime thy1 es t  e r 
Time o f  $4 a c t i v i t y  protoporphyrin IX 

In cubat i on of glycine added r H r S  e lo6  dis/min/rnillimole l o4  dis/min/millimole Co/C** 

t 
3 

14 1/2 

25 

4e6 

7.2 

503 

16.4 

48.8 

6000* 

* I so l a t ed  as hemin 

** Co/C = r a t i o  o f  $4 a c t i v i t y  ( d i s / m i n / m i l l h l e )  of compound added 
(CO) t o  C14 a c t i v i t y  of compound i s o l a t e d  ( C ) ,  ioee, the d i l u t i a  
cons t en t 

U N C L A S S  I F I E D  
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the  b io logica l  s ign i f icance  o f  these findings,  e spec ia l ly  wi th  respec t  to 

i r r a d i a t i o n  damage. 
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1 7  

P R O G N  U, 

Problem Code: U , 1  (Physical and Chemical P rope r t i e s )  

Section Code: 3220 

Author: W i l l i a m  F. Neuman 

The polarography of uranium i n  c i t r a t e  has been re inves t iga t ed  t o  

co r rec t  f o r  possible  e r r o r s  i n  previous studies which d i d  n o t  take i n t o  account 

the presence of reducible  U020H f presen t  in s o l u t i o n  a t  pH 4 - 4.5. The 

e a r l i e r  studies were confirmed and a rough est imat ion was made o f  t he  d i s soo ia t i an  

constant  for t h e  uranyl c i t r a t e  complexo 

Spectrophotometric s t u d i e s  extended t h e  polarographic work, establirhed 

t he  combining r a t i o  of uranyl and c i t r a t e  ions as 1:l and gave t h e  d i s soc ia t ion  

constant:  

= ( u o 2 f ) y H p t - )  
KC = 0,046 f 0,009 

2L 
(complex dimer)2 

i o n i c  s t r e n g t h m  0,l - 

Problem Code: U,3 (Toxic Lbaits) 

Sect ion Code: 3210 

Author: He B. Wileon 

The Effects of Exposure of Rabbits and Rats t o  Inhalation of Hydrated U r s n l u m  

Trioxide Dust a t  Approximately 10 mg/m3 Concentration and 0.451.1 Mass-Median 

P a r t i c l e  Size 0 

were studied following i n h a l a t i o n  

UR 01124 
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of  hydrated U o ~ ( T J 0 3 0 2 H ~ 0 )  a t  0,45 

concentration of 10 mg/mzo 

from U02Cl2 w i t h  NaOH, 

mass-median p a r t i c l e  s i z e  and a t  U03 

The hydratod IjOg had been prepared by p r e c i p i t a t i o n  

Animals were exposed 6 hours da i ly ,  5 day8 per week for 

38 calendar days, 

Chief responses i n  the r a b b i t  were moderate pro ter inur ia ,  s l i g h t  e l o v a t i m a  

o f  blood NPN and urea N and #a l igh t  diminution o f  t h e  rate of growth; in the rat, 

grorrth a r r e s t  during the  f i r s t  week o f  exposure and moderate lung damage, 

pathological  inspec t ion  revealed typ ica l  "uranium" l e s ions  in kidneys of a l l  

exposed animals, b u t  uncovered no s i g n i f i c a n t  abnormali t ies  in other organs (lung, 

l i v e r ,  pulmonary lymph nodea), 

HiSt.0- 

Mean concentrat ions of uranium in t h e  lungs of terminally sac r i f i ced  

animals were: rabbi t ,  83 pg per g w e t  t i s s u e ;  rat, 60 pg per g w e t  tissue, 

Tnese are unexpectedly high values s ince  UO3 should be soluble  in body f l u i d s ,  

The chief  purpose of th is  experiment w i l l  n o t  have been rea l ized  until 

these r e s u l t 8  are compared with thoae of a dupl ica te  s tudy a t  l a r g e r  pa r t i c l e -  

s i ze  range, 

Problem Code: U,4  (Fate) 

Section Code: 3210 

Author: C, IT, LaBelle 

Biological  Effects of P i l e  Dust, 

In order  t o  provide some 
. .  

experimental background 011 which future s tud ie s  

of rad ioac t ive  d u s t  might be based, a sample of  r ad ioac t ive  d u s t  obtained from the 

f i l t e r  system o f  the C a k  Ridge p i l e  WES suspended in physiological  sa l ine  solution' 
. _ .  

and in j ec t ed  in t r ape r i tonea l ly  into a group of 1 0  ra ts  a t  a l eve l  of 40 mg d r y  

UR 01125 
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d u s t  p e r  k i l o g r a m  of body weight,  Trpo groups'of cont ro l  a n d 1 8  ware prepared, 

one of which received an equal weight (40 mdkg)  of n a t u r a l  uranium dioxide, and 

the  o ther  l e f t  untreated,  
f. .. 

All t h r e e  groups were s tudied in t ens ive ly  f o r  a period of a month before, 
If 

and a month after t h e  i n j e c t i o n ,  Inasmuch as a l l  t he  animals survived, they mre 
i 
*- I 

allowed t o  remain e s s e n t i a l l y  undisturbed for en add i t iona l  two months, a t  which - -  
.? 

time one animal i n j ec t ed  with p i l e  d u s t  and one animal i n j e c t e d  Kith uranium 

cioxide had died,  The e n t i r e  group WRS then sac r i f i ced ,  and the  f ind ings  in the 

na jor organs tabulated,  

Results : 

1, Weight and Mortali ty.  No animal died during the  30-day period 

a r b i t r a r i l y  chosen as t he  l i m i t  of acute response, and only two during t h e  entire 

&month dura t ion  of the experimento 

G r d h  data did  n o t  d i f f e r  appreciably from that of cont ro ls  (Table 1, 

Page Z O ) ,  I t  w i l l  be seen t h a t  a l l  t h r e e  groups grew a t  t h e  same r a t e  before  t h e  

in j ec t ion  and a t  nea r ly  t h e  same ra te  t he rea f t e r ,  t h e  s l i g h t  d i f fe rences  betueen 

the t h ree  groups being accounted for by t he  temporary 1 O S S  in weight s u a t a b e d  

a t  t he  actual  time of i n j e c t i o n a  .- . 

.---_ . 
2, 

It w i l l  be seen that in both groups there waa a slight increase 

Hematology, The hematologic da ta  are tabula ted  in Table 2 (Page 20)* 
4 ; . 

the . 
'; :-.: .- i*. %. 

t o t a l  white count a f t e r  t h e  in j ec t ion ,  which sems t o  be due t o  $he preseaoe of 

unusual numbers of d i s in t eg ra t ing  and damaged cells0 

- 

The o the r  leukooytio 

variables, polymorphonuclears and lymphocytea remained wi th in  normal l i m i t 6  of _ .  

the  controls .  

represent  t h e  phagocytes which had been mobilized as a response t o  the presence 

of dus t  i n  the  per i tonea l  cavi ty ,  and which returned t o  the blood stream 3n such 

It  is suggested a8 a possible explanat ian that these damaged cells 

', .,. 
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TABLE 1 -- 

1 week 

2 weeks 

3 weeks 

GROVI'H OF RATS BENRE AND AFTER INJECTION 

radioac t ive  
uranium 

n 

a 

Mean growth in 30 days 
preceding i n j e c t i o n  

Mean growth in  30 days 
following i n j e c t i o n  

Immediate weight change 
when in jec ted  

ANIMALS mCEIVING 0 

- 

Radioactive 
Dust 

f 109 

f 6 3  

- 11 

Uranium 
Dioxide 

f 100 

f. 56 

- 7  

TABLE 2 -- 
LXUKOCYTIC CHANGES I N  FLATS AFTER INJECTION 

No 
Treatment 

g 

f 100 

f 62 

0 

. . . - . . . 
.*L. -.. 
" 2  
: . . p  

._ A I .  .. i.: . #  

. :. . 

Numbers of c e l l 6  x lo3  gained or l o s t  per cubic mil l imeter  after injection '-> '' 

* * Group 

f 305 + 105 

f 106 
f 100 

f 005 
f 0.3 

- ,- L -  

_. . .  . 
.&.<. . . 

I - .. 
. .  

Lymph- DaPuged 
'I 

nuclears  cytes Cell8 k - 
Polymorpho- - 

- 001 - 006 

- 006 * 000 
f 004 
f 003 I 

f 004 - 004 

- 100 
f 001 

f 001 * 000 

{ 3 d  
f" 205 

f 009 
{ 100 

f 0.9 
f 009 
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numbers a s  t o  s a t u r a t e  temporarily the  n o m 1  mechanisms bywhich  such c e l l 8  

e 1 ininate d . 
3. Findings a t  Autopsye The f ind ings  a t  autopsy, 3 months after ths 

injection, a r e  shown i n  Table 3 (Page 22), 

The uranium-treated animals d i f f e r e d  from the  unt rea ted  cont ro ls  only 

with  respec t  t o  the kidney, which showed a moderate degree of damage, 

aninals t r e a t e d  with rad ioac t ive  dust,  on t h e  o the r  hand, showed same evidence 

of damage in  each of t h e  organs s tud ied  except t h e  spleen. This is made more 

obvious in Table 4 (Page 23), which is constructed on t h e  follcrcring bas i s :  

values which f a l l  within two standard devia t ions  of the aon t ro l  mean (mean 

I- - 2 T) a re  accepted as normal, 

The 

Values d i f f e r i n g  f r o m t h e  cont ro l  m e e n  by more 

than 2 r b u t  less than 3 cr are c l a r s i f i e d  as doubt f i l ,  while valws dfffeFing 

from the  cont ro l  m e a n  by more than 3 r am c l a s s i f i e d  as abnormal, 

Di f fe ren t  organs manifested changes in  d i f f e r e n t  ways; thus t h e  liver 

and lung showed phyaical changes and changes in r e l a t i v e  m i g h t ,  t h e  kidney, Sign8 

of damage such a s  necros is  with no change in t h e  weight of the  organs, whorear 

the h e a r t  showed no obvious e f f e c t  o the r  than an inorease  In s i ze ,  The c r i t e r i a  

for abnormality are s u f f i c i e n t l y  r igorous,  however, (3  tr oorrespondhg t o  a 

random probab i l i t y  of 1 : l O O O )  that t h e  incidence of pathologic  change seem8 -11 

es tab l i shed ,  

The charac te r  of the damage in tpch  organ may be summarized: 

Lung - The damage v i s i b l e  i n  t h e  lung was r a t h e r  d i f f u s e  and seemed to 

be only an extensicm of t h e  type seen t o  (L lesser e x t e n t  in the  controls ,  at0, 
l e s i o n s  associated ch ie f ly  with currbnt o r  p a s t  i n f e c t i o n  proces8es. 

true, it suggeat8 t h a t  the  increased damage is t o  be asoribed t o  a lowered 

r ee i s t ance  t o  normal invaderse 

If this i 8  
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TABLE 3 -- 
APPARENT GROSS DAMAGE PLND ORGAN 'IREIGHTS IN RATS 

Organ 

Lung; gross damage1 
weight2 

Liver; n 
n 

Kidneys U 

Spleen; n 
W 

Heart; 1) 

W 

ANIMALS BECEIVIBG 

Radi oaotive 
Dust 
(N- 9 )  

2.1 
0.64 

2.6 
3 a 8  

3.0 . 
0.47 

0.3 
0.40 

0.2 
0,37 

~~ 

Uranium 
Di 0x5 de 
(a = 5 )  

No Treatment 
Mean ,C Std.D. 

( B  = 10) 

1.4 
0.54 

0.3 
4*7 

0.1 
0.45 

0.1 
0.41 

0.0 
0.31 

067 
0,06 

.0.6 
08 4 

00 3 
0.03 

0.3 
0.05 

0.0 
0.01 

(1) Arbitrary scale, 0-10 
(2) As percentage of body weight 
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T U L E  4 -- 

b 

PATHOLOGICAL CHANGES IN FATS EXPOSED TO RADIOACTTVE DUST 

Organ 

v 

Lung 

Liver 

Kidney 

Spleen 

Heart 

Ractions of Animals 
Whose Organs Were 

Normal 

519 
519 

2/9 
319 

519 

9/9 

119 

Doubtf'ul Abnormal 

Direction of 
-ge 

Increased weight 
Inoreased "damage" 

Deoreased weight 
Increased "damage" 

Increased "damage" 

e--- 

Increased weight 

UR 01130 
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- Liver - The abnormal l i v e r s  were dark in color,  r e t i c u l a t e d  and f r i ab le .  

They appeared t o  be swollen wi th  blood i n  s p i t e  of the deorease in the  t o w  m i g h t  

of t he  organso Numerous black nodules were v i s i b l e  below the surface,  usually 

grouped i n t o  d e f i n i t e  t o n e s  or patches, .  

Kidney - The damage i n  the  kidneys ranged frbm moderate hemorrhages to- 

severe necrosis.  In one animal, one kidney m s  completely non-fbotiond, the 

othe r severely hemorrhaged , 

Heart - N6 outward s igns of damage were noted, b u t  in nearly w s t g  - 
case the organ m a  1013% l a r g e r  than nonuale 

Conclusiuns : In j ec t ion  of rad ioac t ive  "p i l e  dust" in to  the pefitaned 

cavi ty  of r a t s  produced no s p e c i f i c  changes i n  the animals during the fir& -tho 

m e r  3 months, severe degenerative changes were demonstrated in t h e  liver, k i b y  

and hear t ,  and p o s s i b l y t h e  lung, 

(1) changes due t o  d i r e c t  i r r a d i a t i o n ;  (2)  changes due t o  d i r e o t  chemioal aotion, 

or;  (3)  changes occurring a s  secondary e f f ec t s ,  i s e o ,  bemuse o f  lowered baotsrlal 

res i s tance ,  accumulation o f  toxins, e t c a  

These changes may be of three general  trpb8t 

I t  seems probable that the  divsrnlty 

of the response is r e l a t e d  t o  t he  heterogenity of t he  dus t  sample. 

therefore  seem,advisable to attempt a preliminary fraatianation of the dust 

sample, because of the d i f f i c u l t y  in sor t ing  these diverse  e f f e o t s  during 

It wuuld 

t r anspor t  of rad ioac t ive  dus t  in and through t h e  lungo 

... .-. 



U W C L A S  S I F I E D  

PROGRAM Be,, 

BERYLLIUM 

Problem Code: Be,l (Physical  and Chemical Proper t ies )  

Section Code: 3220 

Author: W i l l i a m  F, Neuman 

Having developed 

sone work has been dane on 

micromethods f o r  Be employing alkannin and n a p t h a z a r b  

e luc ida t ing  the mechanism o f  co lor  formation. An. 

analogue, juglone, has been synthesized which together  w i th  o the r  da ta  ind ica te8  

co lor  f o r m t i o n  i s  due to t h e  exis tance of  a che la te  compound of Be and the 

anthraquinone. The ac t ive  groups required f o r  t h i s  compound formation appear 

t o  be: 

This concept i s  contrary t o  the popular view expressed by Feigl that  color  

formation involves adsorpt ion of  t h e  anthraquinone on a me ta l l i c  hydroxide 

" 1 ake " e 

Considerable sucoess has a t tended our e f for t s  a t  purifying m o r b o  The 

pur i f i ed  product unl ike t h e  commercial product (which contains  innumerable tar8 

and r e l a t e d  substances) i s  q u i b  s p e c i f i c  f o r  Be and shows a remarkable sens i t id*  

(de tec t ion  l i m i t  : 0,002 /15 m l  o r 1  pt per  10 b i l l i o n ) ,  

determination of Be using m o r i n  appears most promising,, 

Thus t h e  fluorimetric 

h r t h e r  u l t r a f i l t r a t i o n  s tud ie s  o f  Be in ci t ra te  medium h a w  been 

ca r r i ed  out. Results w i l l  be repor ted  subsequently, 

U N C L A S S I F I E D  
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U I? C L A  S S I ?  I E D 

Problem Code: Be,3 (Toxic L i n i t s )  

Section Code: 3210 

Author: R. He Hall 

Toxicity o f  Inhaled Beryllium Fluoride, Continuhg t h e  program of  

inves t iga t ion  o f  t he  t o x i c i t y  o f  beryllium compounds by inha la t ion ,  a preliminary 

study has been completed i n  which 6 species  o f  l abora tory  animals were exposed 

t o  a concentration of 10 f: 104 mg/m3 of beryll ium f luor ide  mist . ,  Colorimetric 

analyses of f i l t e r  paper dus t  samples ind ica ted  an average concentration o f  52% 

of  t h a t  calculated gravimetr ical ly  as BeFZo 

aerosol iza t ion  of a solut ion o f  beryll ium f l u o r i d e  containing 0,52 g/ml of 

The t o x i c  m i s t  w a s  produced by 

s o l u t e  (spectrographic ana lys i s )  and having a spec i f i c  g r a v i t y  o f  about 102 and 

a pH o f  1,5, The mean temperature in the chamber during the exposure period 

m s  70,6 d~1.0~ F and the mean r e l a t i v e  humidity, 38 & 3,2p0 

A t o t a l  of 102 animals was exposed, comprising 6 cats,, 6 male dogs, 20 

guinea p i g s ,  20 female mice, 10 r abb i t s  and 40 rats, The guinea pigs were 

equally divided in 2 groups w i t h  respec t  t o  sexo 

each comprising 10 individuals  of  each sex, 1 group made up of young adults,, ?the 

other  of year-old animals. 

were conditioned f o r  two weeks in  a mist-free exposure chmber ,  During this 

time,,  they were subjected t o  the same conditions of  temperature and  relative 

humidity, da i ly  handling and food deprivat ion as during t h e  exposure period, 

The animals were weighed a t  regular ly  scheduled i n t e r v a l s  and blood specimens 

m r e  obtained from each o f  the 6 dogs f o r  determination of  serum protein,  plasma 

fibrinogen, serum a l k a l i n e  phosphatase and blood urea n i t rogen  concentrations 

and f o r  complete c e l l  counts and determination o f  hemoglobin concentration, 

Two groups of ra ts  were exposed, 

Preceding exposure t o  the  tox ic  m i s t ,  t h e  animals 

U N C L A S S I F I E D  
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k m o t o c r i t  and sadinentat ion r a t e  . 
provided an index of the  s u i t a b i l i t y  o f  t he  p a r t i c u l a r  animals f o r  f u r t h e r  

experimental study as well as  control  va lues  of t he  several  toxicologic  indices.  

