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I hT ZODU CT I ON 

The s c i e n t i f i c  work presented he re in  has been coded a t  t he  program 

and problem l e v e l s  according t o  t h e  scheme given on Pages 7 and 8, 

the  r epor t  a l l  cont r ibu t ions  t o  a given problem have been assembled to-  

gether without  regard t o  the  adminis t ra t ive  organiza t ion  except  t h a t  the 

n m b e r  of t h e  sec t ion  which d i d  t h e  work i s  pref ixed  i n  each case. 

using t h i s  number, it can be found on Page 1 2  what adminis t ra t ive  o f f i c e r  

can be approached f o r  in forna t ion  about p a r t i c u l a r  worko 

In 

By 

I t  should be noted t h a t  t h e  Quar te r ly  Technical Xeports of The 

Universi ty  of Rochester Atomic Energy P ro jec t  do n o t  a t tempt  t o  describe 

progress in a l l  of t he  research  programs bu t  only i n  those  i n  which some 

s i g n i f i c a n t  r e s u l t s  have been achieved b u t  which are n o t  s u f f i c i e n t l y  

conplete t o  be w r i t t e n  up as a f i n a l  r e p o r t o  

UR 01212 



~ E l A T I O N  OF P R O G N  AXI F3OBLZ: cg3Es 

The scientific work at The University of Rochester Atomic %era 

Project has been coded at the program and problem levels, The programs, in 

general, indicate broad fields of investigative or service activities while 

the problem indicate divisions of these fields, 

nethod of division in problems was possible, an attempt was made t o  

achieve a natural division in the sense that each problem would encompass 

a subject normally written up and generally considered as a unit. 

program on chemical toxicity of uranium, for example, has been broken down 

into problems according to the divisions commonly employed by toxicologists, 

Although no consistent 

The 

The problem codes are not related directly to the administrative ?r- 

ganization of the Project, Consequently, the smallest administrative unit, 

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

m r e  than one section may work on the same coded problem. 

tive organization will be ignored in making this quarterly r e p o r t  o f  our 

research and service activities, all material being assembled accordb3 to 

the program and problem codes. 

Quarterly Technical Report will be prefixed by the section number, however, 

to permit reference to the administrative organization if necessary, 

Conversely, 

The administra- 

The contribution of  each section to a 

It has not been possible to code the problems sufficiently broadly 

to avoid all overlapping, In cases in which various parts of a given in- 

vestigation might be coded differently, the whole work was coded according 

to its principal subject matter as long as the minor subjects were rela- 

tively unimportant. Otherwise, the work was divided under appropriate 

codes , 
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PROGRAM AND PROBLEG CODES 

I. X.R. BIOLOGICAL EFFECTS OF EXTERNAL WIATION (X-RAYS AND VRAYS) 

X.R.l Tolerance Studies (dose levels, survival ti-, gross 

Mechanism of Effects (physiological and biochemical) 

Therapy (measures against radiation effects) 

ana histo-pathology) 

X.R. 2 

X.3.3 

X. R . 4  Eematology 

X,R. 5 Genetics (histogenetics) 

X. A. 6 h b r y o l o g y  

X.R.7 Bacteriology and Imnunology 

11. I.R. BIOLOGICAL EFFECTS OF EXTERNAL RADIATION (INFRA-RD ULTRA-VIOL=) 

I.R.l Flash Burns 

\ 111. 2.E. BIOLOGICAL EFFECTS OF RIIDIOACTIVE b,ATE:RIALS (CONTACT, IMG3STIOE, XTC. 1 

R.M. 1 Poloniwn 

R.ti.2 Radon 

R.I.l,3 Thoron 

2. LI. 4 Mi s ce 11 ane ous Pro j ec t Lie tal s 

u. 1 
u.2 

u.3 

u.4 

u. 5 
U.6 

Physical and Chemical Properties 

Toxic Effects (description of acute and chronic toxicity) 

Toxic Limits (respiratory; oral; skin; eye; parenteral) 

Fate (distribution and excretion) 

IJechenism of Toxic Zffects 

Methods of Detection of Poisoning, Prophylaxis, Treatment 
and Protection 
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Be.1 Physical and hemica1 Properties 

Be.2 Toxic Effects (description of acute and chronic toxicity) 

Be.3 

Be .4 

Toxic Limits (respiratory; oral; skin; eye; parenteral) 

Fate (distribution and excretion) 

Be.5 Mechanism of Toxic Effects 

Be.6 Methods of Detection of Poisoning, Prophylaxis, Treatment 
and Protection 

-.:I. Th. T H O R I W  

Th.1 Physical and Chemical Properties 

Th.2 Toxic Effects (description of acute and chronic t0xicit.j) 

Th. 3 

Th.4 Fate (distribution and excretion) 

Th.5 Mechanism of Toxic Effects 

Th.6 

Toxic Limits (respiratory; oral; skin; eye; parenteral) 

Methods of Detection of Poisoning, Prophylaxis, Trcatzent 
and Protection 

VII. F. FLUORIDE 

F.1 Physical and Chemical Roperties 

F.2 Toxic Effects (description of acute and chronic toxicity) 

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

F. 4 Fate (distribution and excretion) 

F.5 Mechanism of Toxic Effect 

F.6 Uethods of Detection of Poisoning, Prophylaxis, Treatment 
and Protection 

UR 01215 



7111. S . L  SPECIAL LATEARIALS 

S.M.1 Physical  and Chemical Proper t ies  

S.M.2 

S.M.3 

S.M.4 Fate ( d i s t r i b u t i o n  and exc re t ion )  

Toxic Effects  (desc r ip t ion  o f  acu te  and chronic t o x i c i t y )  

Toxic Limits ( r e sp i r a to ry ;  o r a l ;  skin; eye; pa ren te ra l )  

S.M.5 Mechanism of Toxic Ef fec t  

S.M.6 Methods o f  Detect ion of Poisoning, Prophylaxis, Treatment 
and Pro tec t ion  

IX. I.S. ISOTOPES 

I.S.1 Tracer  Chemistry 

I.S.2 Xadioautography 

I.S.3 Therapy 

X. O.S. OUTSIDE SERVICES 

XI.  P.H. PXOJECT H m T H  

X I .  H.P. IiEALTH PHYSICS 

H.P.1 Research and Development 

H.P.2 Service 

X I I I .  C.S. SPECIAL C L I N I C &  SERVICE 

XIV. I .N. INSTRU;6ENTATIO€? (SPECTROSCOPY, ELECTRON ZICROSCOPY, X - X Y  AZD 

1UCLEA.S RADIATION DETECTORS, X-RAY DIFFRACTION, ELZCTRONICS) 

I.IJ.1 Iiesearch and Development 

I.N.2 Service 

I. N. 3 Instrumentat ion f o r  Outside Organizations 
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I. 2IVISIOlI OF RADIOLOGY AlJD BIOPHYSICS (3100): ’;!illim r”. Bale 

Sect ion Code S e c t  ion Administrative Head 

3110 Instrumentat ion John B. EIursh 

Tracer Chemistry Leon L,  Ki l le r  3120 

3130 Radiation Tolerance J o h  9. Xursh 

3136 Radi a t i o a  Phys io10 gy Jo’m B. Xursh 

3140 h d i a t i o n  Chemistry 

3150 

3160 Radiation b?e c h a n i  c s 

3170 

Z171 Radioautography 

Spec t r o  s co py 

Radia ti on Toxi c o l  ogy 

Kurt Sslomon 

Luvi l le  T o  Steadman 

‘ulichael J a t son  

J. i J ~ m l l  Stmmard 

J. &well SL~lme.rd 

11. DIVISION 07 PH~LWCOLOGY AND TOXICOLOGY (3200): Harold C. I1odi;e 

Sect ion Code Sec t ion  Administrative He ad --- 
3210 Indus t r  i a1 Fjz iene Xerbzrt  3. Stokinger 

3220 Biochemistry William 1;: ;Ternan 

3230 Inges t ion  Toxici ty  

3250 Pathology 

11 1 i o t t S a p  ar d 

James E. S c o t t  

Aser Zothstein 3260 Pny s i o  1 o gy 

111, DI’JISIOII DF Y D I C A L  SELWIC3S (3300): Joe 3. Eowland, X.9 .  

Sect ion Code Sect ion  Administrative Head 

3310 Isotopes and Service J. Xussel l  Hayes 

3320 Medical Physics Herbert  !,le rma gen 
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3330 ? r o  j e c t  Ledical Service 

3340 C l i n i c a l  Chemistry 

3350 Therapy 

3351 Hema to1  o gy 

3370 Mouse Genetics 

3380 Dnbryology 
~ 

3590 Photographic Service 

i7, -?LS3-2Cd S3RVICS 

Section Code Sect ion 

348 0 Educational 

3400 S t a t i s t i c s  

Section Code Sec t ion  

2502 Flash Zurn 

Aci i inis t ra t ive Sead 

t.:arylou Ingram 

r7, Burkett ?Jason 

Frank 'rv. f i r t h  

I.:arylou Ingram 

Eileen Otis 

Karl 2, &son 
James G o  J i l son  

3obert  L. Hay 

A h i n i s t r a t i v c  3ead 
~ 

J. lsiewell Stannard 

S .  Lee Crunp 

.4dainis t ra t ive G a d  

IIsrry D. Kingsley 
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13. 

PBOS*W.I x. B. 

BIOLOGICAL EFmCTS &El IAT I OK (x-XAYS AND $RAYS) 

Problem Code: X.Il.2 (Nechanism of  E f fec t s )  

Sec t ion  Code: 3120 

Authors: L. L, Uller and & s o  E. Gates 

The Effec t  o f  Whole Body Radiation on Plasma Peptidase A c t i v i t y  and Plasma Fibrinogen 

Content, 

Possible  Indica tors  o f  In ju ry  From Low Dosage m o l e  Body Radiation. 

Background: The demonstrable b io log ica l  e f f e c t  in the dog of low dosages 

of  t o t a l  body x- rad ia t ion  of the  order  of  25-50 r have been l imi t ed  pr imar i ly  t o  

the  temporary decrease ( i f  any) i n  the  c i r c u l a t i n g  white  c e l l  count. It  has a l s o  

been h o r n ;  1. That a t  c e r t a i n  dosage levels t h e r e  i s ,  a t  some time, an increase  

above normal o f  c e l l u l a r  d i v i s i o n  which i s  preceded o r  followed by a decrease i n  

the  m i t o t i c  process (1); 

have a la rge  reserve  capac i ty  f o r  the production and r e l e a s e  o f  granulocytes and 

lymphocytes respec t ive ly ;  

2. That t h e  t o t a l  bone marrow and lymph nodes o f  mamals 

3. That the  granulocytes  ( 2 )  and lymphocytes ( 2 )  conta in  

a v a r i e t y  of p r o t e o l y t i c  and pept ide s p l i t t i n g  enzymes. Whether t hese  enzymes 

r ep resen t  t he  so le  precursor  o r  precursors  o f  t h e  plasma pro tease  and pept idase 

a c t i v i t y  under normal condi t ions i s  n o t  hown. 

On the  b a s i s  o f  the above known f a c t s ,  it seems reasonable  that  a small dose 

of x-radiat ion could damage c i r c u l a t i n g  leukocytes causing them t o  d i s i n t e g r a t e  

p r e m t u r e l y  and could f i r s t  acce le ra t e  and then depress the  production and release 

of leukocytes. If the proteases  and pept idases  o f  d i s i n t e g r a t i n g  leukocytes are 

discharged i n t o  t h e  c i r c u l a t i n g  plasma, one m y  conceive of a s i t u a t i o n  i n  which 

a g r e a t e r  than  normal amount o f  pept idase is presen t  i n  t h e  serum or p l a s m  wi thout  

UNCLIASSIFIED 
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t h e  leukocyte count being s i g n i f i c a n t l y  reduced. 

or plasma protease or pept idase a c t i v i t y  under such circumstances may a f fo rd  a 

simple t e s t  f o r  de t ec t ing  low dosage x- rad ia t ion  injury. 

The de tec t ion  of increased serum 

In a d d i t i o n  it i s  known t h a t  t h e  l i v e r  responds t o  minimal t i s s u e  damage in 

o the r  organs or t i s s u e s ,  or in i t s e l f  w i t h  an increased production and release of 

f ibr inogen;  t h i s  i s  manifest  w i th  any acute  inflammatory process  and has bean Been 

under condi t ions where the  l i v e r  i s  a f f ec t ed  by such small amounts of hepatoxic 

agents  as dl1 n u t  produoe d e f i n i t e  h i s t o l o g i c  evidence of t i s s u e  damage. 

again  it seemed reasonable t o  expect some e leva t ion  o f  plasma f ibr inogen to fol low 

Here 

even l o w  dosage whole body r ad ia t ion .  