Data obtaiaed during tho conditioning period 

The animals mre exposed 6 hours dai ly ,  5 days each week. I t  was 

planned t o  continue the  experiment f o r  3 months, b u t  exposure was terminated after 

63 hours because of t h e  high percentage of mor ta l i ty .  

exposure i n  a l l  spec ies  except cats.  

a moribund condi t ian a f t e r  5 days of exposure. 

guinea p igs  mas 35% with no s ign i f i can t  d i f fe rence  between males and females. 

Thi r ty  per cent of  the mice died wi th in  60 hours of exposure. The lowest 

mor t a l i t y  was recorded f o r  the  rabbi t s ,  only one of which died. The over-all 

mor t a l i t y  among the young rats mas 7'5Swith no s i g n i f i c a n t  d i f fe rence  between 

males and females. 

involving 70$ of the males compared t o  4% of  t h e  females. The guinea p igs  were 

thc f i r s t  t o  succumb, a l l  deaths of ind iv idua ls  o f  this species  occurring wi th in  

t h e  f i r s t  G days of eqosure .  However, a l l  of the guinea p igs  remaining alive 

a f t e r  t h e  6 t h  exposure day survived t h e  e n t i r e  period of l* days i n  t h e  chermber. 

Deaths occurred sporadica l ly  among o the r  species,  beginning a f te r  the  f i rs t  

exposure day. 

Deaths occurred during 

One dog d ied  and another was sac r i f i ced  in 

Cumulative mor ta l i ty  among t h e  

Among t he  o lder  rats, t he  over-al l  m o r t a l i t y  was 55$, 

Vis ib l e  external signs o f  i n tox ica t ion  observed were anorexia i n  a l l  

the  dogs and cats, increased r a l e s  and breathing e f f o r t  among t h e  rats, 

hypervent i la t ion by t h e  dogs, a nasa l  discharge i n  the dogs and rats and 

convulsions, presumably due t o  anoxia, preceding death of the  guinea p igs  and 

mice. The guinea p igs  and r abb i t s  t h a t  survived t h e  entire period of exposure 

gained weight 

12.2 t o  33.7$ 

s teadi ly .  

of t h e i r  pre-exposure weights, w i t h  an average of  21.5%. 

All o f  the cats l o s t  weight, t he  losses ranging f rom 

All of 

U N C L A S S I F I E D  

UR 01134 



. i L A  ., .. , .., 

2R. 

J i J  C L A S  S I F I  Z D  

the  aozs  likewise lost weight, ranging between 8.2 snd 20,2$ of t h e i r  i n i t i a l  

weights. Since one dog died and another was s a c r i f i c e d  a f t e r  t h e  5 t h  day of ' L- 

exposure, t he  da t a  f o r  t h i s  species  a r e  n o t  comparable w i t h  those f o r  t h e  ca t i .  

All the mice and a l l  t he  r a t s  l o s t  weight w i t h  t h e  exception of t h e  young females 

o f  t h e  latter species .  

t o  6.6% of t h e i r  maximal pre-exposure weights. 

males exhibi ted a m i g h t  l o s s  of 22.3%, t h e  females 16,6$ of t h e i r  init ial  weights. 

The weight loss of t h e  young a d u l t  male r a t s  amounted 

b o n g  t h e  one-year o ld  r a t s ,  the 

All of t h e  dogs exhib i ted  an increase  i n  r e d  blood c e l l  co'mt, hemo- 

globin concentrat ion and hematocrit,  which was i n t e rp re t ed  as evidence of  hemo- 

concentration r e s u l t i n g  from severe pulmonary i r r i t a t i o n  and edema. Correlated 

wi th  these  hematologic changes, there  was an increased concentration of  serum 

a lka l ine  phosphatase, plasma fibrinogen and blood urea  n i t rogen  without S i g a f f i C W t  

changes i n  the concentrat ion and d i s t r i b u t i o n  o f  the  serum prote in ,  

the  extremely rap id  onset  of the  changes noted in serum alkaline phosphataae, 

Because of 

plasma fibrinogen and blood u r e a  ni t rogen  concentrat ions,  a s  w e l l  as the  obviously 

severe e f f e c t s  observed in the  dogs, it seems probable t h a t  a l l  o f  t h e  c l i n i c a l -  

chemical f ind ings  a r e  r e fe rab le  t o  hemoconcentration. 

A l l  of t he  animals surviving a f t e r  63 exposure hours were sacr i f iced .  

Autopsies were performed and bone and t i s s u e  sec t ions  were taken for microscopic 

examination. In addi t ion,  au tops ies  mre performed and t i s s u e  sec t ions  were 

prepared from t h e  organs of  animals t h a t  were s a c r i f i c e d  o r  that died during the 

course of  t h e  exposure period, No lesions a t t r i b u t a b l e  t o  t a x i c  e f f e c t 6  of 

beryll ium were observed i n  any organ other than the  lung in any species. 

lung changes mre inflammatory in na ture  and s imi l a r  t o  those previously o b s e n e d  

i n  animals exposed t o  BeSO4,6H20 m i s t ,  

in all spec ies  b u t t h e i r  ex ten t  and s e v e r i t y  var ied considerably. 

The 

The lesions were s imi l a r  in charac te r  

The most  

U N C L A S S I F I E D  
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s t e n s i v e  pulmonary damage was observed i n  t h e  dogs, r a b b i t s  and c a t s  i n  t h e  order 

x n t i o n e d ,  No d e f i n i t e  pathologic changes a t t r i b u t a b l e  t o  beryll ium f luo r ide  

i r -halat ion were found in t h e  lungs of guinea pigs end mice and o n l y m h h a l  effects 

were seen in the  r a t  l u n g ,  

&om t h e  r e s u l t s  o f  t h i s  experiment, it i s  c l e a r  t h a t  t h e  f luo r ide  of 

beryll ium i s  considerably more tox ic  than t h e  su l f a t e .  

BeFZ, was chosen t o  give about the  same l eve l  o f  exposure t o  beryll ium a s  in a 

previous e v e r b e n t  with BeS04-6H20 m i s t  a t  50 mg/m3 (about 2 mg Be/m3), in which 

a median l e t h a l  dose f o r  r a t s  was a t t a ined  a f t e r  2 weeks of exposure. In  t h e  

present  study, 5% m o r t a l i t y  p~as observed among t h e  r a t s  i n  about 2 ueeks d t e r  

exposure t o  a beryl l ium concentrat ion of only about 1.0 mg/m3. 

is, therefore ,  roughly about twice 8s t o x i c  as BeS04. 

h i s to log ic  evidence of damage in the l ~ s  of the guinea pigs, mice and r a t s  is 

d i f f i c u l t  t o  reconci le  with t h e  r e l a t i v e l y  high incidence of  m o r t a l i t y  in these 

species  

The concentration, a8 

Beryllium f luo r ide  

The f a i l u r e  to obserm 

Problem Code: Be,3 (Toxic Limits) 

Section Code: 3210 

Author: H. E, Stokinger 

Production o f  Anemia i n  Acute Experimental Beryllium Poisoning, This 

r epor t  summarizes the  production o f  anemia i n  dogs and rats exposed by inhalathn 

t o  beryll ium s u l f a t e  and describes the nature  o f  anemia and its trea b e n t  dth 

f o l i c  ac id  and vitamin B-12, 

ha8 been recorded i n  these  l abora to r i e s  as a r e s u l t  o f  t h e  inha la t ion  of bergllium 

sulfate m i s t ,  a t  a level of  1 mg/h3. 

Anemia, t e n t a t i v e l y  descr ibed as macrocytic, reoently 

Because t h i s  l eve l ,  which was equivalent t o  
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bu t  40pg Be/m3, produced only border l ine  response and because the p o s s i b i l i t y  

ex i s t ed  t h a t  the  anemia was an advent i t ious  f inding and a somewhat unexpected 

r e s u l t ,  no p a r t i c u l a r  precautions were taken t o  minimize f a c t o r s  that  may h a w  

predisposed the  anemia such a s  common p a r a s i t i c  i n f e s t a t i o n s  and inadequate 

n u t r i t i o n a l  s t a t u s  of the animals, Accordingly, the present  experiment m8 

performed in which these  f ac to r s  were cont ro l led  t o  a g rea t e r  extent .  

pre-exposure period was employed during which t h e  n u t r i t i o n a l  s t a t u s  of t h e  

animals was brought t o  a maximum wi th  d i e t a r y  supplements (Lextrcm)*, p a r a s i t i c  

i n f e s t a t i o n s  were reduced and cont ro l  da t a  on weight and hematologic and bio- 

A 6-week 

chemical var iab les  were followed, In addi t ion,  in order t o  insure a more d e f i n i t e  

response, the l e v e l  of  t h e  present  s tudy was increased t o  approximately 

4 mg BeSOqo6H20/m3, 

Mater ia ls  and Methodso Eight dogs and 40 rats were each divided i n t o  

equal groups, One group of each species  WELS placed on t h e  usual  d i e t ;  the  d i e t s  

of o the r  groups were supplemented d a i l y w i t h  f o l i c  acid a s  p a r t  o f  the study t o  

dekrmine  the  e f f e c t  o f  t h i s  v i t a m i n  on t he  anemia. Dogs were administered f o l i c  

ac id  in amounts of 10 mg per  day i n  2 divided doses by capsule o r a l l y o  

dose l a t e r  vras doubled and f i n a l l y  two weeks p r i o r  t o  t h e  end of t h e  SO-day 

This 

exposure, vitamin 3-12 was administered in dosages of approximately 2 , 5 ~  per 

dog per  day. 

2 mg per  day per  r a t  on the  b a s i s  of food consumed, 

The rats received a dosage of f o l i c  acid amounting t o  approximately 

Weight and mor ta l i t y  records 

were kept  on both species ,  

rats during exposure bu t  only d a i l y  approximate records on t h e  dogs, 

Accurate d a i l y  food in take  records were  kept on the 

On a m e k l y  

bas i s ,  blood counts were made in quadrupl icate  on t he  dogs. Bioahemical 

* A liver-stomach concentrate containing f e r rous  iron and d,t& B complex. 
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deterxihat ions on t h e  blood of these  animals included est imat ion of t o t a l  protein,  

albuzin and globulin,  as w e l l  as alpha, be t a  and gamma globulins and ca lcu la t ion  

of the A / G  r a t i o o  Weekly determinations were also made of s e m  a lka l ine  

phosphatase and serum-dilution tu rb id i ty ,  

Exposure Conditionso The animals were exposed d a i l y  in an approdmAtely 

7 f t 3  chamber to a mist of beryll ium sulfate approximating t h e  composition 

BeSO4o6H20, 

was 3,6 mg/m3 ca lcu la ted  from t h e  spec t rographica l ly  ad jus ted  d a i l y  averages of 

The over-all  concentration of m i s t  to which the animals were exposed 

254 samples taken hourly throughout t he  5-day week of  the 60-day exposureo The 

chamber temperature during exposure averaged 74 Fg t he  relative humidity avuraged 

4 6%. 

Re sul ts , 

Production of Anemiao Both exposed groups of 4 dog8 each developed a 

macrocytic anemia i r r e spec t ive  of t reatment  wi th  f o l i c  acid;  acoordingly, no 

d i s t i n c t i o n  w i l l  h e rea f t e r  be made between t he  responses of t h e  2 groups,, The 

development of t h e  condition w a s  gradual and progressive starting i n  from 1-3 weeks 

a f t e r  exposure t o  beryll ium had begun, 

f a l l  in red  blood count of approximately 2 mil l ion  ce l l s  (?,I = 5,2 X lo6)  after 

Anemia WBB demonstrated by an over411 

6 weeks of exposure; hemoglobin values f e l l  from an average of 1 5  t o  13  g% 

during this interval,  

on the  average fram 69 to 8 6 ~ 3  based on hematocrit  readings, 

a t  t imes during exposure a t t a i n i n g  values ad high as 96 u3, 

anemia of a macrocytic type has been es tab l i shed ,  

A t  the same time, t h e  mean corpuscular volume (MW) rose 

M C V  showed peas 

Thus on these bares, 

b i g h t  Response, Characteristic of acute beryll ium poisoning, 7 of 8 

dogs l o s t  weight progressively,  

of exposure, 

This mas f i r s t  not iced  10 days after the S t a r k  

Losses amounted t o  fram 0,s t o  207 kg i n  dogs averaging 9,1 kg 
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(range 6.&1008 kg)o 

t o  food intake. 

as those t h a t  consumed only p a r t  of t h e i r  d i e t ,  

change during the 60 days of  exposureo 

tcward weight recovery was noted, although th i s  amounted t o  b u t  0,2 kgo 

Typical of b e r y l l i u n  poisonmg, weight l o s a  was n o t  related 

Dogs r egu la r ly  consuming t h e i r  d i e t ,  f requent ly  l o s t  as muchre igh t  

One dog of  t h e  8 showed no m i g h t  

Toward the  end of exposureo a tendency 

Mortal i ty ,  Two of 8 dogs died as a r e s u l t  of beryll ium exposure, One 

dog died following 21 days o f  exposuree t h e  o the r  following 43 days of exposureo 

Although both these  dogs had received d a i l y  supplements of  f o l i c  acid,  it is 

d i f f i c u l t  t o  be l i eve  t h a t  t h e  f o l i c  a c i d  in any pray contr ibuted t o  t h e i r  death, 

Biochemistryo Correlated w i t h  t h e  hematologic f indings wad a hypo- 

albuminemia in a l l  exposed dogs, 

dogs (save one in  which an o s c i l l a t i o n  between noma1 and subnormal values 

occurred) and amounted t o  from 2-3 g%o 

globulinemia occurred i n  5 of the 8 dogs,, a change i n t e r p r e t e d  n o t  as compensatory 

i n  nature  bu t  r e s u l t i n f ;  from t h e  damage t o  globulin-producing t i s s u e s  such a s  

the  r e t i cu loendo the l i a l  system, Likewise, a progressive r i se  occurred i n  t h e  

gamma globulin f r a c t i o n  i n  7 o f  t h e  8 dogs, No appreciable  changes occurred, 

hornever, i n  t h e  t o t a l  serum protein,  

Trends were progressive and gradual i n  a l l  

Concamittently, a progressive hyper- 

A progressive upward t r e n d  was noted i n  t h e  variable designated as 

serum d i l u t i o n  t u r b i d i t y *  in 7 of 8 dogs, 

agreement with the observed r e l a t i v e  hyperglobulinamia because the serum 

f r a c t i o n  r e s p m s i b l e  f o r  a p o s i t i v e  t e s t  of t h i s  f a c t o r  i s  thought t o  be c l o s e l y  

r e l a t e d  to the presence of gamma g lobu l in  i n  the senam i n  r e l a t i o n  t o  the 

f onnation of abnormal l i p i d  p r o t e i n  complexes, 

This f ind ing  i s  considered t o  be in 

* Dreyfuss, F,, J, Lab, C l l n ,  Med,, 33, 672 (1948) 
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&termination o f  s e m  alkaline phosphatase was uninformative. 

In conformity wi th  t h e  hematologic f indings no d i f f e rences  i n  response 

were noted in t he  biochermcal f indings between the  dogs t r e a t e d  wi th  f o l i c  a c i d  

and those riot s o  t r e a t e d ,  

Anemia i n  Rats, I n  c o n t r a s t  t o  t he  dogs in which weekly counta were  

made, only terminal blood counts were made in ratse Values were obtained on f ive 

r a t s  exposed f o r  a period o f  four  weeks and on the  same number exposed for 8 period 

o f  s i x  weekso Red blood counts a t  these Feriods were r e spec t ive ly  6 and 5,s 

mil l ion  compared with vaiues  approximating 8 mi l l i on  p r i o r  t o  exposureo No change, 

however, occurred i n  the  hemoglobin s o  t h a t  t h e  mean corpuscular hemoglobin rose 

from a normal of approximately 2 0  t o  nea r ly  30 on t h e  average, Thus anemia - of 

a d i f f e r e n t  character  has been e s t ab l i shed  -- fn a second spec ie s  exposed d a i l y  - t o  

beryllium s u l f a t e  - m i s t ,  

anemia i n  the absence of hematocrit  data ,  

- -- 
I t  i s  t e n t a t i v e l y  classed as a macrocytic, hyperchromic 

Nature o f  the Anemia, A number o f  i n t e r e s t i n g  a spec t s  of hnemia produced 

by beryllium have been brought t o  l i g h t  from s t u d i e s  on: (1) t h e  required f o r  

development; ( 2 )  duration; ( 3 )  changes in composition of r ed  c e l l  stroma and c e r t a i n  

l i p i d s  of whole red c e l l s ;  ( 4 )  mechanism of anemia production; and (5)  comparisons 

of the  anemias deveioped i n  d i f f e r e n t  species,  

Time-Factors, At; t h e  l e v e l  of 4 mg/m3 beryl l ium s u l f a t e ,  the t r end  

toward anemia development was f i r s t  no t i ceab le  a f te r  one week in some dogs and 

as late as 3 weeks i n  o t h e r s e  In a previous study o f  1 mg, anemia developed only 

a f t e r  from 3-8 weekso Thus the  time of onset  i s  dependent upon t h e  concentration 

a t  which the i n c i t i n g  agent is inhaled, 

of a r e tu rn  t o  normal hematologic status was indicated during the 6 weeks of 

A t  t he  4 mg l eve l ,  no p o s i t i v e  ind ica t ion  

continued d a i l y  exposure,, 

U N C L A S S I F I E D  - 
UR 01140 



34 o 

U N C L A S S  I T I  9 D  

i n  a separate experiment ( 3  d o g s )  e s p e c i a l l y  deslgned t o  determine the  

time f o r  recovery from anemia a f t e r  exposure t o  beryilium, recovery became apparent 

only a f t e r  from 8-10 weeks and then recovery was only p a r t l a l ,  

m i n b i n e d  on t h e i r  usual  d i e t  cf Purina Dog Chow supplemented wi th  Evr Reds bone 

meal, The grade of exposure i n  this-experiment  

was comparable in every way t o  t h a t  of  t he  major study, 

the anemia produced by beryllium 1 s  probably n o t  pormanent b u t  once well-established, 

recovery i s  slowo 

time , 

The dogs were 

This s t u d y  i s  s t i l l  i n  piogresso 

Thus it i s  s h m  t h a t  

Jhether  recovery i s  complete cannot be s t a t e d  a t  the  present 

Changes i n  Consti tuents o f  Red Blood Cell ,  Changes in t he  amounts of 

c e r t a i n  components of stroma and o f  whole red blood c e l l s  were noted i n  t h e  above 

dogs, i n  which recovery s t u d i e s  were made and a l s o  i n  dogs exposed a t  a 1 mg 

l e v e l  of beryll ium s u l f a t e ,  

a s soc ia t ed  with t h e  t o x i c  anemia, 

made c h i e f l y  on dogs and i n  some cases on r a b b i t s ,  One was t he  determination of 

p ro t e in  and l i p i d  o f  the  red c e l l  stroma, the other,  t h e  phospholipid and free 

cho le s t e ro l  o f  the  t o t a l  red c e l l ,  

become anemic f rom beryilfum exposure showed a t  a hematocrit  of  40 volumes pe r  

cent  an abnormal stroma p ro te in  t o  l i p i d  r a t i o  o f  3,2 ,  

l i p i d  r a t i o  is 1,5, 

2,78 m g / m l ;  normal values are respec t ive ly  6 and 4 mg/ml, 

A t  the present  time, these changes are f e l t  t o  be 

Two types o f  biochermcal examinations ham been 

Emmination of t h e  blood of  one dog t h a t  had 

The normal p ro te in  to 

Stroma protein i n  t h e  anemic dog was 8,4 and stroma l i p i d ,  

The q u a n t i t a t i v e  analysis of t h e  t o t a l  r ed  blood cel l  has  shown phos- 

pholipid and cho le s t e ro l  t o  inc rease  upon continued exposure t o  beryllium, free 

cho le s t e ro l  being slower and l e s s  marked than phospholipid in exh ib i t i ng  the 

increase,  

cho le s t e ro l  s l i g h t l y  more than 1 sigma, 

Phospholipid a t t a i n e d  values  more than 2 s i p a  from t h e  normal, 
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:.:echanisr;l o f  Anemia Production, U t i l i z i n g  a s ta inin;  technique developed 

by Kizet*, a determination w a s  made t o  l e a r n  whether beryll ium i n t e r f e r e d  w i t h  the 

- m t u r a t i o r :  of t he  r ed  c e l l ,  This technique involved a s t a in ing  o f  f r e sh ly  drawn 

heparinized b l o o d  with B r i l l i a n t  Cresyl Blue and observing the  c e l l s  both before 

afid a f t e r  incubation a t  3 7 O  f o r  r ipening, by  darkf ie ld  i l luminat ion.  

r ed  c e l l s  by t h i s  technique appear a s  yellow granular orbs, whereas the mature 

red c e l l s  appear as a background o f  dark red-brown c e l l s .  