Method: The animals m r e  healthy, normal, a d u l t  dogs maintained on an 

adequate r a t i o n  o f  Purim Dog Chow, 

After  a s u i t a b l e  prel iminary per iod of sham r a d i a t i o n  t h e  dogs were given 

r a d i a t i o n  according t o  the  d e t a i l s  o f  t h e  ind iv idua l  protocols  presented below. 

Blood samples were d r a m  from t h e  ex te rna l  jugular  veins a f t e r  t he  animals 

had been without food for 14 t o  1 8  hours. Samples mre taken during preliminary 

cont ro l  periods and a t  i n t e r v a l s  up t o  20 days af ter  r ad ia t ion .  

The r a t e  of hydrolysis  o f  the  s u b s t r a t e  LA, (leucineamide) and BAA, 

(benzoylarginineamide) by dog se ra  1380, 1381, 1398 and 1399 was followed by 

m m s  of the  Grassman-Heyde t i t r a t i o n  method f o r  amino acids .  

r e m i n i n g  se ra  upon t h e  s u b s t r a t e s  m s  s tudied  by measurement of NI13 l iberated 

from the  a i d e  LA and EVA as out l ined  by Van Slyke (for t h e  l i b e r a t i o n  o f  ammonia 

The a c t i o n  of the 

a f t e r  cerease a c t i o n )  

The t e s t  so lu t ions  i n  a l l  cases contained e i t h e r :  

(1) Leucineamide hydrochloride ,-= -05 mM per ml of t e s t  so lu t ion ,  
M n S O 4 e l  x f i n a l  concent ra t ion j  Verona1 bu f fe r  .lM of 

UNCLASSIFIED 
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pH 7.8 - 8.0; f'resh serum ,d i d  serum ?er ml t e s t  23:UtiOn. 

aenzoylarginineanide .HCl- .05 m.i per n l  t2st so iu t ion ;  cys te ine  
ZC1 1 x I O - ~ U ,  f i n a l  concentration; c i t r a t e  Suf fe r  .I:.: of 
pH c.0 - 5.2.; f r e s h  serum0~4 ml serum per m l  t e s t  solution. 

( 2 )  

I2 a l l  runs t h e  buffered serum mas allowed t o  incubate mith t h e  a c t i v a t o r  f o r  1 

hour 7 r i o r  t o  t he  add i t ion  of s u b s t r a t e ,  

The fibrinogen and plasma p ro te in  content of t h e  s e r a  mas determiaed by the 

z i c r o  Kjeldahl nethod using mercury slld copper c z t a l y s t s ,  d i s t i l l a t i o n ,  a?d t i t r a t i o n ,  

Separation of the g lobul in  f r a c t i o n  of cont ro l  noma1 serua was a t t enp ted  

'0;- rneans of :  1. alcohol and 2. d i l u t e  a c e t i c  ac id ,  The g lobul in  f r a c t i o n  :ms 

J i s so lved  i n  b u f f e r  and a c t i v a t i o n  was attempted wi th  f r e s h l y  d i s t i l l e d  CBC13 

aad s t rep tokinase .  

i n  t he  r a t e  of hydrolyses of t h e  s u b s t r a t e s  LA o r  BAA over t h a t  o f  un t rea ted  dog 

In no case d i d  the  trcatrnent produce a s i z n i f i c a n t  increase  

s e m .  

Resul t s :  Table 1 (Page 1 6 )  shows t h e  changes noted i n  s e r m  pepti2ase 

a c t i v i t y  af'ter s i n g l e  doses of whole body r a d i a t i o n  o f  40 r o r  200 re  There are 

d e f i n i t e  l a r g e  increases  i n  serum peptidase a c t i v i t y  noted in t h e  21 hour specimens. 

L? t h e  case o f  both dosage l e v e l s  t he  serum peptidase a c t i v i t y  i s  r e s t o r e 5  t o  normel 

cont ro l  l e v e l s  a t  10 days a f t e r  r ad ia t ion .  

Table 2 (Page 1 7 )  i n d i c a t e s  t h a t  t h e  increase  i n  s e r m  LA peptidase a c t i v i t y .  

If anything, a t  s ing le  dosage l e v e l s  of 250 r o r  430 r a r e  smll o r  i n s i g n i f i c a n t .  

t h e r e  appeors t o  be a t r a n s i e n t  dec l ine  in  BAA peptidase a c t i v i t y  a t  24 :?ours 

,'olloxed by a s l i g h t  apparent increase  and a f d l  almost C,o zero activit.,. a t  10 

d2ys 

Table 3 (Page 10) shows t h e  r e s u l t s  of a s ing le  t o t a l  body r a d i a t i o n  dose 

o? 300 r given over 24 hours, Here again t he  e f f e c t  on LA o r  2J.A peptidase 

a c t i v i t y  i s  i n s i g n i f i c a n t .  Xowever, t he  plasma f ibr inogen  shows a s teady  r i s e  

UNCLASSIFIED 
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Zontrol 

16.3 

6 .& 

U, Hours 
After  
Radiation 

15.9 

32.5 

Dog 1380 
40 r a t  
r z t e  of 
153 r /h r  

LA 

BAA 
- 

TABLE 1 

I 

48 Hours 
After  
FtadiGt ion  

7 Days 
Af te r  
Radiation 

10 Days 
After 
Radiation 

Dog No. 
9ndiat  ion 
3ose 

. -. 

L .1 16.7 

13.1 

19.9 

ll.l 9.9 

8.8 18.1 

11 7- 

15 .4 

k . 8  13.8 

2CO r a t  LA 

150 r / h r  t Bhd 

Dcg 1398 

r a t e  of 
13.0 I 24.1 21.6 10.5 

1.7 

7.0 

15 .O 13.0 3.3 1 * 18.2 

I- 
302 1399 

Fate of 
16.1 I 37.1 9.1 a . 7  11.3  

4 .1 3.7 I 19.3 . .. 

.. . 
11.7 24.k 

Dogs given varying doses of r a d i a t i o n  a t  t he  same r a t e ,  nanely 150 r /hr .  . ...., -. 
L .  

Hydrolysis of s u b s t r a t e s  here measured by l i b e r a t i o n  of amino ac ids  from t h e  amides 
LA a d  BAA as t i t r a t e d  by Grassman-Heyde method. The f i g u r e s  represent  the  % 
h;.drolysis a f t e r  3 hours incubation a t  3 9 O C .  

-' . 
.. 

The r ad ia t ion  f o r  all experiments produced by a one mi l l i on  v o l t  peak G.E. X-Ray 
generator w i t h  an aluminum parabol ic  f i l t e r .  (Half value layer of t h i s  source is 

- .  . .  equal t o  5.12 mm l ead ) .  Target t o  animal cen te r  d i s tance  equal led 68 inches).  .. - 
.- 
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i)og iJ0. 
hci is t ion  

Dose 

21, Hours 
After  

Control Radiat ion 

LA 2.6 5 -4 

BAA 2.7 0.7 

LA 8.4 8 .O 
I 

0.4 
I 

48 Hours 
Af tc r  
Radiat ion 

7 01 

2.5 

6.6 

2.3 

1 7 

LA 7.6 13 e 3  5.8 

BAA 2.4 1.1 0.7 

7 Days 
After  
Radiation 

4.8 

7.5 

BAA 4.2 2.6 1.9 

10 Days 
After 
k d i a t  i o r  

1.6 

2.1 0.5 I 
I 

I - 

z - ; . . ,  ~. -!--f-.n 250 r o r  430 r doses of r a d i a t i o n  a t  constant  ra te  of 150 r /h r .  

- . . . -  C A ,  r ...._ .,-. ... . n c t i v i t y  here  measured by l i b e r a t i o n  of MI 

-".e f i :xa~s represent  t h e  % hydrolysis  a f te r  3 hours incubat ion  a t  39%.  

from amides LA 2.rd BAA.  
3 
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% Hydrolysis 
of BAA After 
3 hr at  39'~ 

T o t d  Plasma 
h o t  e i n  

Fibrinogen 
(As Fib r in  I Dog U35 

Dose 300 r 

8.0 1.6 - Contr ol I 302 mg % 6.81% 

6.76 9.6 2 00 

2$ I:r a f t e r  end of 
radiation 6.34 10.0 334 

9.9 361 6.95- 2.1 ~ .. 

36 2 6.84 8.9 1.9 

9.3 2.0 378 

15 dc::s a f t e r  end of 
r a d i z t  i on  

No plasma 
ava i l ab le  394 .8 

2(! days a f t e r  end of 
rzCia t  i on  319 6.8 6.71 2.0 

l4 .O 7.64% 

7.59 

7 044 

290 me % 

290 

2.0 

1.8 

2.8 

~ ~- 

Z i  hr a f t e r  end of 
r .?. d i  a t ion  

I" S t e r  end of 
r e d i a t i o n  

329 7.2 
~ ~. 

6.95 358 8.8 4.0 .- 

5.7 
6 d s ; ~  af ter  end of 
r-,iiat ion 364 6.25 3.5 

2.9 
ii; days a f t e r  end of 
r z. i i at ion 7.3 373 6.80 

No plasma 
ava i l ab le  

lj days a f t e r  end of 
rxiizt  i o n  

2G days after end of 
7.- A d k t i o n  

349 8 .9 3 .4 

8 .O 304 6.65 

Dogs 1L35 m d  1478 - dose 300 r over a per iod of 24 hours a t  a r a t e  of 12.5 rlhr. 
Serun  and plasma used same day it was drawn with except ion of plasma p ro te in  determinatiLi 
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t o  a maximum a t  10-15 days a f t e r  the end o f  r a d i a t i o n ,  This corresponds t o  the . "'L 

t i n e  peak of the c l i n i c a l  disturbance, i f  any. 

Table 4 (Page 20) shows f ibr inogen  and LA and BlLA peptidase a c t i v i t y  af ter  : *. 
I?, . --. 33 

1000 r o f  whole body r a d i a t i o n  was given a t  a continuous r a t e  of 41.5 r per hour- 5, - .,Fr - -  
e,.'- . 

f o r  24 hours. The only  outs tanding e f f e c t  on the  pept idase  a c t i v i t y  i s  the decline -. 
.1.-- 

b t h s  L4A peptidase v i r t u a l l y  t o  zero l eve l .  This dec l ine  i s  apparent ly  most . .-.>e .?- . . 
4ZPb . 

pronounced i n  t h e  l a s t  t h ree  days o f  l i f e .  S imi la r ly ,  during t h e  l a s t  t h ree  days '5 -- . 

of l i f e  the plasma fibrinogen r i s e s  t o  l e v e l s  3 t o  4 times a s  h igh  as the  normal . ~ '  

. .. con t ro l  l eve l s .  

Discussion: The impl ica t ions  o f  these  prel iminary experiments are not . 

e n t i r e l y  c l ea r .  However¶ e s p e c i a l l y  a t  t h e  l o a  dosage l e v e l s  of 25 t o  50 r, the 

s e m  peptidase a c t i v i t y  changes warran t  f b r t h e r  s tudy  e s p e c i a l l y  i n  the  f i r s t .  3 ~ * . .  

. . ; f t r  - 
24 hours a f t e r  r ad ia t ion .  In  add i t ion  it i s  intended t o  make observations on . - .  

any changes i n  plasma fibrinogen which may occur. 

If t h e  serum peptidase a c t i v i t y  c o n s i s t e n t l y  shows increases  a f t e r  low 

dosage -,71..ole body r ad ia t ion ,  t h i s  biochemical change may we l l  r ep resen t  a measur- 

able f a c t o r  for  assess ing  t h e  e x t e n t  of t i s s u e  i n j u r y ,  
-~ .: ~ . A t  the  high dosage l e v e l s  it i s  conceivable t h a t  neasurenent of EwA -- -- 

2eptidase a c t i v i t y  and plasma f ibr inogen  may a f fo rd  prognostic c r i t e r i a ,  e s p e c i a l l y  L .  

At f o r  following the  value of t he rapeu t i c  agents  i n  t h e  treatment o f  r a d i a t i o n  
*I -_ 

: i n  jury . 6 -  

; .- : 
. .  
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5 * 8  

9.3 

0.9 

2.2 476+!+ 

925 

6.37 

6.74 

~~ 

8.7 1.7 . 

6.4 

9.0 

6.8 

8.1 

2 07 

0.5 

0.5 

0.4 

(As Fib r in )  

C ont r  ol 9.6 I 2.2 233 mg % I 6.72% 

I 2.3 8.8 1 6.73 234 Cmtr ol 

ZL; :ir a f t e r  end of 
I- cc i a  t ion  

1.G >.r i f t e r  end of 
r z c  i a  t i on 

72 hr after end of 
z-2 C i s  t ion  

I 2.7 11.3 294 I 6.48 

I 1.0 I 6.51 285 1 6.54 I 
9 

5 days a f t e r  end of 
,-;ciation 

7 days  a f t e r  end of 
rad ict i on  6.9 1.0 

9 S q - s  cf t e r  end of 
~-L.I?LCL i o n  . .  7.12 2 2.4 0.0 

300 rig % I 6.48% Z xitrd - 
t, 17 :- t r ol 

3 hr z f t c r  end of 
r :- i iat  ion  

A& 1 - r  e f t e r  end of 
x c ! +  z t i o n  

I 6.47 305 

’ 353 I 7.58 

374 I 6.30 

I 9.43 

5 &i;rs a f t e r  erid of 
rceiat  ion 1 6.n 

<:-Fibrin c l o t  f o r r x t i o n  incorn?lete. 
-:+Fixin c l o t  f ornz t ion  i n c o q l e t e  u n t i l  beef thrombin and r a b b i t  brzir ,  

t lxorhoplas  t i n  i*?ere added 
Dogs 1L92 cind 1515 were given a dose of 1000 r over a . p e r i o d  of Ur iir a t  a 
r2.te of 41.6 r /hr .  
6 ckys 

lL92 died a t  the end of 9 days - 1515 died  a t  the  end of 
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Problem Code : X. 3.2 (Uechanism o f  E f fec t s )  

Sect ion Code: 3140 

Author: K. Salomon 

Some Aspects o f  Glycine Metabolism i n  Bone Narrow Homogenates 

Background: It  has r e c e n t l y  been demonstrated t h a t  thea(-carbon atom of 

glycine p a r t i c i p a t e s  (1) i n  t h e  synthes is  of bone marrow fats. This observat ion 

may bes t  be explained by presuming that glycine i s  converted t o  a c e t a t e  which 

has been shown t o  be t h e  primary precursor  o f  body fats ( 2 ) .  

tend to support  th is  view. 

in con junct ion w i t h  l+amino-pphenyl bu ty r i c  a c i d  excre te  acetyl-1-mhophenyl  

bu ty r i c  a c i d  and tha t  the  ace ty l a t ed  amine contains  equal C14 a c t i v i t y  i n  both 

carbon atms of t h e  ace ty l  res idue.  I t  must be concluded from this experiment 

Secent r epor t s  

Thus, Sprinson ( 3 )  has shown t h a t  rats fed C14H2hE2COCH 

t h a t  t h e  4-carbon a t o m  of  g lyc ine  cont r ibu tes  t o  both 

In  order  t o  a s c e r t a i n  whether the over-all reac t ion :  

could be reversed, experiments were s e t  up wi th  r a b b i t  

carbon atoms of acetate. 

bone marrow homogenates 

containing C14H3COOH t o  br ing  f o r t h  d i r e c t  evidence bear ing on this point.  

th is  work was in progress,  a r e p o r t  (4) appeared i n d i c a t i n g  that t he  feeding of 

labe led  ace t a t e  r e s u l t e d  i n  t h e  incorpora t ion  o f  low,  bu t  s i g n i f i c a n t  C 1 4  

mile 

a c t i v i t y  in hippur ic  a c i d  i s o l a t e d  from the u r i n e  of r a t s  so fed. 

from these  d a t a  t h a t  t he  methyl carbon atom o f  a c e t a t e  cont r ibu tes  t o  both 

It appears 
- 

d- and carboxyl carbon atoms of glycine,  whereas the  carboxyl carbon atom o f  

a c e t a t e  cont r ibu tes  only t o  t h e  carboxyl carbon atom of glycine.  kperiments 

t o  be descr ibed in th i s  r e p o r t  i nd ica t e  t h a t  r a b b i t  bone marrow homogenates are 

capable of convert ing acetate t o  glycine,  a f a c t  w i th  which one must reckon in 
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the  study o f  the  nechanism o f  hemin synthesis .  

The second por t ion  of t h i s  r epor t  i s  concerned wi th  a new observation con- 

cerning glycine metabolism. 

metabolism are  now being se r ious ly  considered. 

t o  glyoxylic ac id  which, in turn, condenses wi th  another molecule of glyoine t o  

In genera1,'two possible  pathways of glycine 

F i r s t l y ,  glycine may be oonverted 

f o r m  a $-carbon compound as a precursor o f  oxa lace t ic  ac id  ( 5 , 6 ) .  

might be converted t o  formic ac id  which then  condenses w i t h  another molecule of 

glycine t o  give r i s e  t o  s e r ine ,  pyruvate, e tc .  (7,8,9), 

here cannot be adequately explained on t h e  b a s i s  o f  e i t h e r  scheme neoess i ta t ing  

SeCOndly, glycine 
5 

The da ta  t o  be presented 

the  pos tu la t ion  of a new scheme, 

Kethods: Complete bone marrow homogenates were prepared and addi t ions of 

In a l l '  a ce t a t e  and glycine were made, e s s e n t i a l l y  as descr ibed previouely (1). 

cases the incubation per iod was t h ree  hours at 38OC. A t  t he  end of t h i s  period, 

the  incubated mater ia l  ( t o t a l  volume approximately 30 m l . )  WES high-speed 

centr i fuged,  r e s u l t i n g  in separa t ion  of  f a t s  ( a t  top  of tube) ,  insoluble  p a r t i c l e s  

( a t  bottom) and straw-colored l i qu id ,  

i s o l a t e d  from it. 

This l i q u i d  7~8s withdrawn and glyoine 

The carbon dioxide evolved during the  incubation was oolleoted 

i n  10 N KOH in t h e  s ide  arm o f  a l a rge  Warburg vessel i n  which t h e  experiment was 

conducted. Retention of carbon dioxide was el iminated by t ipp ing  i n t o  the  cen te r  

cornparbent of t he  vessel  2N H 2 S O 4  before removal of the vesse l  f rom the  manometer. 

Before glycine was i so l a t ed ,  t he  l i q u i d  was steam d i s t i l l e d  in orde r  t o  

remove any v o l a t i l e  a,cids, 

t o  a small volume (ca. 1 0  ml), adjusted t o  pH 5.5 with  K H z P O q N a 3 P 0 4  buffer  and 

The residue a f t e r  steam d i s t i l l a t i o n  was conoentrated 
1 

then b o a t e d  w i t h  1% Ninhydrin i n  a stream of N2 w i t h  gen t l e  heating. The CO2 

represent ing the  -COOH group of  glycine was co l l ec t ed  i n  a l k a l i  w i t h  ccntinuoue 

tmshing wi th  N2 and i s o l a t e d  as BaC03, Af te r  removal of C 0 2  t he  so lu t ion  wn8 
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distilled into a methanolic solution of dimethyl dihydroresorcinol so as to mice a 

Anal methanol concentration of 5%. 

gently with the dimethyl dihydroresorcinol for 10 minutes. 

derivative of formaldehyde, methylene bis-methone, was isolated in crystalline 

The resulting distillate 'was thn ref luxed 

The resulting 

form (3 189OC) and recyrstallized fram water. 

Xesults: The data presented in Table 1 below demonstrate in a direct-manner 

that conversion of acetate to glycine takes place in rabbit bone marrow hombgenates. 
b 

Under the prevailing in-vitro conditions, which may not be optimal, approximately 

2% of the<-carbon atom of acetate is incorporated into thed-carbon atom of glycine 

within three hours. It should be pointed out that the millimolar C14-actiTities 

shown in column I1 have not been corrected for the known amount of inert glycine 

present during the experiment. This factor, however, has been taken i n t o  acoount 

in computing columns I11 and IV. The distribution of C14-activity among the  two 

carbon atoms of glycine has not been studied at this time. 

TABLE 1 

COBVERSION OF ACETATE TO GLYCIh'E 

Millimolar 64- 

Activity of 

C14H3COOH 

Added. 

3 00 

300 

11. 

Millimolar ~14- 

Activity of <- 
Carbon Atom of 

Glycine. 

3 *6 

5*l 

I1 I.: 

% Acetate 

Converted tc 

Glycine 6 

132 

1 a 7  

-~ 

J M  Glycine 

Synthesized f rom 

Acetate. 

7 .  

10 

All C1*-Activities are wressed as 104 Disintegrations per min. -per mM. 
.. UR 01229 
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In TnSle 2 (Faze 2 5 )  da t a  p e r t n i n i q  t o  t h e  metabolism of glycine i n  bone 

a r r o w  homogenate6 a r e  presented. 

except t h a t  i n  experiment 2 t h e  amount o f  glycine added was increased three-fold,  

toge ther  wi th  a more than two-fold increase  i n  m i l l i m o l a r  ClQ-activity. 

experiment 3, on the  o the r  hand, t he  amount of i n e r t  a c e t a t e  added was increased 

two-fold. 

va r i ed  f rom one-fourth o f  t h a t  used i n  experiments 1 - 3 (experiment 4) ,  t o  one- 

h a l f  (experiment 5) ,  and three- four ths  (experiment 6) .  

Zxperiments 1 - 3 a r e  comparable -in a l l  r e spec t s  

In 

In experiments 4 - 6, t he  amount of bone marrow homogenate added ras 

The i n i t i a l  a c t i v i t y  o f  t he  methylene-labeled glycine added i s  shown i n  

column I of Table 2 (Page 25), xhereas the  f i n a l  C14-activity i s  l i s t e d  i n  

column 11. 

a c t i v i t y  of the two carbon atoms could be measured separa te ly .  

f o r t h  i n  columns IIa and IIb. 

?repara t ion  added t o  t h e  homogenate i s  unequivocal on t he  b a s i s  o f  t he  method of 

synthes is ,  I t  is ,  thus,  apparent t h a t  appreciable d i l u t i o n  of the &carbon atom 

o f  giycine has occurred wi th in  th ree  hours, and, consequently, t h a t  add i t iona l  

glycine has been synthesized by the system e i t h e r  a6 a r e s u l t  o f  p ro t eo lys i s  o r  

due t o  some o ther  pathway(s). I t  i s  a l s o  apparent t h a t  t he  bulk o f  t h e  newly 

forrned glycine does no t  o r i g i n a t e  from a c e t a t e  s ince i n  experiment 3 i n  which 

larger m o u n t s  o f  i n e r t  a c e t a t e  were added no g r e a t e r  d i l u t i o n  of  t he  C14- 

a c t i v i t y  o f  thee(-carbon atom of  glycine occurred. 

the d-carbon atom of glycine i s  of the order o f  1.5 a6 shown i n  column 111. 

The only exception p resen t s  i t s e l f  i n  experiment 2 where an increased amount of 

glycine added t o  t h e  system re su l t ed  i n  higher d i l u t i o n  o f  C14-activity. 

3y methods described e a r l i e r ,  glycine m s  degraded s o  t h a t  the C1*- 

This i s  s e t  

The l o c a l i z a t i o n  of C14-activity i n  t h e  glycine 

In general ,  t he  d i l u t i o n  of 

The 

degree of d i l u t i o n  i s  somewhat g rea t e r  than might have been expected and t h i s  

nay be due t o  a "sparking" e f f e c t  of higher glycine concentrations r e s u l t i n g  

t 
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i n  t h e  formation o f  increased  amounts o f  glycine by t h e  system, analgous t o  

"sparking" e f f e c t s  seen i n  the  t r i c a r b o x y l i c  ac id  cycle. 

The d a t a  shown i n  Table 2 (Page 25) ,  furthermore,  i nd ica t e  t h a t  t he  

&-carbon atom of  g lyc ine  a l s o  cont r ibu tes  t o  t h e  carboxyl carbon atom of newly 

synthesized glycine,  as i s  apparent  f ram inspec t ion  of column I&, 

ca lcu la ted  on the  b a s i s  o f  Co, the d i l u t i o n  o f  a c t i v i t y  i s  about 50-fold, v i z .  

column IV. 

:;lhen 

These ca l cu la t ions  a r e  probably n o t  e n t i r e l y  adequate s ince  they  do 

not  take  i n t o  account t he  simultaneous d i l u t i o n  o f  the&-carbon atom of  g lyc ine  

tak ing  ?lac2 in  t h e  course of t h e  experiment. Thus, t h e  two l i m i t i n g  values f o r  

the d i l u t i o n  cons tan t  a r e  shown i n  columns I V  and T, respec t ive ly ,  column V 

represent ing t h e  d i l u t i o n  on t h e  bas i s  of  t h e  h ighes t  d i l u t i o n  of the&-carbon 

a ton  of glycine. From coluim V I  it i s  apparent t h a t  approximately 2% o f  t h e  

carboxyl carbon a t o m  o f  glycine a t  the  end o f  t h e  experiment i s  der ived from 

t h e  &carbon atom. 