The immature 

Upon a?p l i ca t ion  of t h i s  technique t o  3 dogs exposed t o  beryll ium s u l f a t e  

rd-,ist for  6 weeks, when anemia amounting t o  a decrease o f  2 mil l ion  c e l l s  had been 

establ ished,  the  number of immature c e l l s  i n  the  c i r c u l a t i n g  blood wa8 SO reduced 

a s  t o  m k e  a measurement of t h e i r  r ipening time use l e s so  One dog showed no 

r e t i zu locy te s  whatsoever; another showed 7 per  thousand and a t h i r d ,  1 6  p e r  

thousand, 

thousand, Thus t h e  cause of the anemia i n  dogs exposed t o  beryll ium might appear 

t o  be due t o  beryll ium slowing t he  l i b e r a t i o n  o f  r e t i c u l o c y t e s  i n t o  t h e  blood. 

2ormoblastic a c t i v i t y  has been noted, however, i n  bone marrow sect ions of dog8 

with  be ry l l i um anemia, Therefore, trouble may a r i s e  in  an e a r l i e r  s t age  in r e d  

cell fornat ion such as p ro te in  synthesis  by t h e  l i v e r o  

The normal r e t i c u l o c y t e  count of dogs ranges from 30-60 or more per 

This conforms t o  t h e  f ind ing  

af' hypoalbuminemia. 

hemolytic ac t ion  o r  t o  n u t r i t i o n a l  e f f e c t s .  

No evidence has been obtained t h a t  t h e  anemia was  due to a 

Anemia Treatment by F o l i c  Acid. 

Rats, 

, 

i lesul ts  of a s ing le  experiment i n  which 20 r a t s  were fed  a f o x  - 
chow d i e t  supplemented wi th  small amounts ( 2  mg per  day per  r a t )  of  folic acid 

showed t h a t  f o l i c  ac id  prevents o r  r e t a r d s  t h e  development o f  anemia in ratdo 

* Acta Med, Scand,, 117, 199 (1944) - 
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:;lco2 cou-,ts, hemoglobin concentration and c a l c u l a t i o n  01’ mean corpuscular hemo- . .  

g l o b i n  (MCH) w e r e  made on 5 ra t s  on the f o l i c  a c i d  d i e t  and a s imi l a r  number on 

the  regular  d i e t  a f t e r  4 and 6 weeks of exposure t o  beryllium s u l f a t e  a t  4 4 m 3 .  

2cd b l o o d  c e l l  counts of t h e  folic-acid t r e a t e d  rats a t  t h e  4 t h  and 6 th  week per ioas  

averaged ’i,9 and 7.3 mill ion,  respectively; r a t a  n o t  reoeiving t h e  f o l i c  a c i d  

supplement showed average red blood c e l l  counts of 6 and 5.5 mil l ion  a t  t h e i r  

respect ive periods. There appeared t o  be a compensatory increase i n  hemoglobin -. 

concentration, f o r  average values of hemoglobin in a l l  4 groups of rats were 

indis t inguishable  from one another,  and valuea of MCH aooordingly rose to an 

average of 27  py&nn3 i n  t h e  rats n o t  reoeiving the f o l i c  a c i d  compared with em 

average of 2 1  i n  t h e  2 r a t  groups reoeiving t h e  f o l i c  aoid. 

f o r  rats i s  2 0 k  2.5. 

-: 

The normal MCH valw 

Beneficial  e f f e o t s ,  o t h e r  than prevention of anemia, a t t r i b u t a b l e  t o  , 

f o l i c  acid adminis t ra t ion have a l s o  been obsemed, These have included effect6 

on general  condition, food consumption, body weight, m o r t a l i t y  and lung weight. 

Food Consumption. Aocurate d a i l y  measurements o f  food i n t a k e  in  groups .1 

of 20  r a t s  each, one with  and one without f o l i c  ao id  i n  t h e  d i e t ,  showed that 

d i e t a r y  intake was approximately 1.5 times b e t t e r  i n  rats given t h e  f o l i c  ac id  

than those no t  receiving t h i s  supplement. 

th. j  d i e t a r y  in take  was measured, t h e  fo l io -ac id  t r e a t e d  r a t s  always consumed more 

than 7% of t he  20 grams administered p e r  r a t  p e r  day; ra ts  on t h e  r e g u l a r  diet ,  

however, consumed commonly amounts a s  low as 3% d a i l y  o f  t h e  80 grams administered. 

After  t h e  f i rs t  4 weeks of exposure, however, less d i f f e r e n c e  i n  d i e t a r y  intake 

w-as noted. 

During t h e  one month per iod i n  which 

. .  

Body Weight, Folic-acid t r e a t e d  ra ts  a t  a l l  times showed a weight 

increase;  rats n o t  receiving f o l i c  aoid l o s t  weight progressively durine t h e  _-:-, . 4  
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.. :rrst 3 ;.reeks o f  exposure, t he  l o s s  amounting t o  125 of  t h e i r  o r ig ina l  pre- 

c q o s w e  weights. 

t h i s  time, homver,  fol ic-acid t r e a t e d  r a t a  had gained 10% of the i r  pre-exposure . 
By t h e  6th week, however, t h i s  l o s s  had been recovered. A t  

vie Ights  . 
blortali ty.  Among t h e  rats on t he  regular  d i e t ,  the  m o r t a l i t y  was 4% 

(G of 23); among those on the f o l i c  ac id  d i e t ,  15% ( 3  of 20). Deaths occurred 

between the  12th  and 21s t  day. 

exposure continued oq through t h e  6 th  week. 

After  that  period, no deaths occurred although 

Lung Weight. A t  the conclusion of t h e  4 t h  and 6 t h  weeks, rats were 

sac r i f i ced  from each group f o r  t h e  purpose of i nves t iga t ing  the manner i n  which 

f o l i c  ac id  a c t s  t o  p ro tec t  r a t a  from beryll ium poisoning. For t h i s ' pwpose ,  t h e  

r a t i o  o f  lung weight t o  body weight was determined as a measure o f  the  amount Of 

l ung  injury. Sect ions were a180 taken f o r  lune pathology and content  of b e r y l 1 i U m .  

At t he  end of 4 weeks, &e r a t i o  of lung weight t o  body weight of t he  

fol ic-acid t r e a t e d  rats averaged 0.88% in  comparison with 1.09% in a s imi l a r  group 

of 5 untreated rets, thus ind ica t ing  g rea t e r  amounts of edema in the animals n o t  

receiving the  f o l i c  acid.  

showed less d i s t i n c t i o n  between groups. 

a d  7 normal d i e t  rats showed values respec t ive ly  of 1.05% and 1.14%. 

Larger groups o f  animals aac r i f i ced  2 reeks  later 

Averaged values  of 11 fol ic-acid t r e a t e d  

A t  t h e  

present  time, no pathology r e p o r t  i s  ava i l ab le  on these  tiasues. 

Beryl l ium Content of Lung and h u r .  The mean t o t a l  beryll ium content 

of lungs o f  fol ic-acid t r e a t e d  rats m s  less than that of rats n o t  receiving f o l i c  

w i d ;  values of  4.8 and 5.9 

d i s t i n c t i o n  between t h e  t o t a l  amounts of beryll ium i n  the femurs of t hese  anhuals 

per  t o t a l  lung  were a t ta ined ,  respect ively.  No 

were noted. These values  were found a t  the  end of 4 weeks of  e x p o ~ w e .  After 

6 weeks o f  exposure, no di f fe rence  between t h e  beryll ium content  of t o t a l  lung - 
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was apparent, being 8.0 and 7.3, respect ipely;  and again no differences between 

content  of  femur i n  the two groups were noted. 

Dogs. In marked con t r a s t  t o  rats, 4 dogs, exposed d a i l y  t o  beryllium 

. l i s t  and receiving d a i l y  supplements of  f o l i c  acid,  showed no difference i n  any 

hcnatologic variable measured throughout a 6-week t reatment  and exposure period. 

Anemia developed as r ap id ly  and t o  the  sanie e x t e n t  as it did in a s i m i l a r  number 

oi' control  dogs receiving no f o l i c  ac id  supplement and exposed under i d e n t i c a l  

conditions. 

red count of 5.2 m i l l i o n  lowered from a n  o r i g i n a l  average count of 7.1, 

Neither group v a r i e d  s i g n i f i c a n t l y  f'ram t h e  over-al l  average of  the 

L i k d a e  

no d i s t i n c t i o n  was noted i n  the  decrease in hemoglobin concentrat ion t o  t h e  2 

Groups which amounted t o  2 g$, 

1:CV i n  both groups of animals t o  approximately 9 0 ~ ~ .  

in dogs upon exposure t o  beryll ium d i f f e r s  i n  2 respeota fram t h a t  i n  rats: (1) 

Associated w i t h  these changea was a rise in the 

Thus t h e  anemia developed 

' 

t..ere is a decrease i n  the  hemoglobin concentrat ion as w e l l  as i n  the red blood 

count; ( 2 )  these decreases were unaffected by prophylactic administration of f o l i c  

acid. 

Anemia Treatment bv Vitamin B-12. Because falic. a c i d  was i n e f f e c t i v e  

i n  modifying the  course of anemia produced by beryll ium i n  dogs even i n  comparatively 

larp,e doses ( 2 0  mg per  day), a f t e r  a period of 6 weeks, vitamin B-12 ma administered 

t o  4 dogs subcutaneously in d a i l y  doses of 2 . 5 ~  per day, 

vitnmin was made i r r e s p e c t i v e  of t h e  p r i o r  treatment o f  animals w i t h  f o l i c  acid 

which WRS stopped after t he  f i r s t  i n j e c t i o n  of vitamin B-12. 

was :iven t o  2 dogs serving a s  controls.  

Administration of this 

No vi tamin B-12 

Within a period of 48 hours a l l  4 dogs receiving vitamin B-12 showed 

t r ends  toward an increase of r ed  blood c e l l s  and reduct ion i n  MCV. 

was caused i n  hemoglobin concentration, howemr. 

No a l t e r a t i o n  

Af te r  approximately 2 Weeks, 
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f y - :  , '. 

-.F.s due ts a coimting error or e. spontcneous remission i s  undecided, Accordingly,. 
e.-- 
?-A ' 

capable of increasing fornat ion of red blood c e l l s  i n  a beryllium-produced anhir. . .  
it cannot be sa id  from these very preliminary t e s t s  whether vitamin B-12 is . .  . 

t = -7. 

A longer time-study is needed. 
: ',.. 2 . i..;.: ' . . 

Conclusions, The chief contr ibut ions of t h i s  study t o  a knowledge of * .  -.- . . 
.- ,F physiologic a c t i o n  of beryllium c o n s i s t  of t he  following, 

(1) An anemia is produced i n  dogs and r a t s  by d a i l y  i n h a l a t i o n  of 

beryll ium su l fa te .  

( 2 )  The 

iden t i ca l  i n  both 

(8) 

. .  
anemia produced by t h e  s ing le  tox ic  agent, beryllium,, is.not 

.. . . 
' . ... 

r. . .( . species.  This i s  based on two observations.  
. I  . . ' 4 .  .. 

-* .<; '. I n  dogs there  is a f a l l  i n  red blood d w n t  and hemoglobin , .  e.. . . . . c  . .  . ". . . 
concentration and a rise  i n  red c e l l  volume Ki th  on ly  a slight o r  

occasional r i s e ,  but  more o f t e n  a fall i n  mean corpuscular hemoglobin 

concentration, thus c l a s s i f y i n g  t h e  anemia as macrocytic without the 

f u r t h e r  reference t o  c e l l u l a r  hemoglobin content. In rats, there  i s  

a docrease i n  red blood count but no concomittant change i n  hemoglobin 

and accordingly a d i s t i n c t  r ise  i n  mean corpuscular hemoglobin, leading 

. 

. 

._ ._ . .  - .  
. -  

- : v  t o  a c l a s s i f i c a t i o n  of macrocytic, hyperchromic anemia. . .  

. .  
(b) The difference i n  response t o  f o l i c  acid i s  d i s t i n c t  in t h e  - 1  

- -. 
I .  ' . 

two species.  

occurred from t h e  use o f  t h i s  vitamin, 

or g r e a t l y  slowed the development o f  t he  anemia and i n  addi t ion produoed . 
i n  t h i s  speciea benef ic ia l  response in 5 other c r i t e r i a  of beryllitmr I 

In  the dog, no e f f e c t  on the  anemia or any other  faotor 

In t h e  ra t ,  f o l i c  ac id  preventod 

.-.I-- - poisoning. . .  
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Thus on a hematologic bas i s ,  there  i s  an ind ica ted  difference in  

the nature  o f  the macrocytic anamia and i n  addi t ion  on a mechanistic 

bas i s  8 s t i l l  g r e a t e r  difference i n  t h e  anemias e x i s t s ,  The cause of 

t h i s  d i f fe rence  awaits f u r t h e r  work. 

( 3 )  The time f o r  t h e  development of t h e  anemia v a r i e s  according t o  t h e  

concentration o f  t he  inhaled, ' i no i t i ng  agent. A i r  concentrat ion of 4 mgh3 of 

beryllium s u l f a t e  requi res  from 1-3 'meke  t o  p r e c i p i t a t e  t h e  a n d a ;  1 mg requires  

p e r i o d s  a f  from 3-8 weeks, The duration of t h e  anemia in a l l  probabi l i ty  depends 

upon the retention time of e f f e c t i v e  concentration of  beryll ium in t h e  S i t e  where 

synthesis  blockage occurs. 

( 4 )  Anemia may be produced by berylJium re ta rd ing  t h e  l i b e r a t i o n  of 

re t icu locytes  i n t o  the  blood, o r  by injuring t he  l i v e r  (or kidney) a8 evidsnoed 

by the reduction in hemoglobin formatian, production o f  hypoalbuminemia and t h e  

doubtful e f f e c t  of vitamin B-12 in dogs. Thue t h e  anemia may be r e l a t e d  t o  the  

over-all disturbance in nit rogen metaboliprn. 

( 5 )  Associated changes were observed i n  t h e  moun t s  of l i p i d  and pro te in  

of the stroma end i n  t h e  phospholipid and choles te ro l  of the blood ce l l .  

( 6 )  The a b i l i t y  of f o l i c  acid to prevent t h e  anemia in ra ts  but  n o t  in 

dogs becomes more understandable in the  l i g h t  of the  somewhat d i f f e r e n t  type of 

anemia produced i n  the  two species. 

Problem Code: Be.3 (Toxic Limits) 

Section Code: 3220 
* 

Author: Ti'. F. Neuman 

A comparison has been made of t h e  t o x i c i t y  of IV BeS04 in Y O W  and a d u l t  
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r a t s .  Although age was an im?or.tant fac tor ,  sex did n o t  a f f e c t  t h e  tox ic i ty .  

LD50 for young (30 day) a lb ino  r a t s  i s  approximately 3 mg BeS04.4 H20/kg f o r  adu l t s  

(150 day) approximately 7.2 mg/kg. 

The 

Problem Code: Be.3 (Toxic L i m i t s )  

Section Code: 3230 

Author: E. A. Maynard 

Weanling rats were f ed  beryll ium carbonate (BeC03*3Be(OH)202R~0) a t  a 

These r a t s  were then  returned d i e t a r y  l e v e l  of 5,% f o r  a period of one month. 

t o  a s tock d i e t  containing no beryllium. 

r a t s  developed t h e  same s o r t  of r ach i t i c - l i ke  l e s i o n s  as reported e a r l i e r  i n  r a t s  

It  i s  i n t e r e s t i n g  t o  no te  t h n t  these  

fed beryl l ium s u l f a t e  a t  a d i e t a r y  l eve l  of 5.@. 

these  animals gave t h e  same p ic tu re  of apparent heal ing followed by  a radio-lucent 

a rea  i n  the' proximal port ion o f  t h e  t i b i a l  shaf t .  