Another p o i n t  i n  th i s  experiment seem noteworthy, namely the presumptive 

source o f  t h e  C02 evolved during the  experiment. *om da ta  presented here, it 

would appear l i k e l y  t h a t  the  CO2 is derived, t o  a considerable  ex ten t ,  from the 

carboFjl  carbon atom of g lyc ine  s ince  the  a c t i v i t i e s  are of an order  compatible 

with such an assumption. 

&carbon a t o m  of glycine (8 )  and 48$ of formate (7), under in-vivo conditione, 

i s  converted t o  r e s p i r a t o r y  CO2 wi th in  14 hours. Sinue t h e  C14-activity of' t h e  

C02 evolved i n  these  bone marrow homogenate experiments is of such B low order,  

it i s  un l ike ly  t h a t  it i s  der ived  from t h e o h a r b o n  atom and, furthermore, thnt 

bone marrow prepara t ions  of this type a r e  capable of converting formate  t o  COz. 

I t  has been shown t h a t  formate i s  formed from the 

Discussion: The experiments descr ibed i n  t h e  f i rs t  por t ion  of this r e p o r t  

demonstrate t h a t  t h e  methyl carbon atom of  a c e t a t e  con t r ibu te s  t o  t h e  methylene 
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carbon atom of  glycine i n  bone marrow homogenates. 

convsrsion i s  as y e t  unclear ,  al though it would seem probable t h a t  a c e t a t e  would 

The mechanism opera t ing  in this 

5e converted t o  pyruvate via the  t r i ca rboxy l i c  ac id  cyc le  and t h a t  pyruvate, i n  

L ,urn, would give r ise t o  se r ine  which i s  i n  b i o l o g i c a l  e q u i l i b r i u m w i t h  glycine,  

The experiments cons t i t u t ing  t h e  second p a r t  o f t h i s  r e p o r t  i nd ica t e  a 

a e t a b o l i c  r e l a t i o n s h i p  between thed-carbon atom and t h e  carboxyl carbon atom of 

glycine i n  r a b b i t  bone marrow homogenates, The f ind ing  t h a t  t h e  <-carbon atam of 

g lyc ine-cont r ibu tes  t o  t h e  carboxyl carbon a t o m  of  glycine f o r c e s  one to 

2os tu l a t e  an a l t e r n a t e  metabolic scheme f o r  glycine,  since t h e  two schemes r e fe r r ed  

t o  e a r l i e r  cannot adequately account for these  observat ions,  On the  basis of the  

t?vo preva i l ing  theo r i e s ,  t he  4-carbon atom of  g lyc ine  could n o t  conceivably f i n d  

i t s  way t o  the  carboxyl carbon atom. 

it seems bes t  t o  pos tu l a t e  a symmetrical compound "glyoxal" as the primary metabolic 

r eac t ion  product o f  g lycine,  

In o rde r  t o  exp la in  the d a t a  presented here, 

Such a symmetrical product could then  condense with 

cqual p robab i l i t y  a t  e i t h e r  end o f  t h e  molecule with another  molecule of glycine 

m 6  t h u s  give r i s e  t o  tFro d i f f e r e n t l y  labe led  4-carbon compounds, one o f  which f i n a l l y  

.:auld si7re r i s e  t o  glycine,, The following hypothe t ica l  scheme i s  thus  proposed: 

The ?os t u l a t e d  '' Internal Dismutation" of Glycine 

C1%2Td2-COOH- 

Glyoxal 
( m o t h e t i c a l  Symmetrical Intermediate)  

C 14  HzMIz- COOH + H-C14- C-H -EOOC- F1 4- C 1 4 H p C  OOH( ~ o $ ) + H O O C ~ ~ -  C-C14HpCOOH( 5 %) ( 2 ) 
[ d  d ]  0 t; 

HOO C14- C- C1 4€+ - C OOH-HOO C14-C -C1%I3+ C O2 
I 1  : 0 

( 3 )  

. HOO C14- C- C14H3-HOOC14-C- OH-OOC 14- CHzNHz+HC l4 OOH (4) I 8 NH2 
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I t  i s  apparent  from the  da t a  t h a t  t h i s  proposed ' ' internal d i smta t ion ' '  

occurs 

be s t a t e d  a t  t h i s  time whether r eac t ions  (1) or ( 2 )  would be the  l i m i t i n g  factor. 

only t o  a r e l a t i v e l y  l imi t ed  ex ten t ,  i.8. approximately 4%: It can not 

The an t i c ipa t ed  chemical i n s t a b i l i t y  o f  t h e  hypothet ical  symmetrical compound is 

i n  accord wi th  t h e  l i d t e d  e x t e n t  of  occurrence o f  t h i s  reac t ion .  

The proposed hypothesis would also expla in  t h e  l o w  l e v e l s  of C14-activity 

found i n  the  metabolic COz, which i s  thought t o  a r i s e  from t h e  product o f  r e a c t i o n  

(4) ir= t h e  following way: 

CHzhH2- C1400H3HCOOHtC1402+NH~ 

I t  should be emphasized t h a t  t h e  foregoing comments a r e  e n t i r e l y  speculat ive end 

t h a t  f u r t h e r  experimentation w i l l  be necessary before  any d e f i n i t e  conclusion as t o  

the mechanism of the  conversion of t h e o h a r b o n  atom o f  glycine t o  the carboxyl 

carbon atom of glycine can be d ram.  

glyoxal w i l l  be obtained fron an at tempt  a t  t rapping  t h i s  dialdehyde as the dioxime. 

Another possible  approach t o  t h e  s tudy of  t he  mechanism o f  t h i s  metabolic r e a c t i o n  

would be the  i s o l a t i o n  o f  oxa lace t i c  ac id  which, i f  t h i s  scheme i s  operating, 

should contain C14-activity i n  t h e d a n d j c a r b o n  atoms as wel l  as i n  t he  carboxyl 

Further evidence f o r  the formation of. 

carbon atom adjacent  t o  the  carboxyl group. 

S a m q :  

1. I t  has been demonstrated t h a t  t he  methyl carbon atom of a c e t a t e  is con- 

ver ted  t o  t h e  methjlene carbon atom o f  glycine i n  bone marrow homogenates. 

2. I t  has been shown that thed-carbon atom of glycine cont r ibu tes  t o  the 

carboxyl carbon atom of g lyc ine  when glycine i s  incubated w i t h  bone marrow homogenates, 

3, 

4. 

The origin o f  metabolic C02 has been commented upon. 

A hypothe t ica l  scheme explaining the  r e s u l t s  summarized i n  2 and 3 

has been presented. 
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i 'roblen Code : LR.4 (Hematology) 

Sect ion Code: 3351 

Author: Marylou Ingram 

Current S t a t u s  o f  S tudies  o f  the  Occurrence o f  Unusual Lymphocytes i n  the  Blood 

o f  Cjjclotron Personnel 

The occurence i n  the  pe r iphe ra l  blood of lymphocytes wi th  bi lobed n u c l e i  

has been noted i n  personnel employed i n  various capac i t i e s  a t  t h e  130" Cyclotron 

L a b o r a t o r y  i n  Rochester, New York, 

of t h r e e  such c e l l s  was observed during exaninat ion o f  approximately 170,000 

P r i o r  t o  completion o f  t h e  cyclotron,  a total 

leukocytes f rom 44 heal thy ind iv idua ls ,  and n o t  more than one lymphocyte w i t h  a 

bilobed nucleus was found i n  t h e  combined smears from any member o f  t h e  group, 

On t h i s  bas i s  t h e  noma1  incidence i n  man has  t e n t a t i v e l y  been estimated a t  

approximately 1/50,000 leukocytes,  

Three months a f t e r  t h e  cyc lo t ron  was pu t  i n t o  opera t ion  t h e  incidence of 

t he  c e l l s  in t h e  sane group was approximately 10/50,000 leukocytes,  represent ing  
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a t en- fo ld  increase  based on t he  examination of  approximately 200,000 c e l l s ,  In 

b.70 ind iv idua ls  acc iden ta l ly  exposed as a r e s u l t  o f  s tart ing ou t  o f  t h e  back door 

of t he  shop towards the  cyc lo t ron  while the  cyc lo t ron  was running, t he  incidence 

o f  lymphocytes w i t h  bi lobed n u c l e i  was 20/50,000 leukocytes,  In t h e  one man who 

momentarily reached a poin t  j u s t  beyond t h e  end of t h e  p ro tec t ive  e a r t h  and 

concrete dike between the  shop and the  cyclotron, t h e  incidence was 28/50,000 ' 
leukocytes,  and on the  day after the inc iden t  he had fou r  lymphocytes w i t h  bilobed 

nuc le i  i n  1,944 leukocytes,  a n  incidence corresponding t o  103/50,0000 

In order  t o  check the  r e l a t i o n s h i p  between t h e  increased incidence o f  abnormal 

1;mphocytes and exposure t o  r a d i a t i o n  from t h e  cyclotron,  t h ree  dogs have been 

studied before and a f t e r  b r i e f  exposure. 

counts f o r  approximately two months p r i o r  t o  exposure, and during t h i s  time dogs 

were chained by a six foot chain i n  t h e i r  assigned pos i t i ons  outs ide  t h e  cyclotron 

bui ld ing  severa l  times when the  cyclotron was n o t  r u n n i n g  i n  order  t o  rule o u t  the 

p o s s i b i l i t y  t h a t  extraneous f ac to r s  might be respons ib le  f o r  any observed increase 

i~ t he  incidence of t h e  abnormal lymphocytes. Two o f  t he  pos i t i ons  chosen 

corresponded t o  the  pos i t ions  occupied by t h e  4x0 men who had been exposed 

ecc identa l ly .  The t h i r d  p o s i t i o n  was nea re r  t h e  cyc lo t ron  bui lding,  Three 

Each dog had complete d a i l y  blood 

-I- 

nuclear  t r a c k  p l a t e s  m r e  a t tached  t o  the  c o l l a r  o f  each dog. On August 22nd 

t he  dogs were chained i n  t h e i r  r e spec t ive  pos i t i ons  f o r  30 minutes while t h e  

cyclotron was running, represent ing an  increase  o f  l o x  - 15x over  t h e  exposure 

per iod of t he  two men. Although analysis of r e s u l t s  i s  n o t  yet  completed it is 

possible  t o  demonstrate a d e f i n i t e  increase  in t h e  incidence of lymphocytes with 

bilobed nuc le io  

f r o m  the  combined smears o f t h e  three dogs during t h e  con t ro l  period, 22 were found 

Whereas only one such c e l l  was  found among t h e  371,994 leukocytes 
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among the 420,000 leukocytes  during the f i rs t  week a f t e r  exposure. I t  appears 

t h a t  the c e l l s  f i r s t  occur in the per iphera l  blood one to two days d t e r  expoau~o, 

and a re  noted very i n f r equen t ly  a f t e r  t h e  f i r s t  post-exposure m e k ,  

The exposed dogs were followed f o r  approximately one month a f t e r  exposure 

and appeared t o  have re turned  t o  normal as regards t h e  lymphocytes. 

animals were then  exposed a second time, 

smears from the  second exposure a r e  cu r ren t ly  b e b g  in t e rp re t ed .  I t  i s  expected 

t h a t  a t h i r d  exposure w i l l  be ca r r i ed  o u t  using t he  same animals a f t e r  they have 

recovered. from t h e  second exposure, 

The 

Results from examination of posbexpogure 

The increased occurrence of lymphocytes w i t h  bi lobed n u c l e i  appears t o  be 

an unusually s e n s i t i v e  ind ica to r  o f  exposure t o  r a d i a t i o n  o r ig ina t ing  from t he  

cyclotron. 

d e f i n i t e l y  f e l t  t h a t  r o u t i n e  monitoring devices such as f i l m  badges would almost 

c e r t a i n l y  have f a i l e d  t o  i n d i c a t e  any exposure. 

examkcitions a re  r e l a t i v e l y  i n s e n s i t i v e  t o  exposures o f  s i m i l a r  magnitude. 

In t h e  case o f  t h e  acc identa l  exposure of t h e  two men it is 

Simi lar ly ,  r o u t i n e  hematological 

?roblem Code: X.R.6 

Sect ion Code: 3380 

Author: James G. Wilson 

Effec ts  of X-Irradiat ion on Einbryonic Development in the  Rat 

In previous progress  r e p o r t s  and in a manuscript  now in preparat ion,  a 

m3thod was descr ibed whereby c e r t a i n  o f  t h e  embryos i n  pregnant r a t s  could be 

subjected t o  d i r e c t  i r r a d i a t i o n  while t h e  remaining embryos, t oge the r  w i t h  the 

mother, were sh ie lded  from i r r a d i a t i o n .  

i r r a d i a t i o n  i n t e r v a l s  (24, 48, 72, 96 or 120 hours) by k i l l i n g  t h e  mothers; and 

Pregnancy was i n t e r rup ted  a t  var ious  post- 
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t h e  uT;ercs VRZS exanined f o r  l i v ing ,  dead and resorbed einbryos, Uurviving embryos 

xrere weished, measured ma prepared f o r  h i s to log ic  s tudy,  P .d.  