When followed rad iographica l ly  

Histopathological  s tud ies  of t i s s u e s  from r a t s  f e d  beryl l ium metal and 

o the r  r a t s  fed  beryllium oxide ( f luo rescen t  grade) f o r  30 days, a t  d i e t a ry  l s v e l s  

of 0.5, 2.0, and 20.0% disclosed no changes due t o  beryllium. 
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Problem Code: F . 3  (Toxic Limits)  

Section Code: 3210, 3230 

Author: F. A. Smith 

Acute and P i l o t  Feeding Studies ,  

Observations on the  e f f e c t  o f  dietary sodium f luo r ide  in uranium- 

poisoned rats have been reported e a r l i e r  (1) as have a l s o  t h e  blood and urine 

f luo r ide  l e v e l s  of ra ts  fed d i f f e r e n t  l e v e l s  of  sodium f l u o r i d e  i n  t h e  d i e t  

(1oc.cit) .  

fdund by analysia of s ing le  samples taken a t  each level, 

t he  diet intended t o  contain 0.2% sodium f luo r ide ,  actually contained c lose  t o  

0.3% 

In Table 1 below are l i s t e d  t h e  f luo r ide  contents  o f  the diets.e.8 

It w i l l  bo noted that 

TABLE 1 -- 
FLUORIDE CONTEXT OF RAT DIETS 

Sample 
No 

1 

2 

3 

4 

5 

6 

Sodium Fluoride 
Theoret ical  

$ 

Control 

n 

n 

n 

0.10 

6.20 

Sodium Fluoride 
Found 

% 
0.01 

0.005 

0 005 

0.005 

om09 

0.28 
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A t  t h e  conclusion of these  experimeats, t he  surviving animals were- 
: 

sac r i f i ced  and bone end too th  samples removed f o r  f luo r ide  ana lys i s  i n  order- to  

determine the ex ten t  of f l uo r ide  s torage a t  t h e  respec t ive  l e v e l s  of dietary;  

intake.  

data for those r a t a  83 days on d i e t  a r e  shown graphica l ly  in Mgure 1 (Page.45). 

. 

The results of these  analyses are l i s t e d  i n  Table 2 (Page 44) and ths 

_. 
. I  

In this graph, t he  upper d i e t a r y  l e v e l  has  been taken as 0.3% sodium fluoridedas 

approximated by ana lys i s .  Because only ana animal survived on the 0.4% level, t h e  

f luo r ide  contents found f o r  these  samples a r e  n o t  included here. These d a t a = r h m  

a progressive increase  in t h e  f luo r ide  deposi ted as the  l e v e l  of d i e t a r y  intake 

i s  increased. In general ,  s l i g h t l y  more f l u o r i d e  is s t o r e d  by t h e  female, m g h  

the curves f o r  t h e  same t i s s u e s  of  the  two sexes a r e  c l o s e l y  similar 8 h . P .  ' 

The root and c r m  of the  t e e t h  deposited t h e  g r e a t e s t  amounts of f luo r ide , -  

followed by the  epiphysis ,  a lveo la r  diaphysis  i n  dsscending order of  amoants- 

_. 
1- : ~ 

stored. This order  o f  s torage i s  a r e f l e c t i o n  o f t h e  d i f f e r e n t  rates of groxth 

of the various t i s s u e s ,  those showing the  g r e a t e r  growth rate being t h e  t i sana8  

s to r ing  the  greater amounts of f luor ide ,  A two-fold increase  in stored f luor ide  - 

was noted f o r  the  r o o t ;  crown and a lveo la r  bbne of t he  male rats a8 t h e  lsrel of 

dietary in take  was increased three-fold,  

in the  r o o t  and a lveo la r  bone only, 

the  crown of  the female shomd a 1.7-fold increase.  The Cl08ely similar fluoride 

contents  found for the  t'ooth r o o t  and c r m  of  r a t s  on t h e  0.2% l e v e l  f o r  244 and 

The females showed a two-fold inorease .,. . - . 
I- 

The epiphys is  and diaphysis  o f  both sexbs and 
I -  

83 days i s  considered t o  be due p a r t l y  t o  normal a t t r i t i o n  o f t h e  t e e t h  rad par t ly  

t o  the  f a c t  t h a t  t h e  i n c i s o r s  of those  rats on d i e t  f o r  244 days were clipped. 

The cl ippings were analyzed and found t o  contain 1130 ppm f l u o r i d e  (ash  weight). 

The f luo r ide  content found f o r  t h e  epiphysis  of r a t s  on 0,2 and 0.4 per  cent 

----__. -. 
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FIGURE - 1. Fluor2ie  Content cf Osseous Tissues of Rats Fed 
i l i f fe ren t  Levels cf Sodium Fluoride 
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, . -  r , .  ~ . . : c ~ G  :G= - J  ZnVs su;=es’;s t h a t  B ,:axixui storage l eve l  has been reached 

:’or t h i s  t i s sue ,  

i’r33 r a t s  on the  0.4 pe r  cen t  leve l .  

It w i l l  be noted,  however, t h a t  oniy one sample was available 

(1) Quar t e r ly  Technical Report, July 1, E48 through September 30, 1948 (UiE-45) 
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P20G-W.f S.U. 

SPECIAL IdATEFUALS 

Tr3blern Code: S.M.3 (Toxic Limits)  

;action Code: 3210 

iu thors :  Sidney Laskin, Paul Frank, Donald Meier 

2f'ficiency of Sampling Methods f o r  the Collection of Toxic Atmospheric Impurities. 

The exis tence o f  t o x i c  atmospheric impurit ies,such as beryll ium a t  

levels  o f  concentration well  below the  order of magnitude l i s t e d  f o r  t he  common 

toxic  agents, has placed the sampling problem i n  a pos i t ion  of being c lose  t o  itS 

l imi t a t ions  of measurement and efficiency. Previously, acceptable comparative 

values of 9@ ef f ic iency  o r  b e t t e r  a r e  no longer sip;?;amt, s ince  s i z e  

cha rac t e r i s t i c s  and concentrations of t o x i c  agents  may, i n  many cases, be similar 

t o  that of mater ia l  previously passing t h e  sampling.device. In order  t o  a id  in 

t h i s  problem, a program has been i n  progress t o  inves t iga te  t h e  methods f o r  t he  

determination of  the absolute  e f f i c i e n c y  of t h e  ava i lab le  sampling devices. 

' 

.?ar t icular  emphasis i s  being placed on t he  f i l t e r  paper dus t  sampler and 8 

comparative examination of var ious  papers i s  planned. Also projected i s  fur ther  

vork toward the  development of more e f f i c i e n t  sampling devices and a charac te r iza t ion  

of p a r t i c l e  s i zes  with r e l a t i o n  t o  t h e i r  e f f e c t  on t h e  e f f i c i e n c y  of concentration 

sampling devices. 

Most of the procedures f o r  t h e  determination of the  e f f i c i e n c y  of 

sampling methods previously a v a i l a b l e  were comparative in  n a t u r e  and although of 

m l u e  i n  t h e  se lec t ion  of b e t t e r  methods, gave no ind ica t ion  o f  t h e  absolute  

eff ic iency.  Trains of s i m i l a r  or  d i f f e r e n t  samplers were a l s o  used in  which the 

ef f ic iency  was determined as t h a t  of the  r a t i o  of the  concentration i n  t h e  f irs t  

U N C L A S S I F I E D  



sm;1?1er t o  the SLUT of the  s e r i e s , ,  Various r e p o r t s  of such procedures a t  Rochester 

wi th  ifiatrnan #41 paper f o r  various uranium compounds. 

s a ~ p l e r  i n  t h e  s e r i e s  $ i d  n o t  c o l l e c t  any material ,  t h e  train was considered t o  

be loo$ e f f i c i e n t ,  

On t h e  b a s i s  t h a t  t h e  l a s t  

However, objeotions t o  t h i s  procedure have been raised on the 

b a s i s  t h a t  material which passes t h e  f i r s t  paper possessed s i z e  c h a r a c t e r i s t i c s  

which t o  a l a rge  e x t e n t  may have enabled i t  t o  pass through t h e  en t i re  t ra in ,  

i s  of some i n t e r e s t  i n  th i s  respect  t o  po in t  o u t  t h e  good agreement of t hese  

former results with those reported below for a more r e f ined  procedure, 

It 

In order t o  develop B method for  meaeurement of absolute  e f f i c i e n c y  of 

These include t h e  use a sampling device, taro procedures are being invest igated,  

o f  a l i q u i d  ni t rogen cold t r a p  and a flame photometer as elements in a sampling 

t r a i n .  

a l l  mater ia l  t h a t  escapod %he sampling device on t h e  haaia t h a t  t h e  p a r t i c l e s  

would a c t  a s  c r y s t a l l i z a t i o n  nuc le i  €or the r h o s p h e r i c  moisture. 

m s  used t o  permit high a i r  v o l m e s  t o  be d r a m  through t h e  t r a p ,  

!he oold t r a p  was  introduced as means of providing a method f o r  t rapping 

Liquid n i t rogen  

Af ter  several  

preliminary experiments a 2 x 5" v e r t i c a l r o v d  e o i l  oonstructed of 5 turns of 3" 
pyrex tubing was found t o  be a highly e f f i c i e n t  sampling device for an a i r  flow 

of 1 4  l i t e r s  per minute. 

c lose t o  10% e f f i c i e n t  the  flame photometer was developed t o  provide an absolute  

method. 

n a j o r  object ion of requir ing t h a t  t he  a i r  be pushed through t h e  sampling t ra in  

r a t h e r  than drawn through it as i s  conventionally dona i n  sampling. 

however, provide a m e a n s  of  standardizing o t h e r  methods. 

Since it was nsosamary t o  prove t h a t  t h i s  method was 

The flame photometer does no t  provide a simple f i e l d  method and has the  

I t  does, 

The flame photometer developed wa8 constructed from t h e  burner and gas 

con t ro l s  o f  a Beckman Flame Spectrophotometer i n  conjunction with t h e  photocell  
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n-7- a balancing c i r c u i t  0;' a Colemi-i Lniversal Spectrcphotoneter. Since t k e  d i f f r a c t i o n  

g ra t ing  of t h e  Colemn i c s t m e n t  w a s  found t o  bz unsa t i s f ac to ry ,  a Fhrrand 

in t e r f e rence  f i l t e r  w i t h  a peak a t  594 ny and a half band o f  2 12 mp was s u b s t i t u t e d  

:'or s tud ie s  with the  sodium l ines .  These w e r e  chosen because of t h e  exce l l en t  

respcnse and increased s e n s i t i v i t y  of t h e  instrument  i n  t h i s  region, 

e f f i c i ency  s tud ie s  reported,  a l l  atmospheres contained e i t h e r  sodium alone or a8 

a purposef'ul contaminant t o  permit analysis .  

aga ins t  standard NaH2P04 so lu t ions  using t h e  Beclanan a s p i r a t o r ,  

of the instrument was determined a g a i n s t  NaH2P04 so lu t ion  and N a C l  standards. 

nine repeated determinations the mean concentration was 1,37 mg NaRZPO.B/cc with 

a standard deviat ion o f  0.03. 

In t h e  

The flame photometer was c a l i b r a t e d  

The r e l i a b i l i t y  

Fbr 

The source of suspended ma te r i a l  used i n  t h e  s t u d i e s  was an aerosol  

feed wi th  a constant l eve l ing  device as descr ibed i n  previous reports .  The 

aerosol  was conducted t o  a mixing chamber and then t o  t h e  f i l t e r  paper dust sampler 

followed by the  cold t r a p  and the flame photometer. 

on t h e  paper was determined by weight change on a dry b a s i s  or by ana lys i s ,  

m o u n t  r e t a ined  i n  t h e  l i q u i d  ni t rogen t r a p  was determined by analysis ,  

concentrations e n t e r i n g  t h e  flame were est imated from flame i n t e n s i t i e s  by compar- 

i n g  them with those obtained from standard s o l u t i o n s  of sodium chlor ide a s p i r a t e d  

d i r e c t l y  i n t o  t h e  flame, 

The concentration r e t a ined  

The 

The 

Only prel iminary results a r e  a v a i l a b l e  for atmospheric suspensions of 

K a C 1  and UOz(N03)z mixed wi th  N a C l .  

wi th  size-mass medians ranging from 0.70 - 0,75 micra and with 95% of the material 

be low 1.2 - 1.3 micra, Sampling rates var ied  depending upon the t ype  of train and 

conditions of €he experiment. 

t e s t s .  

Pa r t i c l e - s i ze  d i s t r i b u t i o n s  were similar 

Whaiman #31 filter paper was used f o r  a l l  sampling 

U N C L A S S I F I E D  
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With a mixed U02(N03)2-NaC1 atmosphere havins an average concentration 

-:' 59.1 mg U/m3 and 4.7 mg Na/m3, sampled at a r a t e  of 8.8 liters/rnin, t h e  average 

a-usolute e f f ic iency  was found t o  be 95.6% with a range i n  values fram 94.6 - 96.3%. 

.+ second f i l t e r  paper placed i n  the t r a i n  showed an average concentrat ion of 3 . e  

w i t h  a range in values  of 2.9 - S.%. Average concentrat ions of  0.5% with values  

f ron  3.1 - 1.4 g wwre obtained i n  the cold t r a p  and O.Z$ wi th  values from 0.2 t0 

. 

_ -  . * 
r- - 

- .  
0.4s i n  t h e  flame photometer. A source of e r r o r  i n  t h i s  experiment was discovered 

~ .. 

:*:hen it was r ea l i zed  t h a t  p a r t  of the ma te r i a l  co l l ec t ed  in t h e  cold t rap  mi6 

?)eing blown off as  t h e  a i r  in the  t r a p  expanded on being heated t o  room tes?srature .  

3y allowing the  a i r  from t he  t r a p  t o  expand through bubblers, an error up to  0.5% 

i n  the  determination of t h e  filter paper e f f i c i ency  was a t t r i b u t a b l e  t o  the blow 

off'. 

The average r e s u l t s ,  therefore, a r e  reported f o r  comparison w i t h  the previously 

reported e f f i c i ency  values of Whatman #41 paper i n  a two-fil ter-paper t r a i n  

(95.6% compared w i t h  95-9s ) .  

This error i s  within t h e  range of the values  obtained f o r  absolute  ezf ic ienc ies ,  

5 
-- ~ ? 

. .  
,.*I: 

In l a t e r  s tud ie s  a more s a t i s f a c t o r y  method for 

el iminat ing the cold- t rap error was to al low t h e  air t o  expand i n t o  rubber 

balloons containing water s o  i h a t  thorough scrubbing would oocur before r e l ease  

. .  

t o  the  atmosphere. 
_ .  

With a sodium chlor ide  atmosphere a t  average concentrat ion of 29 mg 

Na/m3 sampled a t  11 liters/min,,  the absolute  e f f i c i e n c y  of Whatman #41 p a p =  

was found t o  be 96.1% wi th  a range in values  fran 95.2 - 97.3%. 
- ._ 

Only one filter . 

. .  ... paper was  used i n  t h i s  t r a i n  followed b y  the cold t r a p  and flame photometer. 

The average peroentage r e t a ined  by the cold t r a p  was 3.8% with a range frm 2.6. 

to  4.7%. Only 0.1% of  t h e  t o t a l  sample was found t o  en te r  the flame photometer. 

' 

. , 

These r e s u l t s  i n d i c a t e  t h e  high e f f i c i e n c y  of t he  cold t r a p  and suggest i t s  use 

alone as  a m e a n s  of  determining f i l t e r  paper e f f i c i e n c y  by conventional methQd8. . 
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A i r  
Conc. 

mg Na/m3 

4 .1 
4.2 
4.3 
5.3 
4 04 
4.8 

V N C L A S S I F I E D  

% Retained 
on First 

F i l t e r  Paper 

94.8 
94.7 
94.5 
95.2 
96.9 
96.3 

. "  
. . _ .  - :. .' . In another s e r i e s  of experiments, the flame photometer a l a e  was used .. . 

t o  determine the e f f i c i e n c y  of Whatman #41 f i l t e r  paper aga ins t  a mixed atmsphere 

o f  UOZ(N03)2-hC1 aerosol  a t  an average concentration o f  53.2 mg U/m3 and 4 . 5 ~  

Na/m3. 

paper 

resu l t s .  a r e  given in Table 1 below. 

' 

The sampling rate was 13.9 l i ters/min. The average e f f i c i e n c y  of t h e -  

was found t o  be 95.4% wi th  a range i n  values from 94.5 t o  96.3%. Typical- 

TABLE 1 
7- 

Efficiency of matman if41 M l t e r  Paper for Sampling a 
UOz(N03)2-NaCl Combined Aerosol Atmos here a t  

a Sampling Rate of 13.9 Liters&. 

S m p l  e 
No . 
1 
2 
3 
4 
5 
6 

Air 
Conc . 

mg ~/m3 

47.8 
49.4 
50.8 
62.5 
52.0 
56.5 

% Passing t o  
t h e  Flame 
P h o t m e t e r  

5.2 
5.3 
5.5 
4.8 
3.1 
3.7 

For comparative purposes a second s e r i e s  w i th  a t r a i n  of two f i l t e r  

papers and the  flame photometer was studied Table 2 (Page 52). 

concentrations mre 58.0 mg U/m3 and 4.9 mg Na/m3. 

liters/min. 

a range i n  values from 95.1 to 96.0%. 

average value o f  3.1% with a range from 2.8 - 3.4%. 
enter ing  t h e  flame photometer -8 1.3% w i t h  a range frcan 1.2 - I.%. 
ment of the eff ic iency value of 95.6% wi th  t h a t  of the previous series of 95.4% 

'was considered good despi te  t h e  differences in  sampling rate. 

The average 

The sampling rate wa8 10.6 

For t h i s  aer ies ,  t he  average e f f ic iency  was found t o  be 95.6$ w i t h  

The second filter paper retained an 

The average percentage 

The agree- 

S M l a r  agreemmt 

U N C L A S S I F I E D  .. 
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~ r a s  found i n  the  sum of the second f i l t e r  paper and t h e  flame photometer values 

Sample 
NO. 

1 

2 

3 

4 

of t he  l a s t  s e r i e s  ind ica t ing  good performance of t h e  flame photometer (4.4% 

avorage compared with 4.6%). 

- A i r  Bir $ Retained 
Conc. Conc . on- F i r a t  

mg ~ / m 3  mg ~a/m3 f i l t e r  Paper 

54.5 4.6 95.7 

57.0 4.0 96.0 

56.5 4.0 .95.1 

64.0 5 04 95.6 . , 

TABLE 0 

Efficienoy of whatman #41 F i l t e r  Paper f o r  Sampling a 
U02(N03)2-NaCl Combined Aerosol Atmosphere a t  

- 
a Sampling Bate of 10.6 Liters/Min. 

$ Retained 
on Second 

F i l t e r  Paper 
t he  Flame 

Photometer 

A preliminary f inding of  13me i n t e r e s t  i s  the f a c t  t h a t  predrylng of the 

atmosphere by allowing it t o  pass o m r  a calcium chloride tray before sampling 

yielded higher absolute  e f f i c i e n c i e s  than obtained i n  the r e s u l t s  reported. Within 

the range of sampling v e l o c i t i e s  explored (8-16 l i t e r a  per  min.) t h e  sampling rate 

a t  present  does n o t  appear t o  have e l a rge  e f f e c t  on ooncentration determinat ions 

with the  types of atmospheres studied. 

in c h a r a c t e r i s t i c s  o f  t h e  f i l t e r  paper from sample t o  a m p l e  appear t o  be the 

Variat ions a t t r i b u t a b l e  l a r g e l y  t o  differences 

g r e a t e s t  source of  error. T h i s  f a c t o r  and the e f f e o t  of a wider range of samplhg  

velocities are t he  subjec t  of curren t  investigations. Vork i s  also in progress 

on modification and s impl i f ica t ion  of the t e s t i n g  equipment. 

U B C L A S  S I F I  E D  
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PROGRAM I.S. 

ISOTOPES 

Problem Code: I.S.1 (Tracer  Chemistry) 

Section Code: 3120 

Authors: L. L. Mi l le r ,  W. F. Bale, C. L. Yuile, R. E. Masters, G. H. Tishkoff, 
and G. H. VVhipple* 

Studies  i n  Protein Metabolism i n  t h e  Dog Using C14-Labeled DL-Lysine. 

I. Synthesis and U t i l i z a t i o n  o f  Plasma Proteins.  

Background: S tudies  of p ro te in  n u t r i t i o n  and p ro te in  metabolimn are 

of f’undamental importance i n  seeking an understanding of a v a r i e t y  of phenomena‘ 

of bas ic  concern t o  modern medicine. 

wound healing, convalescence, the  r e s i s t a n c e  of kidneys and l i v e r  t o  spec i f io  

tox ic  agents, and the physiological  burden o f  pregnancy a r e  among t h e  outstandiPg 

Blood pro te in  production and u t i l i z a t i o n ,  

f i e l d s  of  i n t e r e s t  in  which it i s  already recognized t h a t  adequate pro te in  

n u t r i t i o n  and an understanding of p ro t e in  metabolism a r e  c r i t i c a l l y  involved. 

Because under normal condi t ions the  concentrat ions of var ious concentra- 

t i ons  of  blood p ro te in  components a r e  maintained w i t h i n  narrow limits by PhysiOlOgiC 

mechanisms, it was impossible by c l a s s i c a l  methods t o  measure e i t h e r  t h e  r a t e  of 

production, o r  t h e  r a t e  o f  disappearance o f  a given pro te in  component. 

The a v a i l a b i l i t y  o f  syn the t i c  DL-lysine-(-C14 with C14 in unequivocally 

known pos i t i on  (1) has enabled us t o  study n o t  on ly  the incorporat ion o f  this 

* We thank D. B. Leake, D. L. Coon, H. C. Stebbins,  L. DeLaVergne, F. K. Millar, 
J. Levin, B. C. Adelman, J. Rogozinski, and P. Clark for valuable  a s s i s t ance  
in this work. 

This work As a l s o  supported i n  p a r t  by t h e  Off ice  of Naval Research under 
cont rac t  w i th  The Universi ty  of Rochester, N6ori-126 Task VIII. 
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e s s e n t i a l  mino ac id  in t h e  var ious  body proteins ,  b u t  also t o  follow t h e  t h e  

course of the  isotopical ly- labeled blood proteins.  In addition, t he  apparent ra te  

of disappearance o f  t h e  labeled plasma proteins  i n j e c t e d  inta normal r e c i p i e n t  

animals has been s tud ied  in an attempt t o  de f ine  t h e  canpamt ive  behavior of the 

plasza albumin and g lobul in  f ract ions.  It w i l l  be  seen t h a t  i n  t h e s e  experiments 

the globulin f r a c t i o n  i s  turned over more r a p i d l y  than t h e  albumin fractian on 

a gram f o r  gram basis.  

Method: In Experiments D-1-L, D-3-L, D-7-L, normal hea l thy  dog8 were 

f e d  the  DL-Lysine 4-C14 w i t h  d i e t  p ro t e in  i n  t h e  form of hamburg. 

of r a d i o a c t i v i t y  i n  t h e  blood c e l l  and plasma p ro te ins  was followed f o r  12 days 

The appearance 

i n  D-1-L and f o r  27 o r  28 hours in D-3-L and D-7-L. In t h e  l a t t e r  two experiments 

c14 excret ion i n  t h e  expired C02 was also followed and the  C14 d i s t r i b u t i o n  h 

t h e  t i s s u e s  was also determined. 

as heparinized plasma froln t h e  dogs o f  Experiments D-3-L and D-7-L respect ively.  

The labeled plasma was i n j e c t e d  intravenously as a single dose, and the disappearance 

of t h e  labeled p ro te ins  was followed over a period o f  96 and 144 hours respect ively,  

The p l a s m  albumin and g lobu l in  f r a c t i o n s  were separated and the i r  p r o t e i n  content  

and $4 a c t i v i t y  determined, 

In Experiment D-9-L a normal anemic hypoproteinemic dog was f e d  labeled 

l y s i n e  wi th  d i e t  p r o t e i n  and allowed t o  regain a normal blood p r o t e i n  picture.  

The C14 ac t iv i ty  d i s t r i b u t i o n  between the plasma albumin end globul in  f r a c t i o n s  

was followed over a period of 74 days. 

Results:  Experiment D-1-L. - Dog 47-113, DL-lysine -<-C14 1.02 @& 

(26.3) microcuries) was fed  wi th  d i e t  protein.  

t h e  t o t a l  dose of C14 in t h e  u r i n e  co l l ec t ed  over a period o f  24 hours w i t h  Bp 

The dog excreted 34 p e r  cen t  of 

- 
U N C L A S S I F I E D  
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addi t iona l  2 per cent of the t o t a l  dose i n  the ur ine o f  t h e  subsequent 4 days. 

The feces contained only about 0,9 per cent  of the t o t a l  dose which ind ica tor  

t h e  completeness of absorpt ian o f  the f e d  amino aoid. 

- 

The r e l a t i v e  q u a n t i t a t i v e  d i s t r i b u t i o n  of the a c t i v i t y  in the  t i s a w n  

o f  this dog sac r i f i ced  under e t h e r  anesthesia  1 7  days a f t e r  t he  C14 lysine f e ' w  

can be indicated by dividing them i n t o  th ree  groups: 

Group 1: 

carbon and includes l i v e r ,  kidney, spleen, and pancreas in order of deoreasbg 

a c t i v i t y ,  

Group 2: 

Tissues contain 0.030 t o  0,015 per cent of the administered C14 per grn. 

Tissues contain 0.015 t o  0.005 per cent  o f  the  fed  C? per gm. carbon 

and includes lung, cardiac muscle, stomach, s k e l e t a l  muscle, colon, duoden-, 

jejunum, ileum, bone marrow, adrenal,  and 

Group 3: Tissues contain less than 0.005 

.. 
thyroid i n  order  o f  deoreasing acted*. 

per cent  of t he  fed C14 per gm. o e o p l  
. .  . -  - 

.I*-* . . . .  .' . 
. .  

.& '  I 

. .  I -  

and includes v e r t e b r a l  bodies, r i b s ,  aor ta ,  lymph node, and eye in  order  of: . 
decreasing ac t iv i ty .  These t i s s u e s  were blood-free as t h e  r e s u l t  o f  v idpe t f tmion .  .-.. 

Figure 1 (Page 56) presents  t h e  C 1 4  a o t i v i t y  of t he  blood c e l l s  d . t h e  
I. 

14  plasma as estimated from samples taken over the  f i r s t  12 days after t h e  C 
.-4. ._ 

l y s ine  feeding. It is a t  once apparent  that  t h e  per cent fed  C 1 4  Per g m . . O u b O n  
..A .i 

24 hours a f t e r  the labe led  l y s i n e  feed- i s  more than twenty times aa great 86 . 

t h a t  of t h e  blood cell8.  A t  t h i s  time 85 t o  90 per cent  of the plasma a c t i v i t y  

i s  found in  t h e  plasma pro te ins  (as measured in l a t e r  experiments), henos it 

m y  be sa id  that  i n  t h e  non-anemic noma1 dog t h e  red c e l l  proteins aaqai re  b 

considerably lower s p e o i f i c  a c t i v i t y  than t h e  plasma proteins.  Remembering that 

the blood of a normal dog contains  about f i v e  times as much red ce l l  p r o t e a  a8 

plasma protein,  we may conclude t h a t  t h e  - t o t a l  C14 a c t i v i t y  i n  t h e  plasma proteins 

a t  24 hours is about four  t o  f ive  t i m e s  g rea t e r  than t h a t  i n  the blood Of3118 .  
- -  - 

-I . *, .. 
U N C L A S  S I F I  E D  

i I 3 C h  I c1 

, . .. . . , i-. - . . , *  , 

- ..,. . , , 

. . .,. ... 
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UR 01162 



56. 

U N C L A S S I F I E D  

FIGURE 1 -- 

..e 
TOTAL CIRCULATING PLASM4 - TOTAL CIRCULATING CELLS 

&--a TOTAL CIRCULATINQ CELLS 
CORAECTEO FOR BLEEDING 

1- -c--i--- 
I .o I 

1 
I I /  T 

DAYS AFTER LYSINE-&-C'* F E E D I N G  

C14 distribution i n  plaama and c e l l s  af ter  lysins-@4 feeding. 

Experiment D-1-L. Subatantial amount8 of blood were withdrawn 

3, 4, 5, and 9 days after the feeding of labeled lysine with 

hamburg. 

U N C L A S S I F I E D  UR 01163 
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The s p e c i f i c  a c t i v i t y , o f  t h e  plasma ? ro te in  takes about 4 days t o  f a l l  t o  

a l e v e l  equal t o  one-half t h a t  seen a t  24 hours. This i s  i n  good agreement with 

est imates  obtained from a study of  t he  disappearance o f  t ransfused C14-labeled 

plasma. Extrapolation of  t h e  plasma a c t i v i t y  curve t o  the day of s a c r i f i c e  

places  the  final plasma a c t i v i t y  a t  a level s l i g h t l y  below that  of b u t  one 

organ - the l i v e r  which has long been suspected as the  organ most a c t i v e l y  

involved in plasma p ro te in  production i f  n o t  in plasma protein8 turnover and 

- 

reconversion t o  o the r  p ro te in  metabol i tes .  

The blood c e l l  C 1 4  content r i s e s  t o  a maximum over a per iod of 3 days 

and i s  t h e r e  maintained a t  a comparatively constant  l e v e l  during t h e  courae of 

t he  experiment. 

Experiments D-3-L and D-7-L. - Dogs 47-236 and 44-98 r ep resen t  a 

more d e t a i l e d  short-term study of the varying d i s t r i b u t i o n  of C 1 4  act ivi ty  in 

t h e  t i s s u e s  and plasma p ro te in  f r ac t ions .  Experiment D-3-L d i f f e r e d  from D-7-L 

only i n  the f a c t  t h a t  i n  D-3-L t he  dog m s  given only water f o r  48 hours before 

t h e  feedinl; containing the  C14-lysine while  in D-7-L t he  dog had received i t s  

regular d a i l y  r a t i o n  of' kennel d i e t  i n  t h e  days p r i o r  t o  the experiment. 

After  being f e d  2.00 gm. of DL-lysine-(-C14 (51.2 microcuries)  with 

180 gm. o f  l ean  hamburg, t h e  dog in D-3-L exareted 28 per c e n t  o f  t h e  f ed  dose 

of C 1 4  in  the  expired a i r  and 33 per  cent i n  the  ur ine c o l l e c t e d  over . the 24 

hours of the experiment. 

<-CI4 i n  about 150 gm. of lean hamburg and excreted 28.5 p e r  cent and 25.1 per 

cen t  of the fed dose of C 1 4  i n  t h e  u r i n e  and expired a i r  respect ively.  

The dog in  D-7-L received a s i m i l a r  dose of DL-lysine- 

4 

14 Mgure 2 (Page 58) shows t h e  C O2 excret ion and t he  non-protein C14 

a c t i v i t y  of t h e  plasma i n  D-7-1. 

exhaled C1402 c lose ly  p a r a l l e l s  t h e  l e v e l  of t he  non-protein C14 a c t i v i t g  of the 

I t  is c l e a r  t h n t  t he  r a d i o a c t i v i t y  of the 

U N C L A S S I F I E D  
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HOURS AFTER LABELED LYSINE FEEDING 

Experiment D-7-L. 

with C14 i n  expired a i r  (shaded columns), 

C 1 4  a c t i v i t i e s  a f t e r  4 hour period r e l a t e d  t o  

vami t ing  . 

Blood plasma '$4 content cmpared 

Drop in  

U N C L A S S I F I E D  
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?lss~.?,a. 

IT ~ r - i : h  t h e  dog r sgu rg i tn t ea  c a d  -ims rFjZz2 a l r r g z  szmpact ?IO?US' of t h e  food 

i z g e c t z d  a< t h e  s t a r t  of t h e  experi2cnt. 

The ninimxn i n  both occurs a t  a t i n e  c l o s e l y  correspondin; t o  t h e  po in t  

figure 2 (Page 58) i s  representat ive o f  

3-5-i T'S ml1 as o f  D-7-L. 

The t issue d i s t r i b u t i o n  i n  these  dogs i n  order of decreasing a c t i v i t y  is 

: i?alixa-tively and q u a n t i t a t i v e l y  comparable as shown in Table 1 (Page 60). 

billed 25 and 27 hours af ter  feeding of D L - 1 y ~ i n e - f - C ~ ~ .  

Dogs 

The t i s s u e  d i s t r i b u t i o n s  of these s h o r t  experiments d i f f e r  f r D m  t h e  

1 -  -d~;ew u-l-L Experiment i n  t h e  a c t i v i t y  of  t h e  E a s t r o - i n t e s t i n a l  t r a c t  t issues  

::hich a r c  o;nong t h e  most ac t ive  t i s s u e s  o f  the s h o r t  experiments and only o f  

intermediate a c t i v i t y  i n  the longer experiments. 
. 

The l iver ,  kidney, pancreas, and 

s2leen are  seen t o  maintain t h e i r  posi t ions of h ighes t  a c t i v i t y .  

Figure 3 (Page 61) shows t h e  s p e c i f i c  C 1 4  act ivi ty  of the plasma p r o t e i n  

2 a c t i o r . s  (expressed i n  terms of t he  per c e n t  fed C14 a c t i v i t y  per  100 d. of 

p l a s m )  as a funct ion o f  time; i n  the  case o f  both dogs more t o t a l  a c t i v i t y  i s  

i'om,-j in ,:-> .__ p globul in  than i n  the  albumin of 100 m l .  of plasma. Tke chemical 

AI': r a t i o s  shszved no s i g n i f i c a n t  changes while t h e  C 1 4  A / G  r a t i o s  for D-7-L 

;:lorred progressive decrease. 

x h i l c  t h e  e x t e n t  o f  C 1 4  incorporation i n  both p r o t e i n  f r a c t i o n s  i s  s t i l l  

increasic:;. 

This i nd ica t e s  t h a t  t h e  C 1 4  r a t i o  i s  decreasing . 

:his may be a r e s u l t  of a higher lysine content  of t h e  globul in  

f r a c t i o n  m d  a r e f l e c t i o n  o f  a g r e a t e r  r a t e  of formation in grams of t h e  globulin 

f r ac t ion .  The r e s u l t s  of. Experiments D-4-L, D-8-L, and D-9-L po in t  t o  t h e  l a t t e r  

h t e r p r n t a t i o n .  

Although n o t  shown in Figure 3 (Page 61) and f igu re  4 (Page S Z ) ,  t h e  

ex tan t  of Fzcorporation of  C14 i n t o  the  fibrinogen f r a c t i o n  a t  24 hours was 

found t o  bo 0.12 per c e n t  of fed  C 1 4  pe r  5. carbon. 
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FIGURE 3 -- 

Experiments D-3-L and D-7-L. Comparison 

of C14 incorporation in plasma albumin and 

globulin fractions following feeding of 

lys h e -  4- CI4 with hamburg. 
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FIGURE 4 - 

Experiment ~ - 7 0 ~ .  

plaama oarbon fraotiona fo l lodxlg  feeding of 

l y ~ i n e < - C ~ ~  w i t h  hamburg. 

Inoorporatim of c14 in 
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Ekperiments D-4-L and D-8-L. - Figure 5 (Page 64) presents  t h e  observa- 

t i o n s  made on two normal dogs, 44-98 and 46-S-A a f t e r  they were given s ingle ,  

l a rge  (133-200 ml.) Fntravenous i n j e c t i o n s  of heparinized plasma obtained 

i : .xediately p r i o r  t o  s a c r i f i c e  from dogs in Experiments D-3-L and D-7-L. 

5 sh3rvs the  disappearance curves of C 1 4  spec i f i c  a c t i v i t y  for t o t a l  plasma p ro te in  

Figure 

i n  the  r e c i p i e n t  doga. 

L;insma protein l abe led  w i t h  N15  ( 9 )  i s  included f o r  comparison. 

curves of C 1 4  s p e c i f i c  a c t i v i t y  i n  albumin and globul in  f r a c t i o n s  a r e  shown for 

Zqeriment  D-8-L. I t  i s  obvious t h a t  t h e  C1* a c t i v i t y  of  t he  globul in  f r a c t i o n  

A similar disappearance curve e s t ab l i shed  by the  use of 

Disappearance 

decreases a t  a g r e a t e r  r a t e  than t h a t  of the  albumin f r ac t ion .  The data fran 

protein f r a c t i o n a t i o n  from Experiment D-4-L, n o t  included in t h e  f igure,  were 

q u a l i t a t i v e l y  s imilar .  

Experiment D-9-L. - Dog 44-10. This experiment presents  a long-tern 

The dog (74 days) study of t h e  plasma p r o t e i n  albumin and g lobu l in  f r ac t ions .  

44-10 w a s  depleted of plasma p ro te in  and hemoglobin ( 2 )  and then fed a total of  

1.576 gm. DL- lys i~ le<-C~~  (44.5 microcuries) i n  t h r e e  equal doses on successive 

days . 
Figure 6 (Page 65) shows t he  pe r  c e n t  of t h e  f e d  C14 pe r  gm. carbon of 

t he  plasma p ro te ins  as a func t ion  of  time. It i s  a t  once c l e a r  t h a t  n o t  only is 

a l a r g e r  amount of t h e  f ed  C1* incorporated i n t o  t h e  globulin f r ac t ion ,  b u t  a l s o  

t h a t  t he  a c t i v i t y  i n  the  g l o b u l h  f r a c t i o n  drops off more r a p i d l y  than  the 

a c t i v i t y  o f  t he  albumin f r ac t ion .  