The f i r s t  phase of  t h e  problem d e a l t v i t h  the  e f f e c t s  o f  i r r a d i a t i o n  on the . .. 
5 '  

10th day of  ges t a t ion  w i t h  dosages o f  50, 100, 200 o r  400 roentgen units administered *.- c 

a t  a s i s g l e  exposurea 

Thus, of 335 enbryos, 138 were i r r a d i a t e d  a=ld 197 were sh ie lded  t o  serve as c o n t k s .  .- -... 

-* +:- . 
Three t o  s i x  enbryos i n  each o f  37 pregnancies were exposed. 

. A  -- - -. 
1. $<S 

n, -:le e f f e c t s  cf  t h i s  type of i r r a d i a t i o n  f e l l  i n t o  th ree  genera l  ca tegor ies :  (1)'death 
.ill" , * -~ 

ol' %he er-br-yo during t h e  pos t - i r r ad ia t ion  i n t e r v a l ,  ( 2 )  decrease i n  t h e  r a t e  of 

ove rz l l  body-growth, and ( 3) abnomal  growth, t h a t  i s ,  s p e c i f i c  r e t a rda t ions  and 
,- - C.  

c a l f o r m t i o n s  , 

Dosage wi th  50 r on the  1 0 t h  day was found t o  be i n e f f e c t i v e ,  s ince  embryos 

e q o s e d  t o  t n i s  dosage d i d  not d i f f e r  from t h e i r  l i t t e r n a t e  cont ro ls  in any of 
I .;5.' 

.C - n 
I-?_*. . 
' a .  

tiie above mentioned respec ts  when pregnancy was terminated one t o  f i v e  days later,. , c  " 

This  was subs tan t ia ted  i n l h r e e  l i t t e r s  allowed t o  go t o  term; t h e  previously ; , - 
zrc?osed ne:vborns were i n  no way d i f f e r e n t  f i o m  t h e i r  unexposed s i5 l ings .  A r t h e r -  

r,ore, no evidence of impairment i n  tht? germ plasm TE~S observed %-hen t h e  i r r a d i a t e d  

. .  .. 
_. 

offs,rin,g ':;ere bred 3jj bro the r - s i s t e r  na t ings  through th ree  generat ions,  
i '  

3zposure t o  100 r on t h e  10 th  day, however, r l t e rcc!  developnent i n  severe l  
. _ _  

r ? s p c t s .  

e z b r y o s  t o  25.5$ in  i r r a d i a t e d  embrjos. 

t h e  r a t e  o f  ove rn l l  growth during t h e  5-day pos t - i r r ad ia t ion  per iod  m s  reduced 

5:- cvcrege o f  13%. The course o f  development :7as r l s o  eppreciably a l t e r ed ,  , 

The rete o f  i n t r a u t e r i n e  death was increased f r o 3  Inez$ i n  non-irradiated 

In the  exposed animals which survived 

-": . 
. *' .,. 

I 

Spec i f i c  r e t a rda t ion  17as noted in the  cen t r a l  nervous systen,  t he  geni to-ur inary 

t r a c t ,  and the  hea r t  o f  about one-third o f  a l l  erxbryos rece iv ing  t h i s  dosage. 

?rmk rialformations were preva len t  only i n  t h e  eye; b u t  some form o f  ocular  

anomaly was  found in 68% of  i r r a d i a t e d  embryoso 

. -- . .  
- .  

U' *..-- .. 
--' :: 

- .! . 
Llalformations i n  o t h e r  organs .. 
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were r a r e  and l imi t ed  t o  t h e  b r a i n  and u r i n a r y , t r a c t .  

in which rece ived  100 ra were allowed t o  go t o  term. 

Two l i t t e r s ,  some embryos 

B i r th  weight Gas lower and  

pos tna ta l  death r a t e  was higher  i n  t h e  exposed young than in t h e i r  non-exposed 

l i t t e r n a t e s ,  

b l ind  due t o  anophthalmia o r  extreme microphthalmia, 

the b l k d  ones, were bred by b r o t h e r - s i s t e r  matings through three generat ions;  b u t  

Approximately one-half o f  the surv ivors  were found t o  be permanently 

1rradia.ted animals, including 

n o  heredi ta ry  de fec t s  were detected.  

I r r a d i a t i o n  wi th  200 r o n  t h e  1 0 t h  day was considerably more damaging than 

treatment  wi th  100 r e  

day occurred in 36,5$ of  t h e  embryos r ece iv ing  t h i s  dosage, as compared w i t h  14.25 

I n t r a u t e r i n e  dea th  by or before t h e  5 t h  pos t - i r r ad ia t ion  

o f  con t ro l  animals. 

exposed nninals  t h a t  survived was approximately 35% below t h a t  o f  unexpoaed animals. 

During t h e  same period the ra te  of  overa l l 'g rowth  In the 

Al t e ra t ions  i n  t h e  course of  development followed t h e  same general  p a t t e r n  88 was 

noted a f t e r  100 r, b u t  both specific r e t a r d a t i o n s  and malformations were more 

extreme i n  degree and more p reva len t  i n  occurrence a f t e r  200 r e  I n  add i t ion  t o  a 

::igh incidence of severe ocular  anomalies, malformations were obsemed in t h e  

bra in ,  hea r t ,  kidneys, a o r t i c  arches,  and appendages i n  seve ra l  instances .  Also 

s t r i k i n g  was t he  e f f e c t  o f  th is  dosage on hematopoiesis i n  t h e  liver. 

o f  t he  i r r a d i a t e d  eplbryos t he  l i v e r  was almost devoid of blood-forming elements, 

In many 

while  i n  cont ro l  animals of t h i s  age .the l i v e r  was t h e  s i t e  of g rea t  hematopoietic 

a c t i v i t y ,  

A dosage of 400 r on the 10th day proved t o  be inva r i ab ly  f a t a l  t o  the exposed 

embryos wi th in  the  f i r s t  24 hours a f t e r  i r r a d i a t i o n ,  

The r e s u l t s  s m a r i z e d  above do n o t  comprise an exhaust ive s tudy of t h e  

e f f e c t s  of x - i r r ad ia t ion  on t h e  10th day, b u t  t hey  a r e  s u f f i c i e n t  t o  e s t a b l i s h  a 

general  p a t t e r n  of response t o  var ious  dosages o f  x-rays a t  t h i s  s t age  o f  develop- 
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a standard of comparison, it is now proposed to investigate the e f f e c t s  of 

,,lth the nethods thus developed and using t>,e results already obtained as 

x-irradiation at other stages of development. Accordingly, several embryos in 

each of 7 pregnant rats have been subjected to x-rays on the 9th day of gestation. 

As yet the nunber of animals studied is too  small to permit definite statement of 

resultso Disregarding the pattern of the response, however, it is already apparent 

that m y  dosage administered on the 9th day is more damaging than  the same dosage 

given on the 10th day,, 
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L-'roblcm Code: I.R.1 (F lash  Burns) 

Sec t ion  Code: 2602 

. h tho r s :  B. 2. Xingsley, Lewis Hogg, H. 3. Pearse, V. DeLalla, 1.1. Xakney, - 
T. D. Davis 

The cont inuat ion o f  the  s tud ie s  of f l a s h  burns has brousht  f o r t h  e. number 

0,' 2roblens which r equ i r e  so lu t ion  i n  order  t o  f u l l y  understand the  r e l a t i o n s M p  

;: physical agent  producing the burn and t h e  r e s u l t a n t  l e s i o a ,  

iiaS been proceeding i n  two d i r ec t ions ;  f i rs t  t o  improve t h e  source of h igh  

i n t e n s i t y  energy and de tern ine  i t s  var ious c h a r a c t e r i s t i c s ,  and seconc',, t o  study 

t h e  e f f e c t s  of t h e  neasured amount of i nc iden t  energy on an experimental animal, 

2periz19ntat ion 

In previous r epor t s  t h e  problem of providing a h igh  in tens i ty-shor t  dura t ion  

Tho use o f  a high i n t e n s i t y  cerbon s r c  as t h e  source source of hea t  was discussed, 

9: energy was es t ab l i shed  as t h e  m o s t  adaptable  t o  labora tory  useo Zefinements 

02 t h i s  apparatus were necessary t o  obta in  accura te  neasurements and t o  inprove 

eZficiencyo 

8 s  l n rge  an a rea  burn as possible ,  This a i m  i s  sought t o  more nea r ly  dupl ica te  

i n  the  labora tory  the  type of in ju ry  produced by non-ionizing r a d i a t i o n  from rn 

c5onic bomb b la s t .  

The enlargement of t h e  source is equal ly  important i n  order  procuce 

In eva lua t ion  of e f f e c t s  of  f l a s h  burns, it has becone i m p o r t m t  t o  stu6y 

the experimental animals more completely. 

physiological  measurements a r e  e s s e n t i a l  in order  t o  eva lua te  e f f e c t s  of burnso 

j i n c e  it has been e s t ab l i shed  t h a t  i n fec t ion  plays an inpor t an t  r o l e  in heal ing 

ol' bums, bac te r io log ica l  s tud ie s  have been undertaken. i i isto-pathological 

Standardized values o f  var ious 
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s tud ie s  have been continued. 

Methods 

A. Physical aspec ts  

1. Source o f  energy. 

Two s i z e s  o f  s ea rch l igh t s  are i n  use; a 24" U. S. Navy, Hodel 1942 

Searchl ight ,  and a 60" U, S, Army, LIodel 1942 Searchl ight .  The p a r a l l e l  l i e  
emerging from the  open drum f ace  o f  the  sea rch l igh t  is col lec ted  by a parabo 

r e f l e c t o r ,  a dupl ica te  o f  the  m i r r o r  w i th in  t h e  sea rch l igh t  drum, and brougt 

a focus. Ref lec tors  a r e  f ront-surfaced wi th  rhodium plate .  

8 

\ I -  'I ,/ 

I r  I + u '\ I 

FIQ I - SCHEME FOR OPTICAL SYSTEM OF 60 INCH 
SEARCHLIGHT 

In Figure 1 a schematic diagram is shown. S and A are t h e  carbon are  

r e f l e c t o r ,  respec t ive ly ,  of t h e  searchl ight .  The near  p a r a l l e l  beam of ligh' 

in te rcepted  by a second parabol ic  r e f l e c t o r ,  At, which refocuses  the beam a t  

The sub jec t  i s  passed between t h e  two mir rors  a t  900 to the l i g h t  rays i n  su 

m e r  t h a t  the a r e a  t o  be burned passes through S * .  Means are provided t o  1 

r e f l e c t o r  A' in any d i r e c t i o n  f o r  obtaining accura te  focus.. UR 01242 
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:!le bemi i s  focused o n  t h e  su j jec?  by placinq a =ask over  Tie  P ram face 

.. . ~-~ ) t?.roTJ;:? which i s  pmcned. four holes?  SOo a p a r t  and equ i2 i s t an t  f r o n  t h e  

: : zzzre  

,:.en t he  c a s k  i s  removed, t;?e sub jec t  can be passed throu,zh the  poin t  S 7 ,  

s:uchli;kt  m a  r e f l e c t o r  a r e  SI-,OTM ir, s igures  2 ana 3 (:age 371, 

I.zmges fron t!:ese four  holes a re  superixposed Lirect1;r OG t he  sub jec t ,  

The 

A reczangular a?er ture  i n  a sheet  of t r a n s i t e  on t h e  s ide  of t l e  box fac ing  

t5.e seconi  re l ' lector  provides the  opening f o r  e x p s i n g  the  f lank  o f  t 3c  w.imal t o  

;!:e fgcuszd 'seam of  light, 

0 
I . , ,  -.I xnrz  neasurements , 

a. The Co?per Sphere Calor ineter , ,  

The Co2per SThere Calorimeter i s  an energy i i t e z r a t i n ;  deviceo I t  i s  

i e s i p c d  tc, zeasurc t h e  t o t a l  i n t eg ra t ed  energy of a pulse  o f  r a d i a n t  energy of 

ilL;h i n t e a s i t y  and s h o r t  durat ion,  It  i s  a non-select ive r ece ive ra  

Figure 4 (?zge 39) gives  a s c h e m t i c  diagram o f  t:?e i x s t r a e n t ,  C is a 

- L  u:,i~.--.iallz? c o p p r  sphere, x!:ic:i i s  .made ' ~ y  s2innin.; t::o heriispheres and. solderizlg 

tl:ex tozetker .  

-.:? ~ n s i c k  o f  the  sphere i s  blacked wi th  z inc  blac!:,, 

doscr i jed  by ;io 3, r'orsjrthe (l), 

$::e T i l c e n i ;  z u s t  be nadc w i t h  l o n g  enough leads  t o  g e t  the f i l a x e n t  'krough the  

There i s  a $".openin; ir. t h e  sphere f o r  t!:e i2 t roduct ion  of energ;.. 

-. . i!ie n e t h o i  02 blackening i s  

The only modi f ica t ion  of t h i s  nethod i s  t h a t  

o2enia.; of t he  s?here and pos i t i on  it i n  t h e  c m t e r  o f  the  sphere,, 

Four cons tan t in  leeds  of 3 m i l  d i m e t e r  a r e  soldered t o  the  outs ide  swfacc ,  

A 3 nil copper lcn.! i s  sold ere^ st E. pos i t i on  20' asart ana 30' from the oncning, 

120' fro?, t!:c: o?eniy;, 

t h e  l eads  end f o r  solder ing the  t v o  copper hemispheres,, 

A minimw a x o u t  o f  s o l c k r  i s  used, both f a r  caldcring 

7 .  .-lg,ure 4 (Page 3 9 ) a l s o  shoxs t h e  aeasurin;; c i r c u i t ,  which has Seen modified 

-- i n  l a t e r  Zeasureaents as i n  T i p r e  5 (Page 3 9 ) ,  ,:ere, the emf generated by t he  
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I z i t i a l  temperature d i f f e rence  between the  junc t ions  on t h e  sphere and t h e  cold or 

reference junction, i s  bucked outTTith an opposing emf, 

$ 3  rsake i t  poss ib le  t o  ad jus t  t h e  galvanometer without  tw i s t ing  the suspension 

excessively.  

The purpose of t h i s  i s  

This makes it possible  t o  take more readings i n  any period of  time 

because o3e does n o t  have t o  wait f o r  t he  sphere t o  cool down a f t e r  each reading. 

The sphere i s  mounted between s ix  l u c i t e  points ,  which are s o  made t o  hold 

t h e  sphere f i d y  by spr ing  tension. The sphere and mounting are contained in a 

l x i t e  box which i s  painted wi th  aluminurn p a i n t  t o  make it opaquee 

The f r o n t  s ide  of  the  box has a 2s" diameter hole, ou ts ide  of  which i s  a 

brass  p l a t e  which a l s o  has a 2%" diameter hole  which coincides  w i t h  the hole i n  the 

l u c i t e ,  The hole i n  t h e  b r a s s , p l a t e  i s  threaded t o  accomodate d i a p k m s  of var ious  

sizes,, 

i n  the boxe 

Figure 6 (Page 41) shows t h e  mounted copper sphere before  it i s  i n s e r t e d  

Figure 7 (Page 41) shows the  instrument  assembled, 

Figure 8 (Page 42) shows a cross-sect ion o f  the  ins t runent ,  showing the con- 

s t r u c t i o n  o f  the d iaphrm.  This i s  D brass d i s c  wi th  a hole i n  t h e  center. The 

f r m t  of the  d i s c  i s  hollowed ou t  i n  the  shape of' a 130' cone, in order  t o  accomodate 

tkd l a r g e  a n g l e  o f  t h e  refocused sea rch l igh t  beam. The r e a r  surface of  t h e  d i s c  

i s  turned t o  a cone having an  an@e of  170°, This much i s  then  chrome-plated. 

:?lme l u c i t e  disc ,  s i l ve red  (by evaporation) on both s ides ,  i s  a t tached  t o  t h e  

;-ear sur face  of t h e  d i s c  as shorn i n  Figure 8 (?age 42) .  

cccondary r a d i a t i o n  o f  t h e  diaphram from s t r i k i n g  the  sphereo 

-1 

This i s  t o  prevent the  

The Copper Sphere Calorimeter i s  c a l i b r a t e d  by sea l ing  t h e  opening and 

L x e r s i n g  the  sphere i n  an a g i t a t e d  water bath. A standard thermometer, graduated 

i:1 0 0 1 ~  C, measures the  temperature o f  t h e  water  bath. 

'wth i s  var ied  by adding small mounts of  ho t  water, 

The temperature of the 

Due t o  the  l o w  s p e c i f i c  hea t  

0: co?per, the  sphere assbpes t h e  temperature o f  t he  water a lmost  immediately. 
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The temperature vs. galvanometer d e f l e c t i o n  i s  p lo t ted .  

l i n e a r  func t ion  over a wide  range. 

This i s  found t o  be a 

Knowing the  weight o f  t h e  sphere and i t s  s p e c i f i c  hea t ,  a c a l i b r a t i o n  

curve can be p lo t t ed  i n  terms of t h e  e n e r u  absorbed and t h e  emf generated. 

b. Platinum-Platinum Rhodium Thermocouple probe. 

Figure 9 

Figure 9 above shows t h i s  probe. A platinum-platinum rhodium thermocoupl 

i s  mounted i n  such a fash ion  t h a t  it can be moved i n  very small increments, t he  

t o t a l  t r a v e l  being 5.6 cm. 

i t s  temperature i s  assumed t o  remain reasonably constant.  

The reference junc t ion  i s  placed in  t h e  shadow, and 

The output  o f  t he  thernocouple i s  fed d i r e c t l y  t o  a Brown Recording 

Potentiometer. The thermocouple was m v e d  0.035 cm a t  a t ime and allowed t o  

el i stand for  30 seconds before moving again. The average of each 30 second reading 

UR 01249 
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-:itis t&en, and the  da t a  p lo t t ed  as percent  t a x 1  inte3sibJv vs. d i s t ance  from the  

center  o f  t h e  spot. 

3 ,  m e r i z i e n t a l  aninals .  

Young Chester i h i t e  p igs  have been usedo &es vary from 2-12 months, 

a.-ei~hC,s vary from 15-40 pounds. 30th sexes a r e  represented. 

Af te r  procuring animals a period of a t  l ea s t  two weeks i s  used t o  make 

observat ions as t o  weight change, hematology, blood c h e f i s t r y  and bac te r io log ice l  

f l o r a  on t h e  caged animal, 

Pigs  a re  fed  a r a t i o n  of Purina "Sow end Pig Complete Ration" ?vhich 

contains  1500 cal .  per pound and a d i g e s t i b l e  1200 csl ,  per  pound. 

contains  adequate amounts of  e s s e n t i a l  amino ac ids ,  fa ts ,  carbohydrates,  minera ls  

and vitamins,  

This d i e t  

In preparat ion f o r  exposure t o  i r r a d i a t i o n ,  t he  animals are anes the t ized  

wi th  ve t e r ina ry  nembutal, ,065 gms per  5 pounds given intravenously.  

nenbutal  i s  f requent ly  necessary. 

c l o s e l y  wi th  e l e c t r i c  c l ippers .  

and ad jus ted  t o  present  t h e  f lank  as a plane sur face  behind the  aper ture  in t he  

t r a n s  i t e  e 

Supplemental 

The h a i r  i s  c a r e f u l l y  removed by c l ipp ing  

The p ig  i s  placed prone i n  t h e  t r a n s i t e  box 

The speed o f  the  c a r t  t r ave r s ing  the  beam C M  bo var ied  t o  change du ra t ion  

of exposure o f  1 sq. cm. from .26 secs.  t o  .04 secs ,  Prith t h e  p re sen t  equipment. 

After exposure, drawings and photographs a r e  nade o f t h e  r e s u l t a n t  burn. 

A biopsy of t he  burn and ad jacent  t i s s u e  i s  made wi th in  t h e  first hour. 

observations of  appearance of burn and i t s  pathology a r e  made. 

and blood chemical determinat ions a r e  ca r r i ed  o u t  in subsequent periods. 

Frequent 

Hematological 

4, Pathology. 

Biopsies of the bums  and ad jacent  normal sk in  are taken immediately af ter  

UNCLASSIFIED 
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the exposure and a t  i z t e r v a l s  of 24 hours t ? ie reaf te r .  

1 cm, deep and 4-6 cms in l e n g t h  a r e  removed, a t tached  t o  a g l a s s  s l i d e  and f ixed  

in Bouin's solution. 

uniform sec t ions  f o r  study. 

S t r i p s  4-5 m i n  width, 

Fixat ion t o  a g l a s s  s l i d e  by a su tu re  was found t o  insure 

Standard p a r a f f i n  imbedding and microtome s e c t i o n h g  

technique i s  used t o  provide sec t ions  f o r  hematoxylin and eos in  s ta ining.  

5. Hematological s tud ie s ,  

Determinations of mC, RBC, sed. rate,  hematocri t  and Hbg have been made. 

Xed and'white blood counts a r e  done by s tandard hemacytometers in  dupl icate .  

Xenoglobin i s  determined in t h e  S a h l i  apparatus  end checked by Klett-Sunmerson 

photo-e lec t r ic  co lor imet r ic  method, Sedimentation rates and hematocri t  

determinations are done i n  E n t r o b e  tubes  by s tandard c l i n i c a l  methods. 

6. Blood chemistry. 

Determination of t o t a l  protein,  albumin, globul in ,  urea ni t rogen,  chlor ide,  

i c t e r u s  index o f  serum and blood hemoglobin have been made. 

Tota l  p r o t e i n  is determined by the  micro-Xjeldahl nethod as modified and 

descr ibed by Horrland (2). An e r r o r  of l e s s  than  1% has been obtained in determi- 

na t ions  of  standard samples of  ammonium sulfate by t h i s  method. 

A/G r a t i o  of  serum i s  determined by methanol f r a c t i o n a t i o n  as described by 

Pillemer and Hutchinson (3)* The albumen f r a c t i o n  i s  measured by Kjeldahl 

d iges t ion  and t h e  g lobul in  value given by sub t r ac t ing  amount o f  albumen fran t h e  

va lue  f o r  t o t a l  p ro te in .  

Values f o r  ch lo r ide  concentrat ion i n  serum a r e  obtained by t h e  mercuric 

Ei t ra te  method as descr ibed by Schales and Schales ( 4 ) e  

Blood u rea  n i t rogen  i s  measured by the s tandard urease method o f  urea 

digest ion.  

Icterus index i s  determined by comparing a potassium chromate color  
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szEndare r k t h  d i l u t e d  serun i n  the  Klett-Summerson photo-e lec t r ic  colorimeter. 

Henoglobin concentrat ion in whole blood i s  determined by comparing t h e  

o p t i c a l  dens i ty  of a standard ac id  hematin s o l u t i o n  and a c i d i f i e d ,  d i l u t e d  whole 

blood i n  the KletC-Swmnerson photo-e lec t r ic  color imeter ,  

7. Bacteriology, 

Sfxmdard baa te r io log ica l  methods have been used t o  determine the  presence 

and analyze t h e  types of organisms present  as contaminants of skin and mucoun 

membranes o f  pigs  before production of burnsa Subsequent t o  burn injury,  cu l tu re s  

a r e  taken o f  t h e  burn and biopsy wounds, 

se sul ts 

A. Physical c h a r a c t e r i s t i c s  o f  source. , 

1, Lolsses involved in the present  setup,,  

The .two r e f l ec to r s ,  A and A', are rhodium plated,  and are a t  most only 

65% e f f i c i en t .  Since they ace not  pe r feo t ly  parabol ic ,  t h e r e  is a l s o  a mall 

loss due t o  the f a o t  t h a t  the beam projected f r am the  primary r e f l e c t o r  i s  not 

q u i t e  p a r a l l e l ,  about 6$ not being col lec ted  by the second r e f l e c t o r .  

There i s  a f u r t h e r  1066 due t o  t h e  f a o t  t h a t  about  3% of  the  energy 

de l ivered  t o  t h e  a r c  i s  i n  the tail flame which cannot be collimated. In t h e  . 

czse o f  t he  24" searchl ight ,  the  necessary s i z e  o f  t h e  t r a n s i t e  box fo r  holding 

tile subjec t  presents  an opaque surfaoe t o  the beam projec ted  from the  primary 

r e f l e c t o r  whose area i s  5% of the beam area.  

i s  reduced t o  9%. 

For the  60" searchl ight ,  this loss 

For t h e  24" searchl ight ,  t he  energy de l ivered  t o  t h e  sub jec t  i s  a t  most 

255 of t h e  energy emitted fiom the  pos i t i ve  c ra te r .  In t h e  case o f  t h e  60" 

l i c h t ,  t he  energy de l ivered  t o  the  sub jec t  i s  45% of  t h e  energy co l l ec t ed  *om 

the pos i t i ve  c ra t e r .  
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2. The fo l la r ing  t a b l e  gives the r e s u l t s  of the measurements on tb6 

24'1 Carbon Arc set-up taken w i t h  t h e  copper sphere calorimeter with t h e  var- 

ious diaphrams. 