Discussion. - L i t t l e  i s  h o w n  of the in vivo metabolism of t h e  essential -- 
m i n o  a c i d  lysine.  Schoenheimer and h i s  colleagues (16) ,  using L-lysine labeled 

with N15 in the alpha amino group and deuterium along t h e  carbon chain, found it 

unique among t h e  amino ac ids  they studied i n  t h a t  transamination d i d  not OCCW. 
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FIGURE 5 
I 

Rate of  deoline in s p e o i i i o  aotivity of 

plasma protein and protein fraotions 

following transfusion of labeled plasma 

fato normal dogs, 
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FIGURE 6 - 

@--a GLOBULIN FRACTI 

0 
TIME IN DAYS 

Experiment D-9-Le 

deoline in speoific activity of globulin 

fraotion of plasma than of albumin fraotion 

following the feeding of l y s i n ~ = € - C ~ ~  to a 

dog originally anemic and hypoproteinemio. 

C u m  sharing more rapid 
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Ir: ':;cir experimental animals, r a t s ,  no reamination o r  synthes is  o f  the  carbon 

c h i n  took place. 

p ro te in  lysine (3). 

o r g m  proteins  i n  t h e i r  experimental animals. 

program here because t h i s  apparent metabolic i n d i v i d u a l i t y  makes it d i s t i n c t i v e  

as a prote in  labe l .  

entity t h a t  was f e d  o r  otherwise administered t o  an experimental animal. 

Also t he  unnatural D-lysine was n o t  u t i l i z e d  as a source of 

These workers did n o t  make a de ta i l ed  study of  t h e  separate  

Lysine was chosen for the i nves t iga t ive  

- 

Labeled ly s ine  i s o l a t e d  from a pro te in  w i l l  be t h e  same 

The da ta  presented here  bear on t h e  metabolic r e l a t i o n s h i p  of tissue and 

b lood  proteins ,  t h e  comparative r a t e s  o r  turnover o f  the  p l a w a  p ro te in  albumin 

and globul in  f r ac t ions ,  and t h e  time neceasary f o r  hanoglobin fonnat ion in the 

intramedullary maturation of t h e  red c e l l .  

Data from Experiments D-3-L and D-7-L show t h a t  t h e  general  metabolic 

f a t e  of t h e  C14 o f  t h e  l y ~ i n e - [ - C ~ ~  was similar in these  two noma1 dogs saoriflced 

25 and 27 hours r e spec t ive ly  a f t e r  t h e  amino ac id  was fed. 

f ed  C 1 4  was incorporated in blood and t i s sues ,  predominantly as  protein,  about 

one-third appeared i n  the  expired COZ, and the remainder appeared Fn the uFh8. 

:lie high ur ine  content  is undoubtedly r e l a t e d  t o  the D-lysine component of the 

rccemic mixture fed. D a t a  from Experiment D-7-L presented in Figure 2 (Page 58) 

show the  p a r a l l e l  r e l a t i o n s h i p  between non-protein C 1 4  c i r c u l a t i n g  i n  the plasma 

and rate of C140 excre t ion  in expired air. This f inding was c lose ly  dupl ica tsd  ., 2 : * .  
i n  D-3-L. 

About one-third of t h e  

- -. 

The p a t t e r n  of C 1 4  d i s t r i b u t i o n  in t i s s u e s  i s  b a s i c a l l y  similar the 

pa t t e rn  reported by o the r  i nves t iga to r s  follawFng t h e  feeding of  tagged amino 

ac ids  (4, 5, 6). It confirms t h e  expec ta t ion  t h a t  t h e  f ind ing  t h a t  an organ has 

a high e a r l y  uptake of one amino acid w i l l  in general  be repeated when s tud ie s  

on o ther  amino ac ids  a r e  ca r r i ed  out. 

i 1 3 0 5 2 1  
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The high C14 content  noted i n  t h e  t i s s u e s  of t h e  gas t ro - in t e s t ina l  tract, 

p a r t i c u l a r l y  t h e  duodenum, i n  t h e  animals s a c r i f i c e d  1 day a f t e r  labeled lyS- 

feeding is s imi l a r  t o  f indings reported after feeding o the r  labeled amino aoidn 

including glycine (4), phenylalanine (5 ) ,  and methionine ( 6 ) .  Sane have concluded 

t h a t  a high concentration in t h e  duodenum o f  t he  labe led  ma te r i a l  f ed  WEE r e fe rab le  

t o  i t s  flmctional a c t i v i t y  in sec re t ing  enzyme pro te ins .  

i n t e s t i n a l  t r a c t  a c t i v i t y  suggests t h a t  t h e  wry rap id  normal r a t e  o f  regenerat ion 

of  the mucosa may be of even g r e a t e r  s ignif icance.  

The general ly  high 

Data presented by us  elsewhere ( 7 ,  8 )  i n  a preliminary form ind ica t e  

t h a t  t h i s  C14 found in t i s s u e  i s  predaminantly in p ro te in  and concentrated largely 

b u t  not exclusively in t h e  l y s i n e  residues of t h e  protein.  

of  C14 are found in other amino ac ids  including t h e  carbon chains of g lubmlo  

acid,  a s p a r t i c  acid,  and f o r  some t i s s u e s ,  arginine.  

S ign i f i can t  amount8 

Synthesis and U t i l i z a t i o n  of Plasma Protein.  - The da ta  presented here 

a re  perhaps o f  p r i m a 4  i n t e r e s t  because of the information t h a t  cen be derived 

concerniqg the  r a t e  of  production a n d  u t i l i z a t i o n  o f  the  blood pro te ins ,  

p a r t i c u l a r l y  the pro te in  camponents of the pleama. 

F i r s t  l e t  us consider t h e  plasma p ro te ins  as  a whole. In t h e  two 

Sxperiments, D-4-L and D-8-L, ( f i g u r e  5 ,  Page 64) i n  which t h e  C 1 4  content  of the 

plasma proteins  was followed af ter  the t r ans fus ion  o f  C1*-labeled plasma to 

r e c i p i e n t  animals, one notes that t h e  dec l ine  decreases  wi th  time. 

24 hours the r a t e  of dec l ine  i a  such t h a t  i f  continued a t  t h e  same average rate 

the  l e v e l  would have reached 50 pe r  cen t  o f  i t s  o r i g i n a l  value i n  28 hours 3n 

In the  f irst  

Experiment D-4-L and 29 hours in Experiment D-8-L. The dec l ine  during the next 

72 hours i n  Experiment D - 4 L  i s  such as t o  correspond t o  a r a t e  o f  reduct ion of 

s p e c i f i c  a c t i v i t y  of 50 per  cen t  in 100 hours. For Ekperiment D-8-L a rate Of .--- 
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reduction of 50 per  cent  in 120 hours can be computed from t h e  dec l ine  fs spedi f ic  

a c t i v i t y  be tmen t h e  39th and 144th hours. 

It i s  t o  be noted t h a t  r e s u l t s  such as these  can only be produced by a 

pre fe ren t i a l  loss of t h e  i n j e c t e d  pro te in  or by a d i l u t i o n  of the  c i rou la t ing  

plasma proteins  by newly formed unlabeled pro te ins  i n  t h e  r e c i p i e n t  animal. 

s p e c i f i c  mass movement of protein8 ou t  of t he  c i r cu la t ion  would have no effeot  on 

A non- 

abundance per p. carbon, i.e., s p e c i f i c  a c t i v i t y .  This i s  p e r t i n e n t  s h o e  

in t h e s e  animals, otherwise e s s e n t i a l l y  normal, 133 m l .  and 200 ml.  plasma 

respectively were in j eo ted  i n  excess of these  animala' normal plaama volume. 

Assuming t h a t  these  animals t r e a t e d  the i n j e c t e d  plasma pro te ins  in a maPller 

ind is t inguishable  from t h e i r  own pro te ins ,  one is l e d  t o  the conclusion that they 

did d i l u t e  o r  replace tho plasma pro te ins  c i r cu la t ing  a t  t h e  time of i n j ec t ion  

by about 50 per cent new plasma pro te ins  in 30 hours and about 75 per cent  in 

150 hours. 

These r e s u l t s  

following the  i n j e c t i o n  

and co-workers ( 9 )  have 

are not i ncons i s t en t  with r e s u l t s  previously reported 

of labeled plasma pro te ins  i n t o  r e c i p i e n t  animals. 

reported that in  s imi l a r  experiments where plasma pro te ins  

pipk 

l abe led  by N15 contained i n  ly s ine  residue were in j ec t ed  i n t o  normal dogs, t h e  N15 

concentration per gm. plasma protein had decreased t o  about 50 per  cen t  of the 

i n i t i a l  value in 24 hours and about 25 per cent  of t h e  i n i t i a l  value in 6 days. 

Very s imi l a r  r e s u l t s  a re  reported by F'ine and Seligman fo l l au ing  the transfaaion 

i n t o  dogs of prote ins  labe led  w i t h  rad ioac t ive  s u l f u r  (10). 

and co-workers (11) found t h a t  the r a t e  of  l o s s  of i n j ec t ed  antibody prote in  in 

r abb i t s  was such that of t h e  amount c i r cu la t ing  2 0  minutea following t h e  h j e o t i o n ,  

62 pe r  cen t  remained in  c i r c u l a t i o n  a f t e r  48 hours and 1 7  per cen t  after 168 

hours desp i te  a l a r g e  bleeding and replacement transfusion between the two 

Also Heidelberger 

U N C L A S S I F I E D  
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determinations 

The f ac t  t h a t ,  i n  the  experiments reported here  8 6  we l l  as - those 

mentioned above, the r a t e  of dec l ine  in s p e c i f i c  a c t i v i t y  i s  n o t  l inear when 

p lo t t ed  on a aemilog paper suggests e i t h e r  t h a t  d i f f e r e n t  canponents of .the plasma 

p ro te ins  a r e  u t i l i z e d  and regenerated a t  subs t an t i a l ly  d i f f e r e n t  rates, a question 

discussed i n  more d e t a i l  l a t e r ,  o r  t h a t  t h e  c i r c u l a t i n g  plamna p ro te ins  a6 a *ole 

. 

f i r s t  come i n t o  equi l ibr ium wi th  a l a b i l e  pool of p ro te in  of about equal amount 

a t  about 24 hours a f t e r  in jec t ion .  

suggested by t h e  observation, shown i n  Figure 5 (Page 64), that the  two p r inc ipa l  

f r a c t i o n s  of the  plasma proteins ,  albumin and globulin,  each show t h i s  more r ap id  

early f a l l  i n  s p e c i f i c  a c t i v i t y ,  

The importance of t h e  l a t t e r  mechanism i8 

There e x i s t s  a considerable amount of extravascular ,  extracellular 

p ro te in  i n  so lu t ion  t h a t  may be c o l l e c t i v e l y  designated as "lymph protein",  

Studies  on t h i s  pro te in  ( 1 2 )  i nd ica t e  t h a t  it i s  i n  constant  interchange with 

plasma pro te ins  and that if t h e  plasma p ro te ins  mre t o  come i n t o  equilibrium 

with it, the  d i l u t i o n  would roughly account for t he  more rap id  early phase of the 

dec l ine  i n  plasma protein s p e c i f i c  activity.  

of plasma proteins  produced by such a simple m i x h g  with so luble  "lymph" pro te ins  

ought no t  in any fbdamenta l  sense t o  be considered a t r u e  metabolism o r  "turnover" 

The decl ine in s p e c i f i c  ac t iv i ty  

of plasma proteins.  

t he  amino acid residue of the  plasma p ro te ins  are replaced, presumably by  the 

synthes is  of new plasma pro te in  molecules, ' is of t h e  order  of 100-120. hours. 

This mobil izat ion of new plasma pro te ins  occurred i n  s p i t e  of  a precedibg 48 hour 

fas t  i n  the  r e c i p i e n t  animal of Experiment D-4-L and t h e  i n j e c t i o n  of subs t an t i a l  

excesses o f  plasma i n  both animals, f a c t o r s  t h a t  should suppress r a t h e r  than 

stimul.ate t h e  mobil izat ion of new plasma proteins.  

Thus them d a t a  suggest t h a t  t he  true time during which half 

UR 01176 
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Estimates by other  authors, u sua l ly  -de from measurements of t h e  . 

abundance o f  l abe led  plasma pro te ins  as a f h c t i o n  of  time following t h e  feed 

o r  i n j e c t i o n  o f  a tagged protein precursor,  have tended t o  suggest t h a t  t h e  r 
~~ p-.q 5 .: 

a t  which plasma p ro te ins  are u t i l i z e d  and replaced in t h e  c i r cu la t ion  i s  coosidzysi..L 

ably slower than i s  cons is ten t  w i th  the maximum 100-120 hour period f o r  u t i l i zak i -  

and replacement o f  50 per cent o f  the plasma p ro te ins  reported above and de& 

f r o m  labe led  plasma in j ec t ion  s tudies .  

f i t t enbe rg ,  and Heidelberger (15)-.suggest about 2 weeks as  the  t ime neoessarg 

f o r  such replacement i n  the  r abb i t ,  according t o  t h e i r  terminology, t h e  h a l f - l i f e .  

, ... >8-,-+". -*; .t 

2 . t  &.& 

For example, Schoenheimer, Ratner, 

~ .. 
7 .  

o f  t h e  plasma proteins .  Data of  t h i s  t y p e  obtained following t h e  

C14-labeled ly s ine  are found i n  Experiments D-1-L ( f i g u r e  1, Page 

(Figure 6, Page 65), and i n  Figure 1 (Page 76) and Figure 2 (Page 

accompanying paper. 

. >  

- =  . feeding o f  a labe led  amino ac id  are l i k e l y  t o  give t h e  erroneous impression that . 

< .  ,.-.- . . .- .. . - 
. ,  . .  . -  ... . .. 

t he  turnover r a t e  i s  slower than i s  i n  fact  t h e  case, This i s  because the 

labeled plasma pro te ins  as they  a re  metabolized and m o v e d  from c i r c u l a t i o  

replaced n o t  by e n t i r e l y  unlabeled proteins ,  bu t  r a t h e r  by proteins again 

incorporat ing some of the labe l ing  materials which was i n i t i a l l y  b u i l t  into o 

t i s s u e  proteins.  

This po in t  i s  i l l u s t r a t e d  by Experiment D-1-L. Between t he  third an 

t he  n i n t h  days some 300 ml. of  plasma were removed containing approximate1 

per  cent  o f  t h e  C 1 4  c i r cu la t ing  a t  t he  beginning o f  t h i s  period. 

p ro t e in  def ic iency was made up by the animal so r ap id ly  by the sgnthesis  of neu' 

plasma prote in  tha t  the re  was no appreciable  drop i n  t o t a l  plasma p ro te in  

concentratioq, 

This t o t a l  

Since the plasma removed accounts f o r  the whole of  the decl 

.- U X C L A S S I F I E D  -- /-  f "  
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i n  C14 concentration per  gm. plasma protein carbon over t h i s  period, any plasma 

proteins  leaving the  blood stream f o r  metabolic purposes must have been replaced 

by new piasma pro te in  of v i r t u a l l y  the iame CI4 ccmtent. 

The f igu re  of 120 hours f o r  u t i l i z a t i o n  and replacement of  one-half of 

the  plasma pro te ins  corresponds t o  an upper average t i m e  o f  exis tence o f  a pro te in  

e n t i t y  in the placrma o f  174 hours. 

p r o t e i r  i s  synthesized corresponding t o  the  t o t a l  c i r c u l a t i n g  plasma pro te in  

probably i s  n o t  g r e a t e r  than 240 hours. 

The period during which an amount of plasma 

a 

The data from Experiment D-8-L p l o t t e d  in  Figure 5 (Page 64) and the 

e s s e n t i a l l y  similar r e s u l t s  of Experiment D-4-L n o t  presented i n  d e t a i l  here  .a 

the s2ec i f i c  a c t i v i t i e s  of albumin and globul in  f r a c t i o n s  a f t e r  i n j ec t ion  of 

labeled plasma show t h a t  there  i s  a more rap id  decrease o f  C14  ooncentratian per  

gm. globul in  than per  gm. albumin. The two curves are a l i k e  in t h a t  n e i t h e r  i s  

l i n e a r  when p l o t t e d  on semilog paper and t h a t  both show a more r a p i d  hitid 

declir,e i n  s p e c i f i c  a c t i v i t y  corresponding in magnitude t o  a replacement 5n the 

plasma during the  f i r s t  20 hours of about 40 per cent  of both c i r c u l a t h g  albumin 

and globulin. 

a nlxing with e x t r a c e l l u l a r  lymph protein.  

the  C1* abundance per  gm. globul in  carbon had declined t o  22 per cent of i t 8  

I t  wa8 e a r l i e r  suggested that this rap id  i n i t i a l  decl ine represented 

Over a period o f  144 hours, hornvet, 

i n i t i a l  value, t h a t  of the  albumin f r a c t i o n  t o  only 40 p e r  cent  of i t 8  init ial  

value . 
Data presented i n  Figure 3 (Page 61) and Figure 4 (Page 62) from 

Zxperiments D-3-L and D-7-L show that i n  presumably normal dogs 24 hours a f t e r  

labeled ly s ine  feeding, t h e  amount of C 1 4  incorporated i n t o  the  globul in  *action 

of plasma protein w8s greater  than t h a t  incorporated i n t o  t h e  albumin f r a c t i o n  - 
about 50 per cent  g r e a t e r  i n  the  f i r s t  experiment, and 100 per  cent  greater i n  

U N C L A S S I F I E D  
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the aecond. 

p l a m a  and r e s e m  pro te ins  shomd a similar response. 

a1~0unL of C14 per p. carbon was about 40 per  cent  higher i n  the  globul in  tbaa 

in the  albumin f rac t ion  24 hours a f t e r  the l a a t  of  &ee d a i l y  Peedings of C l 4 -  

labeled lyaine.  

f e l l  more rap id ly  than t h a t  of the albumin so t h a t  6 days l a t e r  they  were equal 

and i n  another 9 days t h e  s p e c i f i c  a c t i v i t y  of the globul in  waa only 63 per cent 

of the  albumin a c t i v i t y .  