TABm I 

Energy Flux thru Flux tm 
Maphram Exposure Meaeured Maphram -3- 
area c& time sec cal. c a l / d  eec vat t B /d 
0 974 0.16 7.1 0.46 1.9 

0 974 0.26 13.0 0.51 2.1 

0.546 0.16 4.6 0.53 2.2 

0.546 0.26 8.4 0.59 2.5 

0.317 0.16 2.3 0.45 2.. 9 
0.317 0.26 4.5 0.55 2-3 

3. The following table give6 the results of the measurements on the .-- 
60t1 Carbon Arc set-up taken with t h e  copper sphere calorimeter with the ' - -  

0.974 0.32 26.5 0.85 3.5 

0.546 0.19 9.7 0.94 3.9 

0.546 0.32 16.5 0.95 3-9 

0.317 0.19 5.1 0.85 3.5 

0.317 

0.062 

0.32 

0.19 

8.9 

1 . 3  

0.88 

1.10 

3.7 
4.6 

.I 

0.062 0.32 2.1 1.06 4e4 . .  
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;arbon Arc set-up taken with the  

. i i 2 $ u - L x l S .  

Diaphray 
area cm 

Exposure 
time sec  

0,974 

0,974 

0,546 

0.546 

0.317 

08317 

0018 

0029 

0013 

0021 

0410 

0.17 

copper sphere c c l o r i n e t e r  -:.it5 %:-.E- v w i o u s  

TABLE 1 

Energy. Flux , t h r u  Flux t h r u  
Dia ham Diaphram Measured 

c a l  ca1& sec watts/nrm;! 

70 1 0.41 1 0 7  

13,O 0,39 1.6 

406 0065 207 

3. The following t a b l e  g ives  the  r e s u l t s  o f  the meesurezents on the 60” 

Carbon Arc set-up taken with t h e  copper sphere 

diaphram , 

T A B U  2 

Diaphram 
area  cm2 

ikposure 
time sec 

0.974 

0.974 

0,546 

0.546 

0.317 

0.317 

0,062 

00062 

~ 

0.18 

0.29 

0.13 

0.21 

0010 

0.17 

0.05 

0.07 

Energy 
Measured 

ca l  

1506 

2605 

907 

16.5 

5 0 1  

2 01 

calor imeter  w i t h  the  various 

Flux thru 
Diaphram 

cal/mm2 sec 

0.91 

106 

l e 7  

4.7 

Flux thru 
Diaphram 
w a t t  s/m2 

308 

30 9 

5.8 

5 e 8  

6*7  

7 0 1  

19.6 

19 ,3 
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4. The curve of Figure 1 0  below shows t h e  r e l a t i v e  i n t e n s i t y  of t h e  energy 

as a func t ion  of t he  d is tance  from the  cen te r  of t h e  spot.  These measurements‘ I 

were taken d i r e c t l y  in  the  foca l  s p o t ,  
.. .. 
-ii 

-: - * .  ..__---. 

INTENSITY DlSTRl8UTlON 
AS A FUNCTION OF THE 
DISTANCE ACROSS SPOT. 

I I I J 
a70 140 8.0 Leo 

LEFT -CM- RIGHT 

I 

Figure 10 

B, Physiological  Resul ts  

1, Burn production. 

The l e s ions  observed consis ted of 3 d i s c r e t e  zones, 1. a c e n t r a l  zone . 

colored gray whi te  w i th  a roughened su r face  showing i r r e g u l a r  carbonizat ion of 

t he  sk in  and h a i r  and occasional  d e l i c a t e  blebs wi th  d r y  base8, 2. a surrounding 
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23-30 rm wide, 

corresponds to t h e  measurenent o f  t he  s l o t  i n  t h e  t r a n s i t e .  

sot seen previously was the  appearance of a d i s c r e t e  e leva ted  edematous area 

beneath t h e  erythema a n d - f l a r e  zones t h a t  surrounded t h e  les ion .  

one hour a f t e r  exposure. 

The c e n t r a l  zone i s  a p p r o x h t e l y  1 x 10 inches in size which 

An inf requent  f ind ing  

This subsided 

A t  24 hours, the  c e n t r a l  zone was a pale  violaceous gray  in color ,  e levated,  

A t  t h i s  t ime the  b lebs  mere n e a r l y  completely denuded, a?d puckered and sof t .  

d r y  f l s s u r e s  irrere present.  

sur?le i n  co loro  

The erytherrAtous border was narrowed (1-3 mu) and red- 

There m s  no f u r t h e r  no t i ceab le  change un t i l  72 hours, a t  which time the 

The c e n t r a l  zone appeared more as an eschar wi th  brown pigmentation beginning. 

irmeciiately adjacent  area a l s o  showed a brown pigmented co lo r  r a t h e r  than  

erythema . 
Eschar formation was progressing a t  5 days and was f 'ully developed a t  

7-9 days, 

pheral  detachment. 

beneath the  detached periphery,  

and w a s  campleted i n  approximately 14 days. 

of the cz?inal i n  h i s  cage. 

lucent .  Hair regenera t ion  mas d i sce rn ib l e  i n  spo t ty  areas. 

The eschar  was l ea thery ,  brown and black and underwent p a r t i a l  per i -  

Regenerated pa le  and t r ans lucen t  ep i the l ium was present  

Progressive detachment and shr inkage occurred 

The eschar  was removed by a c t i v i t y  

The underlying epi thel ium was pink, t h i n  and trans- 

A t  the p resen t  t i m e ,  s ec t ions  have n o t  been re turned  f o r  microscopic study. 

For t h i s  reason the microscopic observat ion w i l l  be included i n  a subsequent 

re?ort .  

2, Hematology. 

Hematological determinat ions were performed on s i x  p igs  of  t he  Chester 

a i t e  strain. The animals were s tudied  f o r  a 6 meek period, and approximately 
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,50-40 detenninat ions perforaed on each nnimal , 

Throughout t h e  s tud ie s  the  animals gained weight, r smir -ed  f r e e  from 

infaction, and a?p=sred narIi181. 

teckmician using s tandard procedures, 

the  r r , e x b a l  and m i n b a l  values were co l l ec t ed  and recorded f o r  a l l  t h e  a n h l s .  

-4 xean was es t ab l i shed  for  a l l  t h e  means of  t h e  var ious  animals and t h i s  da t a  

The t e f o r n i n a t i o n s  were performed by t h e  same 

A t  t he  end of the i n v e s t i g a t i m  period, 

iz l i s t e d  in t abu la t ed  f c r n  below: 

Lhximal Minimal 

8.80 4.90 RBC 
( X i 1  1 ions ) 

C 

Hematocrit 
($1 

32,000 15,900 

27,O 0 

51.0 37.0 

iEange of 
Llean 

(6 animals) 

6.92-7.46 

18,990-22,720 

e 9 7-3 92 

39.5-44.3 

Average 
lie an 

7.13 

20,586 

1.72 

42.5 

11 , 66 

The study of hematological e f f e c t s  o f  burns in these animals i s  i n  

?r ogre s s , 

3. Biochemistry. 

Values f o r  t o t a l  p ro te in ,  albumin, globul in ,  blood urea ni t rogen,  chlor ide,  

i c t q r i c  index and hemoglobin i n  t h e  serum mere co l l ec t ed ,  The determinat ions 

17er3 done on Chester Thi te  pigs,  t h e  same animals used f o r  t5e  hematological 

J e t emina t ions .  The maximal and m i n i m a l  values  and mews f o r  t h e  group were 

:>staSlished. They are tabula ted  as f o l l o w s :  
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T o t a l  B o t e i n  
6 gas  ,J 

Serun Albumen 
p s  $ 

Serun Globulin 
p s  $ 

Serum Chloride 
m eq, 

Elood Urea Nitrogen 
mg 5 

I c t e rus  Index 

Serum 
Ilenog 1 o b i n  

P S  % 

4b90 - 

149.7 - 
16.40 - 
16.06 - 

0.56 - 

Ziairil 

5,26 

1.62 

2.87 

101.2 

1.60 

1.46 

0.03 

Uean ( 6  animals)  

6,06-6.93 

2 . 68-2 SO 

3.16-3899 

112.9-125.5 

10.0-14 09 

3.81-5.20 

016- 032 

Average 

6.31 

2.72 

3.55 

117.7 

11.24 

4.66 

023 

I n s u f f i c i e n t  d a t a k v e  been obtained f o r  eva lua t ing  t h e  e f f e c t s  of burns 

on <::e blood chemistry o f  t h e  animals. These e f f e c t s  a r e  being studied. 

4. Bacteriology. 

Studies  have been p i l o t  i n  nature .  The apparent normal f l o r a  of t h e  p ig  

i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from his surroundings. 

Table 3 (Page 52) shows t h e  various organisms found in  samples from the 

p ig .  

3iscussion and Conclusions 

A. ?hysical c h a r a c t e r i s t i c s  of energy source. 

The f l u x  for two d i f f e r e n t  times of exposure through the same diaphram 

area  agree f a i r l y  well as t he  l a s t  two columns of Tables 1 and 2 (Page 47) shm. 

The agreement i s  b e t t e r  in Table 2 which i s  t h e  da t a  from t h e  60" search- 

1ii ;ht  arc .  The most probable reason for t h i s  i s  as follows. 

U R  01258 
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TABLE 3 

NO 
fig 7nex-e Co 1 oni  e s I d e n t i f i c a t i o n  and Eo. o f -  
;;o . Taken Obtained Colony Typ es Obtained Various Colonies t o  Date 

25 D r y  
swab of f  
side 

1 s t r a i n  Sarc l u t e a  
2 s t r a i n s  other type S a r c h  

1 s t r a i n  o ther  type 

1 Gram f rod 
1 shor t  chain Streptococcus 

-- 8 Micrococcus 
Short  chain Streptococcus 
Sarcina 2 s t r a i n s  Eicrococcue l u t e u r  . 

Micrococcus 

25 Dry None 
swab l i p  
f o l d s  

27  Slood (not  2 Micrococcus 
s t e r  i 1 e ly 
drawn) 

2 s t r a i n s  

28 DV s m b  None 
inner l i p  
f o l d s  

28 D r y  swab None 
of bleed- 
ing s i t e  

29 Blood from 6 Micrococcus 
in fec t ion  Sarcina 

2 s t r a i n s  Sarcina lutea 
2 shor t  chain Streptococci  

- 
s i t e  Short  chain Streptococcus 2 s t r a i n s  L5crococcus -- 

27 D r y  smab 
from s ide  

6 Sarcina 2 s h o r t  chain Streptococci  
Gram f rods 
Short  chain Streptococcus 2 s t r a i n s  Gram { rods (1 

spore former) 
1 s t r a i n  s a r c  l u t e a  
1 s t r a i n  o ther  type Sarcina 
-- 

28 Dry swab 6 Sarcina 
l i p  f o l d s  Micrococcus 

1 probable sho r t  chain 

2 s t r a i n s  Sarc lutea 
1 s t r a i n  ~ ~ C O C O U S  candidus 
2 s t r a i n s  o ther  type Sarcina 

Streptococcus 

UNCLASSIFIED 
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Zhen one observes the  bvo ' a r c s  i n  opera t ion ,  it i s  r e a d i l y  not iceable  t ha t  

the  60" a r c  i s  the  s t e a d i e r  of  t h e  6vo. 

cur ren t  through t h e  a r c  v a r i e s  as much as 3%. 

The feeding n;echanism f o r  t h e  24" a r c  i s  n o t  dependable f o r  maintaining a constant  

a rc  l eng th  f o r  any per iod of time, The 

l i g h t  output  f r o m t h e  a r c  i s  very  s e n s i t i v e  t o  t h e  p o s i t i o n  of the  pos i t i ve  c r a t e r  

The 24" arc s p u t t e r s  considerably,  and t h e  

This i s  a non-periodic var ia t ion .  

This r equ i r e s  per iodic  m u a l  adjustment, 

i7ith r e spec t  t o  the  foca l  po in t  of the r e f l e c t o r .  Very s l i g h t  changes i n  pos i t i on  

of t he  pos i t i ve  c r a t e r  produce marked changes i n  t h e  i n t e n s i t y  a t  t h e  second foca l  

ao in t ,  This ras noted i n  explorini;  t h e  focal spot  w i t h  t h e  platinum-platbum 

r h o d i m  thermocouple,, 
. .  