A l s o  in Experiment D-9-L (F'igure 6, Page 65) a dog depleted of 

In this inst!~-noe the 

Subsequently on a stock d i e t  t he  s p e c i f i c  a o t i v i t y  of t h e  g l o b d i n  

Such r e l a t i v e  changes i n  s p e c i f i c  a c t i v i t y ,  namely the grea te r  incorpora- 

t i o n  of C14 into the plasma globul in  than  albumin during the period when this 

mater ia l  was avai lab le  f o r  synthes is  and more s i g n i f i c a n t l y  the considerably 

shor te r  period required f o r  t he  disappearance of  l abe led  globul in  than albumin, 

i nd ica t e  a more rap id  metabolic turnover of the components comprising t h e  globul in  

f r a c t i o n  than o f  the albumin f r a c t i o n ,  

manufacture excessive amounts of plasma pro te ins  by extensive p lamapheres i s  would 

be more able  to maintain p l a m  globul in  than plasma albumin a t  something approach- 

i n g  normal l eve l s ,  

plamna albumin and globulin levels  following plasmapheresis in dogs (13). 

T h i s  suggests t h a t  an animal forced t o  

That t h i s  i s  i n  f a o t  t r u e  has been v e r i f i e d  by s tud ie s  of 

Synthesis of  Blood Cell Proteins .  - In Experiment D-1-Lwith a dog 

e a s e n t i a l l y  normal except  f o r  a preceding 72 hour fast  as shown in Figure 1 

(Page 56), about 70 per cen t  of t h e  t o t a l  incorporat ion o f  C14 t h a t  occurred in 

hemoglobin in a 1 2  day period took place in  the f i rs t  3 days. 

D-2-L described in an accompanying paper, following t h e  feed,ing of C14-labeled 

l y s i n e  t o  a dog both anemic and hypoproteinemic, of  the  maximum incorporat ion of 

In Experiment 

some 6.8 per  cent  o f  t h e  f ed  C14 in blood c e l l s  over a 22 day period, some 80 

per cent  took plaoe i n  the first  5 days. 
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3 m o g l o 5 i n  i s  t h e  preaoninant substance in  the r e d  cell i n t o  which t h e  

C 1 4  administered as lysine would be incorporated. These data, therefore ,  suggest 

t h a t  the pe r iod ,o f  bone marrow maturation of the red c e l l  during whioh hesloglobin 

i s  synthesized does n o t  exceed 3 t o  5 daya. 

This is c o n s i s t e n t  w i t h  t h e  observation t ha t  folloKing t h e  feeding o r  

i n j e c t i o n  of small amounts of r ad ioac t ive  i r o n  into dogs made anemic by bleeding, 

the  incorporat ion o f  most of t h i s  i r o n  i n t o  c i r c u l a t i n g  hemoglobin occurs over a 

period of 3 t o  5 days (14). Also this period correspond8 to the time intern1 

before a maximum r e t i c u l o c y t e  response a f t e r  a s i n g l e  massive bleeding, 
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Section Code: 3120 

Authors: tv. F. Bale, C. L. Yuile, L. DeLaVergne, L. L. f i l l e r ,  and G. H*-miPPle* 

11. Hemoglobin Labeled by Radioactive Lysine - Erythrocyte Life Cycle. .- . 
Background: This paper r epor t s  on t h e  u t i l i z a t i o n  of  the tagged e p s i l o n  

carbon o f  DL-lysine by a dog both anemic and hypoproteinemic due t o  r e p e a t e d .  

bleeding p lus  a d i e t  low i n  protein.  

234 days, a time s u f f i c i e n t  t o  i n d i c a t e  an erythrocyte  l i f e  span of  a t  least  115 

The experiment extended over a period of 

. _  - 

days based upon the rate of replacement of l a b e l e d  red c e l l  proteins. 

pro te ins  of broken down red  ce l l s  seem not t o  be used w i t h  any g r e a t  prefersnoe _ _ _ _ _  
The 

- _ _  
. * *  

9% * ,,' 
.-- .;r - ~ -. . .  f o r  the  synthesis  of new hemoglobin. 

Method: Dog 44-10 a mongrel, adu l t ,  male Collie. On a regime Of ' .&. - - .  . - 
repeated blood withdrawal plus a low pro te in  d i e t  t h e  blood hematocritlralr 

reduced from a normal 54," t o  a value of 37.3 p e r  cent over a period of onb 

month immediately preceding the  s t a r t  of t h i s  experiment. P l a n a  p r o t e b  

- - . - __  - * We thank Dr. R. E. Idaaters, F. I[. Millar, and B. C, Adelman f o r  valuable  
aas i s t ance  i n  th i s  work. 

This work 0rra8 a l s o  supported in p a r t  by t h e  Office of Naval Beaearch under 
con t r ac t  with The Universi ty  of Rochester, N6ori-126 Task VIII. 
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_._ 
x c e n t r a t i m  f e l l  from 6.75 to 4.71 p. PEr 1Z3 31. : ) i&s~?a.  . e i z h t  f e l l  from 

1.1.5 to 15 k i l o s .  

The dog was given, by mouth, mixed wi th  100 p. of hamburg, 0.58 gm. of 

The 3L-lysine which contained 1 5  microcuries C14 i n  t he  eps i lon  carbon posi t ion.  

lysine synthesis  had been ca r r i ed  out  as described by Helmkamp and co-worker8 (7). 

The dog took t h i s  feeding eagerly. 

basal d i e t  low p r o t e i n  b i s c u i t s  w a s  supplemented w i t h  an add i t iona l  50 gm. of 

hamburg. The dog received d a i l y  f o r  t h e  n e x t  3 days 400 gm. o f  b i s c u i t s  plua 

100 e. hamburg, 

f o r  the  r ap id  regeneration o f  plasma and blood c e l l  proteins .  

the  red c e l l  hematocrit  rose t o  48 per  cen t  in 2 weeks and 52  per cen t  a t  the 

After  4.5 hours a feeding of 400 gm. of t h e  

The dog was then returned t o  a standard kennel d i e t  adequate 

Under t h i s  r e g h e  

end of 5 weeks. 

in 2 weeks and 6.75 gm. per  100 ml .  in 5 weeks. 

Plasma proteins  rose from 4.n p b  t o  5.9 g m b  per 100 mi. p la8m 

Blood samples o f  about 15  ml. each were withdrawn and mixed wi th  0.1 

m l .  o f  s a tu ra t ed  sodium c i t r a t e  at times indicated by t h e  po in t s  on figure 1 

(Page 76) and Figure 2 (Page 77). 

plasma and the  c e l l s  then washed twice wi th  normal s a l i n e .  No e f f o r t  was made 

t o  separate erythrocytes  from o t h e r  centrifugable,  formed elements of t h i s  

blood. 

The blood samples were centr i fuged t o  separate 

One gram port ions of  dehydrated blood c e l l s  and t h e  dr ied s o l i d s  from 

about 7 ml. of plasma were used f o r  individual  C 1 4  measurements. The carbon 

of such samples was converted t o  C02 by a w e t  oxidat ion and introduced i n t o  an 

i on iza t ion  chamber of 1200 ml. volume. 

Ionizat ion c u r r e n t  measurements were made with a dynamic condenser electrometer 

(1).  

port ions were analyzed f o r  C14. 

f o r  plasma and urine.  

The volume o f  evolved C02 was determined. 

Q u a n t i t a t i v e  u r ine  co l l ec t ions  were made wi th  a metabolism cage and a l i q u o t  

Single  r a d i o a c t i v i t y  determinations were made 

Blood c e l l  C 1 4  analyses w e r e  mostly done i n  dupl icate ,  

U N C L A S S I F I E D  
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FIGURE: 1 -- 

Concentration of C14 in plasma and blood 

cell carbon following the feeding of labeled 

lysine to an anemic and hypoproteinemic dog. 
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Amount of C14 c i r c u l a t i n g  in the  plasma 

and ce l l  f r a o t i o n s  of  t h e  blood. The 

approximate life span of t h e  red c e l l s  

i a  indicated.  
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h t e r v a l s  o f  about +avo months separat ing the  dupl ica te  determinations, 

d u p l i c a t e  analyses gave reasonably corresponding r e s u l t s ,  

found between duplicate8 w a s  18 per cent, the  average difference,  5 per cent. 

da ta  f o r  blood c e l l s  presented a r e  an average of  dupl icate  valuea. 

The 

The g r e a t e s t  dif'fersnoe 

Ths 

Results: The urine specimen removed *om the metabolism cage 8 hours - 
a f t e r  the adminis t ra t ion o f  labe led  l y s i n e  contained 27.8 per  cent  of t h e  

ndmnis te red  C14. 

p e r  cent. 

T o t a l  C14 recovery from u r i n e  up t o  72 hours t o t a l l e d  34.9 

Figure 1 (Page 76) shows concentrat ions of CI4 per  gm. of plasma carbon 

and per gm. of blood c e l l  carbon following the feeding o f  labe led  lysine.  

2 q e r i m e n t s  reported i n  d e t a i l  (5)  i n d i c a t e  t h a t  the plasma C14 values for period8 

~f 24 hours and longer after labeled l y s i n e  feeding represent  predominantly 

radioact ive carbon incorporated in  plasma proteins.  

The drop i n  C 1 4  concentration per  gm, carbon i n  the  blood c e l l s  (Figure 

1, ' k p  76) in the 10 t o  35 day period represents  predominantly a d i l u t i o n  of 

lebeled c e l l s  with new c e l l s  which t h e  dog i s  able t o  form aa  the r e s u l t  of an 

adequate diet .  

F'igure 2 (Page 77) shows t h e  t o t a l  inoorporation of C14 in c i r c u l a t i n g  
- - -  . 

c e l l s  and c i r c u l a t i n g  plasma. The ahape of curve shown i s  very similar to t ha t  

r e s u l t i n g  if the concentrations of C14  in the c e l l a  and p l a w a  of a unit quant i ty  

oZ blood are p l o t t e d  a s  a funct iun of time, In computing t h e  curves of Figure 

2 plasma values are baaed upon experimentally obtained plasma volumes. 

value o f  c i rcu la t ing  c e l l s  i s  estimated a n  82 per cent of t h e  value d i r e c t l y  

ca lcu la ted  from hematocrit  and p l a m a  volume determinations (2, 3 ) .  

The 

No direct 

data  were obtained concerning the  chemical form of the  

blood c e l l s  of t h i a  dog. In a r a t  t h e  erythrocyte  C14 

CI4 incorporated in the 

f o l l o w h g  feeding of  t h i s  
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tagged ly s ine  was found almost exclusively in  the globin port ion of t h e  i s o l a t e d  

heno gl ob i n  mole cul  e 

Blood l o s s  through sampling over t h e  234 days o f  t h i s  experiment r ep resen t s  

about me- th i rd  of t h e  dog's calculated 1000 ml. blood volume. No cor rec t ion  for-  . -  ' 
-_ 

t h i s  l o s s  i s  made in computing t h e  data  f o r  Hgure 1 (Page 76) and Figure 2 (Page 

7 7 ) .  
t -  

I. .-* 
Discuasion: Figures 1 and 2 demonstrate t h a t  t h i s  dog, depleted of' both- 

henoglobin and plasma proteins ,  u t i l i z e d  t h e  eps i lon  carbon of  lyaine with less 

l a g  in building plasma proteins  than i n  bui lding blood ce l l s .  

there i s  a turnover o r  u t i l i z a t i o n  of newly formed plasma p ro te ins  as represented 

by a drop i n  C 1 4  content  even under conditions where t h e  animal i s  d e f i c i e n t  i n  

Figure 2 s h a m  that 

c i r cu la t ing  p l a w a  p ro te ins  and on an adequate d i e t  i s  cons t an t ly  increasing the 

t o t a l  amount of plasma proteins  i n  c i r cu la t ion .  

Even when the  t o t a l  C1* content  of  t h e  plasma p ro te ins  is decreasing, 

the newly formed plasma proteins  presumably may contain CI4 derived from lab i le  

body p ro te in  deposi ts ,  for example, l iver.  

curve can be used only t o  set a loner  l i m i t  for the  average rate of turnover of 

Therefore, t he  C I 4  plasma disappearance 

plasma proteins.  

dropped from 4.4 to 2-2 per  cen t  of t h e  administered dose in a period of 5 days, 

As can be aeen i n  FYgure 2, t h e  C14  content of  t h e  p l a w n  

On the assumption t h a t  t h i s  drop i s  logarithmic in nature,  one can then  compute 

that t he  average turnover of the plasma p ro te ins  incorporating C14 occurs in 
. .4 - 

less  than 10 dayu. Corrections f o r  blood l o s s  do n o t  s i g n i f i c a n t l y  change this  .. . 

figure.  

In contrast ,  a s  s h m  in Figure 2, the C 1 4  content of the pooled oellular 

elements of t he  blood increased much more slowly so t h a t  a peak value was: achieved 
. --_ 

in 5 days. About 80 days af ter  t h e  t i m e  of adminis t ra t ion  of tagged lysine the 

U N C L A S S I F I E D  



80. 

U N C L A S S I F I E D  

Cl4 content of t h e  blood c e l l s  began t o  fall rapidly.  

a t  about 155 days. 

I t  reached a new plateau 

This new l evs l  corresponds, a s  can be noted from-Pigure 1 

(Page 76), t o  a C14 content  per gm. carbon approximately t h e  same as the plasrPa 

l e v e l  o f  the  60-150 day period. 

in the  blood c e l l s  from C 1 4  has been mostly removed during t h e  period of 80-150 

days and has been replaced from a pool w i th  about the CI4 content  of plasma protein 

over this period. 

t h e  point  a t  which t h e  C14  content  o f  blood c e l l s  aohieves 50 per cent  of i t 8  

maximum value and t h e  po in t  where t he  C14 content  has decreased t o  a poin t  d.dWt3y 

between this maximum va lue  and t h e  p la teau  value beginning a t  180 days. 

This suggests t h a t  t h e  material i n i t i a l l y  formed .. - 

’ ,- 

. -  

r . , .  

As shown i n  Figure 2 (Page n), about 110 days elapse betrreen 

T h i s  

poriod of 110 days c l e a r l y  represents  an approximation of t he  average t ime  spent  

i n  red  blood c e l l s  by C 1 4  atoms. 
” .  

The above da ta  are predominantly an i n d i c a t i o n  o f  the f a t e  o f  CI4 

incorporated i n  the  erythrocyte  and show that the average time spent  i n  erpthrocytes 

by C14 administered t o  t h i s  dog a a  DL-lysine eps i lon  carbon is about 110 days. 

One type of red  c e l l  removal was through blood sampling. A correc t ion  for such 

erythrocyte l o s s  suggests t h a t  had no blood samples been taken, the above f i g u r e  

would be increased a t  l e a a t  t o  115 days. 

The above f i g u r e  of about 115 days is close enough t o  t h e  erythrocryts 

l i f e  span of  about 124 days for the average dog, as determined by Hawkins and 

:;Mpple (4), t o  auggeat that what i s  a c t u a l l y  being measured here i s  t h e  l i fe  

span o f  t h e  dog’s erythrocytes .  The prote ins  of &e ery throcytes  of this dog are 

therefore  predominantly f i m d  and 8 tab le  e n t i t i e s  which, subsequent t o  the 

formation o f  the c i r c u l a t i n g  red c e l l ,  do n o t  undergo metabolic recons t ruc t ion  

or ,turnover during t h e  c i r c u l a t o r y  l i f e  6pm of the  cell ;  a t  l e a s t  this experiment 

gives  no evidence of turnover. This f inding i s  similar t o  the r e s u l t  reported -- - 



81 

U N C L A S S I  F I Z D  
,- 

by Shemin and Rittenberg (8 )  in a study of hemin of the human erythrocyte  ca r r i ed  _ _  
' . " .  

4 . d . "  

&A. 

ou t  mith Ill5 used a s  a labe l ing  element. :" , %$ . - 

Some f u r t h e r  deductions from t h e  da ta  obtained on this dog are platmibls  ..**'\4 
-. 

'L 
The c i r c u l a t o r y  l i v e s  of t h e  erythrocytes  labeled i n  t h i s  dog are n o t  

bu t  f a l l  predominantly in the range 80-150 days. 

content  o f  c i r cu la t ing  c e l l s  occurs over t he  period 110-130 days a f t e r  t h e  1 

amino acid feeding. 

g r e a t e s t  b i l e  pigment excre t ion  reported by  Hawkins and V'fhipple (4 )  in t h e i r  

-e.. $ ~ - .* 
The g r e a t e s t  r a t e  of drop o f :  

This period of time probably corresponds t o  the period 

. .  
u c  ?>-:. I 

red c e l l  l i f e  span experiment8 using b i l e  fistual hea l thy  dogs. 

One f u r t h e r  conclusion appears reasonable. The drop of CI4 conce&mtim 

per gm. carbon in c i r c u l a t i n g  c e l l s  t o  a value a t  160 days C l O S e  t o  t h e  plE6mU- 

value of  the  60-120 day period suggests that  the globin  from destroyed c e l l 8  i o :  . .  ,g: d * ? + .  ' 
.I 

. _  

. . * !. : --; .. 
not  used wi th  g r e a t  preference i n  t h e  formation of new c e l l s ,  Rather it sesmrr -.j - ).. . . .  
t h a t  t h e  amino ac ids  fo r  new hemoglobin formation are drawn from a much l a r g e r  - 

l a b i l e  body s t o r e  o f  which a t ' a n y  one time t h e  plasma pro te ins  w i t h  regard t0 

CI4 content  seem t o  be an adequate sample. This i s  i n  harmony with t h e  observa- 

t i o n s  ( 6 )  that show t h a t  i n  a f a s t i n g  dog n i t rogen  balance can be c lose ly  or. _._ - 

a c t u a l l y  sustained by dog hemoglobin given in t r ape r i tonea l ly ,  

- . ,  Summary: A dog, doubly depleted o f  blood c e l l s  and plasma proteFns,,.. .. '. e;-;. .;,<-.: . . 

In the  first _.. i. '+. 
..*.? : - : 

i 'i was fed  DL-lysine labeled w i t h  C14 in the  

8 hours 28 per cen t  of the administered C14ms excreted in t h e  urine; in tb-- ...I '-. ' ...: 
+: ,*L. 

eps i lon  carbon posi t ion.  .. ._I .. . . . . . . 
. _ I  . . .  - .  

.+_ ~ 
' 

. I  -. . . 

. .  , , . A I  

f i rs t  72 hours, 35 per  cen t ,  - . -I 

- ..,.(. . . .  
.. . . .  !Cwenty-four hours af'ter feeding, 4.2 per  cen t  o f  t he  f ed  C14 W E ~ S  . .  - - .  ~ 

c i r c u l a t i n g  in  the plasma, decreasing t o  1 per cen t  a t  t h e  end of 17 days, Thb ' \ .  ' 

. ,- - 
C l 4  content  of the blood c e l l s  increased from 1 per cent  a t  24 hours t o  5.5 per ' ' 

cent in 5 days and 6.8 per cen t  in 22 days. 
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Zvidence based on t h e  r a t e  of  decrease o f  the C14 content  of  c i r cu la t ing  

'alood c e l l s  i s  presented ind ica t ing  an average l i f e  of 115 days f o r  t h e  ergthrocyte 

p r o t e i n  as an e n t i t y  not interchanging w i t h  e x t r a c e l l u l a r  cons t i tuents .  

closely corresponds to the l i f e  span o f  the  dog erythrocyte ,  112-133 days acoord- 

in& t o  the bes t  evidence otherwise ava i l ab le  and ind ica te6  that this experiment 

has a c t u a l l y  measured t h e  l i f e  span o f  t h e  dog erythrouyts. 

This 

On the breakdom of' blood ery throcytes  the pro te in  comprising them is 

not used p r e f e r e n t i a l l y '  f o r  the formation o f  new ery-throcfleb. 
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x c t i o n  Code: S l 7 l  

Author: George A. Boyd 

Autoradiographic Determination of Alpha-Zmitting Contamination o f  Beryllium. 

Background: It  was suggested t h a t  this sec t ion  use autoradiographic 

techniques t o  i nves t iga t e  the  p o s s i b i l i t y  of  cosmic r ad ia t ion  producing intense 

loca l ized  ion iza t ion  i n  beryllium. The quest ion was  ra i sed ,  could such a process 

be a contr ibut ing factor in beryll ium poisoning? 

’ bbthod and Results: The Eastman Kodak Research Laboratories impregnated 

a n  NTB, 50 p emulsion, $391;989, on September 30, 1948, wi th  0.4 grams of beryll ium 

per cm2. P l a t e s  were developed in D19 t o  bring out  all nuclear  t r acks  above 

mesons in s p e c i f i c  ion iza t ion  on the  following da tes :  

I n t e r v a l  af ter  Zanufactu-e 
Dates o f  Development (in Days) 

1 2  08-48 69 

1 2  -28-48 89 

12-28-48 89 

1-1 0149 i o 2  

1-10-49 102 

4-11-49 223 

No stars were found to i nd ica t e  nuc lear  d i s in tegra t ion .  Photomicrograph 

1 (Page 84) i s  typical o f  the  i n t e r i o r  of  t he  emulsion. The random clump8 of 

s i l v e r  gra ins  might be i n t e rp re t ed  as low vol tage be ta  p a r t i c l e s  i n  non-impregnated 

emulsions, 

clumping. 

Elowever, the presence of beryllium may in i t s e l f  produce such grain- 

The clumps could also be in t e rp re t ed  a s  the t a i l  end o f  a beta p a r t i c l e  

but  again the  above skepticism i s  i n  order. A t es t  for beta  t r acks  could be made 
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by iiipregnating ZTB 3 plates which give t r acks  of be ta  p a r t i c l e s  up to 1 mv. 

An independent approach was made t o  t h e  quest ion by making autographs 

of 7 square inches o f  r o l l e d  beryl l ium metal sheet ,  0.012 inches th ick ;  NTB 

p l a t e s  #371,265 were used. The beryl l ium was furnished by D r .  g o l f  and i t s  h i s t o r y  

is unknown. 

One square inch  of the  metal m s  pressed t o  the  sur face  o f  t he  emulsion 

o f  each o f  seven pla tes .  

o f  the  p l a t e  i s  the  con t ro l  area.  

square inches were examined microscopical ly  f o r  random t racks ,  shrs,  and 8unbursts. 

The r e s u l t s  a r e  given in Table 1 (Page 86).  

The a r e a  under the  metal i s  t h e  t e s t  area;  the  remainder 

These were developed and t h e  e n t i r e  sewn 

Subtracting the man of  the  cont ro l  a rea ,  we have a mean of  30 alphas 

f rom the  beryll ium metal  during t h e  exposure time. Q u a l  weight was given to 

the  exposure times s ince  g r e a t e r  accuracy is not ind ica ted  here.  

equivalent  t o  250 alphas/cm2/exposure, 

T h i s  is  

Using t h e  method of Finney and Evans (1) 

f o r  ca lcu la t ing  the  r a d i o a c t i v i t y  o f  so l id s ,  we found that one cc of berylliiun 

produces 0.06 alphas per  sec. 

Discussion: The main ques t ion  a t  issd'e i n  t h e  experiment, viz., the 

possible  presence of  stars in photographic f i l m  as  a consequence of cosmia r a y  

bombardnent of beryl l ium metal, must be answered in t h e  negative f o r  exposure 

times of  up t o  223 days. 
c 

I t  would, thereforb ,  appear un l ike ly  t h a t  t h i s  t e a a t i o n  

is a s i g n i f i c a n t  f a c t o r  in beryl l ium poisoning. 

A second problem introduced by the  f ind ings  of this experiment i s  the 

i d e n t i t y  of t he  elements giving r i s e  t o  t h e  s i n g l e  t r acks  and sunbursts  found 

in  the  exposed photographic film. In order  t o  explore t h i s  quest ion,  fim 
tracks  were measured in the con t ro l  a r ea  and f i f t y  in the  t e s t  area.  The r e s u l t s  
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Autograph 
# 

1 

2 

3 

4 

5 

6 

7 

Xean 

86 

U B C L A S S I F I ~ 3  

-. ASL3 1 -- 

2andom Alpha t racks  
per 100 f i e l d s *  

Control Test area  
area Under Be 

43 53 

30 64 

36 50 

44 86 

31 83 

37 82 

30 45 

36 66 

S t a r s  ** 
Smeared 

Sunbursts** * 
per sq. ino 

Auto g r a? h 
Exposure 
in days 

42 

47 

47 

47 

52 

52 

52 

*IO0 f i e l d s  - 11.9 m2 

** A s t a i -  i s  a co l l ec t ion  o f  t racks produced by nucleons of one or more s p e c i r t  
o r ig ina t ing  from a s ing le  nucleus,, 

*** A sunburst  i s  a co l l ec t ion  o f  t racks  produced by nucleons of  one o r  more 
species  o r ig ina t ing  from a number of nuc le i  a t  one poin to  
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a r e  .j!loVm iz Zigure 1 (?age €18). 

vas zyexperienced, and t h e  proper ernulsion hsd n o t  been used f o r  accurate measure- 

r.snt, the  &is t r i* su t ion  should n o t  b o  considered t o o  s i g n i f i c a n t .  

t h a t  me have erred on the  s h o r t  s ide  of  the t r u e  length o f  the t r acks  s ince  t h e  

ci.mlsion was thin and t r a c k s  a t  a l l  angles of the d ip  m r e  measured and some of 

t h e  alphas probably l e f t  t h e  emulsion before all t he  energy was exper.ded. 

?-‘le d i s t r i h t i o n  should probably be s h i f t e d  t o  the  r i g h t .  

d z c e  7;he n-mber measur3d .:as srcai;, t he  observer 

I t  i s  probable 

fience, 

I2 t h i s  is correc t ,  the  g o u p  a t  20p f o r  t h e  test a r e a  m y  coincide 

w i t h  Folan iu? .  

t i o n  at k:?s e a r l i e r  d a t s  o f  manufacture i f  polonium were t o  be considerod as 

xcorporf i ted as  such and n o t  occurring as a d i s i n t e g r a t i o n  product o f  o the r  

radioacfive contaJinants 

:he h a l f - l i f e  of ?olonium would ind ica t e  e much higher  concentra- 

As an even Inore i n t e r e s t i n g  finding was t h e  presence o f  sneared sunbursts 

+-31r. .’- ?;irLt source c m t a q i n a t i o n .  im example i s  s h o m  i n  Photonizrogragh 2 (Page 

-. 
-.IC t r a c k  :;.r,5ths were :?ensured. To improvs on t h e  accuracy, horizontal  

zac::z x l y  i ~ r e  :,ieasured. 

-;-.e histcgran i s  shorm i n  ?igure 2 (Page 8 9 ) .  

Thus t r acks  leaving t h e  e m l s i o n s  =re n o t  ir.ciuded. 

C. 

has tho  lowest energy alpha o f  t h e  naturally occurring A b c e  23222 

alpha-einitting elements, t he  d i s t r i b u t i o n  peaks a t  8 and 12 u nose a question 

d i f f i c u l t  to answer; viz., n h a t  i s  t he  source o f  the alphas? 

I t  i s  n o t  e n t i r e l y  c e r t a i n  t h a t  t h e  t r acks  were Troduced by alpha 

par t i c l e s .  

x o  t;Tes o f  nucleons. 

h e  trac‘: t ; ?~  is Kore fully developed t h m  tk? other  sup,gestin& 

AS t ho  autoradiographs vere n o t  nRce f o r  t h e  purpose of 

d i f f e r e n t i a t i n g  between alpha, proton, and deuteron t racks,  a dec i s ion  was 

Izpossible ,  3owevcr, 5h i s  could be  done with a properly designed experiment, 

The hca-+y t racks  accoantsd f o r  about 4S per cen t  o f  the t o t a l ;  and t h e  l i g h t ,  
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55 per cent. 

If rre assume t h e  i d e n t i t y  of the t r acks ,  we can a sc r ibe  energy values  

t o  them a s  shown in Table 2 below. 

TABLE 2 -- 
M E N  OF PARTICLES FR(I11 lLEAsURED TRACK LENGTH 

As surne 

P 

d 

d 

0.75 

1.50 

2.25 

0.85 

1.70 

3.2 

A r a t h e r  r ap id  survey o f  t h e  l i t e r a t u r e  gave no clue through known 

nuclear  r eac t ions  of  beryll ium t o  account f o r  any of the p a r t i c l e  energies  

l i s t e d .  

Nevertheless, t he  point  sources o f  contamination e x i s t  and t h e  follow- 

i n g  should be considered. Hevesy ( 2 )  and Hahn ( 3 )  have shown beryllium ores  

such as gado l in i t e  t o  be contaminated w i t h  alpha emitters and haw considered 

t h i s  as a source of neutrons.  Yagoda ( 4 )  showed by autoradiography t h a t  8 

bery l  c r y s t a l  contained alpha contamination i n  both random form and in po in t  

sources . 
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a s  e personal communication by I. Oftedal, Xorsk 

Radioactive Xeasurements with Nuclear h u l  sions,  

Problem Code: I.S.3 (Therapy) 

Section Code: 3340 

Author: Kenneth P. McConnell 

John Wiley 

.?le b 
Background: Several isotopes o f  selenium, both s t ab le  and radioactive, ,  - 

are  produced which y i e l d  from .008$ t o  .21$ (1). In v i m  of the f a c t  t h a t  

r e l a t i v e l y  l i t t l e  information i s  ava i lab le  about the  metabolism o f  t r ace  amormts 

o f  selenium in the  mammalian organism, it was f e l t  t h a t  s tud ies  on t h e  behavior 

'.! :-.. .'. 

j?. 
. --. 

o f  selenium in t h e  body would prove t o  be of value i n  our b e t t e r  understanding 0 ... 

se 1 enium metabolism. 
'0, , 

. . I -  

One phase o f  cur ren t  i n t e r e s t  i n  t he  selenium problem i s  t h a t  selenium ..._ ..- 
. ... .. 

. .. .- 
l i k e  ce r t a in  other  elements has an a f f i n i t y  f o r  proteins .  The.mechanism by which 

the f ixa t ion  of  selenium takes place i n  proteins  is a t  present  n o t  c l e a r l y  under- 

Stood.  

i n  some form such as  selenocystine,  or a c t u a l l y  binds sulf'hydryl groups. 

A poss ib le  hypothesis i s  t h a t  selenium disp laces  the amino acid sulfur 

. .  

I t  was  the  plan of  the experiments presented here  to study the q u a l i t a t i v e  . .. ... .. . 
and q u a n t i t a t i v e  d i s t r i b u t i o n  of seleniun in the  var ious blood proteins  and red ';..f .:I..;. : 

radio- 4, e,.-%: 

. .  
. P  -:. . ' 

a?-. '.. . _. . . .-- . . _  .. -. 

blood c e l l s  a f t e r  i n j ec t ing  sodium selenate  carrying t r a c e  amounts of 

selenium. 

Method: Four normal dogs weighing from 7.3 t o  9.1 Kg. were 

subcutaneously three t h e e  a t  24-hour i n t e r v a l s  w i t h  subtoxic  amounts 

selenate  containing radio-selenium. Previous t o  the  second and third 

- 
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ma 24 hccrs a f t e r  the las t  in jec t ions ,  samples o f  blood ware taken from the 

caro t id  nr tery.  Hematocrit and rout ine  hematological s tud ie s  were made. The 

red c e l l s  and plasma were separated by centr i fugat ion,  and the c e l l s  washed *ice 

- ; i t h  isontonic sal ine.  Radioact ivi ty  measurements were made on samples of whole 

b lood ,  ? l ama ,  and packed red  blood c e l l s ,  a l l  of which were measured on a be l l -  

type Ceinzer-Muller tube. 

through I: electron capture, emit t ing a probable .4 M.E.V. gamma r a y  w i t h  the  

f o m a t i o r ,  o f  s t a b l e  As33. 

Selenium-75 has a half l i f e  of 1 1 5 2  5 day8 which decays 

75 

I n  the experiments t o  s tudy the d i s t r i b u t i o n  o f  selenium in the various 

;em? proteins ,  samples o f  blood were taken 24 hour8 after the  l as t  in jec t ion .  

T o t a l  p ra te ins  were p r e c i p i t a t e d  w i t h  a.5% t r i c h l o r o a c e t i c  acid. Fract ionat ion 

of the  various serum prote ins  was  car r ied  out  using the  method of Kajoor ( 2 )  a8 

xodif ied by blilne (3 ) .  

and the  protein content of the p r e c i p i t a t e s  and f i l t r a t e s  were determined by 

The pro te in  p r e c i p i t a t e s  were analyzed f o r  radioselenium, 

Zlark' s nicro-K j e ldah l  method (4 )  . 
Crys ta l l ine  hemoglobin m8 i s o l a t e d  from the  red  blood c a l l s  of t h ree  

i o g s  t h a t  had been in jec ted  w i t h  sodium selenate  containing radioselenium, using 

the method of  Welker and Williamson ( 5 ) .  ' Crys ta l l ine  hemin was i s o l a t e d  by the  

aethod o f  Nenki and Zaleski  (6). 

hydrolysis o f  crys  tal l ide hemoglobin with acetone and bydrochloric ac id  af ter  

the method of Anson and blirsky (7) .  

The globin f r a c t i o n  wa8 s tudied f o l l d n g  

The method of  Grinatein was used t o  i s o l a t e  

protoporphyrin from red blood ce l l s .  

Results: I t  was observed t h a t  t h e  concentrat ion o f  selenium in whole 

blood and red blood c e l l s  increases  appreciably with t i m e ,  and t h a t  the concentra- 

tion 03 selenium i s  g rea t e r  in t h e  red blood c e l l s  than in the p l a m a  (Mgure 1, 

Page 93). I t  appears t h a t  the concentration o f  selenium i n  the plasma, when 
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detemined  a t  24 hour i n t e r v a l s ,  v a r i e s  within very narrow limits throughout t he  

experiment. The per  cen t  of whole blood a c t i v i t y  i n  r ed  blood c e l l s  f o r  fou r  dogs 

averaged 79% (72% t o  91$), while the p e r  cen t  of a c t i v i t y  in plasma averaged 22$ 

(8% t o  39%). It  wan ca lcu la ted  t h a t  2.% to 3.9% of  the  selenium administered 

was present i n  t h e  t o t a l  c i r cu la t ing  blood, 

In the  experiments on t h e  d i s t r i b u t i o n  of  selenium in  t h e  various 

pro te in  f r a c t i o n s  it was found t h a t  selenium was present  i n  albumin, globulin,  

euglobulin and pseudoglobulin, and that the amount o f  selenium i n  the  var ious 

f r ac t ions  when expreslred as gemma selenium p e r  gram pro te in  was s imi la r  b u t  not 

ident ica l .  It  appears that t he  selenium f i x a t i o n  takes place t o  about t he  stme 

degree i n  the  g lobul in  nad slbumin, f o r  t h e  percentages of  globul in  and albumin 

selenium i n  t o t a l  p ro t e in  selenium for th ree  dogs was found t o  be 54*  l@ and 

46 kl@ respec t ive ly ,  

h the  study on t he  d i s t r i b u t i o n  of selenium in the rad  blood c e l l s  it 

. was found t h a t  t r a c e  amounts of selenium were present  in c r y s t a l l i n e  hemoglobin 

and hemin, and in globin. The amounts of selenium i n  hemin when ca lcu la ted  on 

the gram b a s i s  a r e  grea te r  than in globin,  I s o l a t i o n  and analysis of p r o t o p o r p w i n  

from radioac t ive  red blood c e l l s  showed t h e  presenoe of  radio-selenium, 
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PROGW O.S.  

OUTSIDE SERVICES 

?roblem Code: None 

Sect ion Code: 3150 

Reported By: L. T. Steadman 

Spectrographic Service Analyses 

1, 

2. 

3, 

524 a i r  dus t  samples were analyzed f o r  beryllium. 

6 standard samples mre analyzed f o r  beryllium, 

1 skin biopsy specimen was analyzed for beryllium. 

Problem Code: None 

Sect ion Code: 3310 

Reported By: Russell  a y e s  

The following services were rendered: 

a )  

b )  

c)  

d )  

e) 

733 badge monitoring f i lms processed. 

45 radon atmospheric analyses (Dr .  Hursh). 

524 beryll ium dus t  analyses (Dr. Steadman). 

316 f inge rp r in t  analyses (Mr. Hay), 

1 t i s s u e  analyses f o r  Be ( D r .  Steadmb). 

In addi t ion  t o  receiving and d i s t r ibu t ing  the above samples, and collect- 

ing and repor t ing  these samples, a l l  incoming and outgoing i so topes  f o r  the 

pro jec t  were ordered and received through our department, 
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PROGRAM I .N.  

INSTRKJLEXTATION ( SPECTBOSCOPY, ELECTRON MICROSCOPY, X-RAY AND 
NUCLEBR RADIATION DETECTORS , X-RAY DIFFRBCTION, ELECTRONICS) 

Problem Code: I.P.2 (Service) 

Section Coder 3150 

Reported By: L, T. Steadman 

Spectrographic Service Analysis 

1, 50 chamber dust-samplea were analyzed for beryllium. 

2. 391 animal t issues were analyzed for beryllium, 

3. 

4. 

5, 

42 special solutions were analyzed for beryllium. 

20 special samples were analyzed for sodium. 

6 samples were analyzed for various other  elements. 
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