There i s  a per iodic  v a r i a t i o n  o f  t h e  flux through the  second foca l  po in t  

of about 3-4$, t h e  per iod of which corresponds t o  t h e  time of one revolu t ion  of 

the pos i t i ve  carbon. There a r e  also r a n d m  v a r i a t i o n s  as g rea t  as lo$, the  reason 

f o r  which i s  not  c lear .  Then t h e r e  are t h e  v a r i a t i o n s  due t o  t h e  necess i ty  for 

nanual a d j u s t m n t  of  t h e  pos i t i on  o f  t h e  p o s i t i v e  c r a t e r ,  bu t  t hese  are kep t  t o  

8 ziinhun and probably do n o t  amount t o  more than 2%. 

The feed r a t e  of t he  60" l i g h t  i s  au tomat ica l ly  con t ro l l ed  by a t h e m o s t a t ,  

Although the  thermocouple probe has no t  been used t o  explore the second f o c a l  Spot 

of t h i s  l i g h t  a s  ye t ,  it i s  expected t h a t  t h e  v a r i a t i o n  i n  flux w i l l  be much 

l e s s .  

born o u t  by the f igu res  i n  the las t  two columns of Table 2 (Page 47), which show 

close agreement f o r  t he  f lux f o r  two d i f f e r e n t  exposure times through the  same 

The a r c  i s  much q u i e t e r  and more s teady  than  t h e  smaller one. This is 

diaphram area.  

The carbon used i n  the  24" light is an experimental  high i n t e n s i t y  10 

p o s i t i v e  which was obtained from the National Carbon CO., and i s  r a t e d  a t  145 

amperes and 80 v o l t s O  The carbon used in t h e  60" l i g h t  i s  t h e  s t anda rd  16 mm 

. UR 02260 



GITCLASSIrTED 

sea rch l ign t  carbon which i s  r a t e d  a t  150 amperes and 80 vol t s .  

?lux Porn t he  GO" l i g h t  i s  the re fo re  due pr imar i ly  t o  t h e  reduced lo s s ' due  t o  

the subjec t  in the  p a r a l l e l  beam, 

The increase  in  

The s tandard p o s i t i v e  carbon for t h e  24" l i g h t  i s  the  10 mm s e a r c h l i g h t  

pos i t ive ,  r e t ed  a t  100 anperes and 90 vo l t s ,  

talcen with t h i s  carbon due t o  t h e  f a c t  that  t h e  Copper Sphere Calorimeter was not 

s u f f i c i e n t l y  developed a t  t h a t  time, and s ince  t h e  advent of t h e  experimental 

hl;h i c t e n s i t y  pos i t i ve ,  no use has been made of t h i s  carbon. 

No accurate  measurements have been 

Table 4 below g i v e s  the energy del ivered t o  t h e  subjec t  t o  be burned, The 

nree. considered i s  one square centimeter,  so t 5 a t w h e n  one square centimeter of 

th? subjec t  passes completely through t h e  spot, t he  energ ies  l i s t e d  i n  Table 4 

f a l l  on t h a t  a rea  in  the  time of t h e  exposuree 

Tables 1 and 2 (Page 47) f o r  t h e  0.974 cm2 aperture, correc ted  t o  1 cm2. 

value given f o r  t h e  s tandard 10 x n  p o s i t i v e  carbon used i n  t h e  24" l i g h t  are t h e  

These values are t aken  from 

The 

bes t  ava i lab le ,  They are included t o  show the  improvement of t h e  10  mm experi- 

m n t a l  high i n t e n s i t y  carbon over the  s tandard carbon. 

TABLE 4 

Energy del ivered  t o  1 can2 of the  
sub jec t  in t h e  f o c a l  spot  cal/cm2 

T h e  o f  exposure Oo29 sec 0.18 s0c 

24" carbon a r c  with s tandard 10 mm 
search l i g h t  pos i t i ve  operated a t  
100 amps and 90 v o l t s  

8.7 

24" carbon a r c  w i t h  10 mm experi- 
non ta l  high i n t e n s i t y  p o s i t i v e  13.4 
operated a t  145 amps.and 80 v o l t s  

60" carbon arc with s tandard  16 nun 
s e a r c h l i g h t  carbon operated a t  
150 m p s  and 80 v o l t s  

26 ,5 

4.9 

. 
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;7ork on the Copper Sphere Calorizieter i s  s t i l l  go ing  on. Zefinenents are 

plarined :7hich should increase the accxracy, ikre d e t a i l e d  study 0:’ temperature 

i i s t r i b u t i o n  on the sphere, and the l o s s e s  involved a r e  i n  progress. 

3. Physiological aspec tso  

A t  the  present  time no general  systemic e f f e c t s  of  t he  burns such as 

i aned ia t e  o r  delayed shock have been notedo 

the  burn account f o r  t h i s .  Plans have been made f o r  redesigning t h e  apparatus 

in order t o  provide f a c i l i t i e s  f o r  r e l a t i v e l y  l a r g e  sur face  area bums. 

comparison can then be made between animals mith a reas  of f l a s h  burns and similar 

The r e l a t i v e l y  mall surface area of  

A 

areas  o f  lorn temperature bums. 

A m i l d  t o  severe burn can be produced by i n t ense  l i g h t ,  generated from a 

carbon arc.  Lesions produced a r e  remarkably cons tan t  in gross  appearance when 

the i n t e n s i t y  of i l lumina t ion  and t h e  du ra t ion  o f  exposure remain constante  

The va r i ab le  appearance of the burn s t r i p  p a r t i c u l a r l y  i n r e g a r d  t o  t h e  amount of 

d r y  bleb formation and carbonization, i s  thought t o  be due t o  movement o f  t h e  

inadequately anes the t ized  p ig ,  

t o  vrithchw f i o m  t h e  source of in jury ,  moves in and out  o f  t h e  foca l  spot  of the 

l i gh t .  

In t h i s  l a t t e r  event, the animal i n  h i s  attempt 

Plans a r e  made t o  nore adequately anes the t i ze  the  animal and provide 

‘set ter  f i x a t i o n  beneath the  t r a n s i t e  mask, 

Since more accura te  methods f o r  measuring t h e  inc iden t  energy a r e  now 

ava i lab le ,  assessment o f  b io logica l  e f f e c t s  produced by q u a n t i t a t i v e  amounts of 

energy can be made. Ueasurements of  th reshold  energy, i.8. t h a t  amount of energy 

necessary t o  produce trans-epidermal necros is ,  a r e  contemplated. 

Values for hematological and biochemical measurements on the  young Chester 

n i t e  p i g s  have been obtained and w i l l  serve as the  “normals” f o r  subsequent 

experiments, 
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Further s tud ies  of the n o r d l  bacteriological flora and its relationship 

to heal ing o f  burns a r e  in progress. 
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,Problem Code: U.4 (Fate ) 

Sect ion Code: 3210 

Author: C, W. LaBelle 

The Di s t r ibu t ion  of Radioac t iv i ty  i n  P i l e  F i l t e r  Dust as a F’unction of P a r t i c l e  

Diameter 

The so-called pipette-sedimentation technique f o r  t h e  measurement o f  p a r t i c l e -  

s ized  d i s t r i b u t i o n s  has been a v a i l a b l e  f o r  some years  (1-3) and ha6 been used 

s u c c e s s f i l l y  (4 ,  5) t o  fol low separa t ion  processes f o r  the prepara t ion  of f r a c t i o n s  

of graded p a r t i c l e  s ize .  The method may be appl ied f o r  the determinat ion o f  t h e  

d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  a8 a e l l  as with  r e s p e c t  t o  p a r t i c l e  s i ze ,  and 

hence of  t he  epec i f i c  ac t iv i t ;y  o f  any given s i z e  component, The p r inc ip l e  on 

which the method r e s t s  i s  the  following. 

Consider a cy l inder  of depth, P, containing a Pupens ion  of p e r t i c l e s  of 

diameter, d o  Assume that a p i p e t t e  is i n se r t ed  t o  a depth, h, and a sample ~5th- 

drawn. This sample may be presumed t o  come e n t i r e l y  from t h e  element of  volume 

h =  h +  Ah0 

A t  any time, t, there w i l l  be the same number of p a r t i c l e e  i n  the  element 

h - A h  : h as i n  t h e  element h : h +Ah, s ince  t h e  d i s t r i b u t i o n  of t h e  p a r t i c l e s  

i s  random. 

terminal  v e l o c i t y  of  t h e  f a l l i n g  p a r t i c l e s ,  a l l  t h e  p a r t i c l e 6  in h : h +Ah w i l l  

have s e t t l e d  out  of  t he  element of volume, and will h m e  been replaced by the  

equal number o r i g i n a l l y  present  in the  element 

A t  some l a t e r  time t +At, such t h a t  Vd =Ah/&, when Vd i s  the 

. 

There is, therefore ,  h -&I : h. 



no change i n  the  concentrat ion o f  p a r t i c l e s  i n  t h e  element of  volume being sampled 

by the  p ipe t te .  This r e l a t i o n  obta ins  u n t i l  a time t d  i s  reached, such that 

t d  =: h/vd; t h a t  i s ,  u n t i l  those p a r t i c l e s  o r i g i n a l l y  a t  the  upper boundary have 

had time t o  f a l l  t o  t he  depth, he A t  this time t he  concentrat ion o f  p a r t i c l e s  

i n  h : h +Ah f a l l s  t o  zero, where i t  remains f o r  t he  remainder o f  t h e  procesr,  

The preceding assumes t h a t  the pal-t icles a r e  monodisperse wi th  r e spec t  t o  

s i ze ,  If the  p a r t i c l e s  a re  polydisperse,  w i th  a maximum size, hx, present,  this 

maximum p a r t i c l e  w i l l  have a maximum terminal  ve loc i ty ,  vmax, and t he re  w i l l  be a 

corresponding minimum time i n t e r v a l  

concentrat ion of this o r  any smaller s i z e  w i l l  occur. 

b/& during which no change i n  the 

This i s  of t h e  g r e a t e s t  

p r a c t i c a l  importance, s ince it ind ica t e s  t h a t  a sample may be withdrawn from a 

suspension wi th  a p i p e t t e  without introducing e r r o r s  due t o  s e t t l i n g  provided 

only t h a t  the  c r i t i c a l  time, bin, is not  exceeded. 

men a mixture o f  s i z e s  are present  i n  t h e  suspension, t h e r e  will be: 

Cvl grams/cc o f  p a r t i c l e s  o f  diameter dl and v e l o c i t y  vl 

n n 
CT2 

%3 

cvn 

n n 

n n 

m 

n 
d2 v2 

n d3 " v3 

n 

n dn vn 
n 

If Co i s  taken equal t o  1, a t  time, t, the  t o t a l  concentrat ion i n  the  

element h : h +& i s  given by: 

where Cv is t he  t o t a l  concentrat ion o f  p a r t i c l e s  whose v e l o c i t y  1s 

equal t o  o r  g r e a t e r  than diameter of  these 
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p a r t i c l e s  i s ,  by Stoke 's  Law, equal t o  or g r e a t e r  than: 

d r  K G  - ( 3 )  

Combining 2 and 3, we obtain:  

This i s  the  in t eg ra t ed  form of the curve of  d i e t r i b u t i o n . o f  mass with 

respect  t o  p a r t i c l e  s ize  and may be p lo t t ed  by t h e  usual  methods on probab i l i t y  

paper. 

weighing the  residue,  so t h a t  the cumulative d i s t r i b u t i o n  curve f o r  t h e  mixture 

Ct i s  determined experimentally by evaporat ing successive samples and 

nay be constructed.  

the  f r a c t i o n  of  the t o t a l  matis o f  sample which i s  a s soc ia t ed  w i t h  each size  of 

p a r t i c l e  

From t h i s  curve the d i f f e r e n t i a l  curve may be derived, giving 

I 

The nethod may be extended fur ther  by measuring t h e  total a c t i v i t y  p re r sn t  

in successive samples ins tead  of t he  t o t a l  mass. In t h i s  case equat ion 4 becomesr 

where 

p lo t ted  on p robab i l i t y  paper, t ak ing  t h e  p r o b a b i l i t y  s c a l e  as ind ica t ing  t h e  

i s  the r e l a t i v e  a c t i v i t y  per cc  a t  time, t. This f'unction may also be 

percentage of t o t a l  a c t i v i t y  r a t h e r  than percentage of t o t a l  mass, as before. 

The d i f f e r e n t i a l  curve may again be constructed.  This curve, and t h e  correspond- 

ing curve f o r  mass give the  amount of  a c t i v i t y  assoc ia ted  w i t h  a given size  of 

p a r t i c l e ,  and the  mount  of mass assoc ia ted  wi th  t h e  same s ize ,  from which t h e  

s p e c i f i c  a c t i v i t y  of t h a t  s ize  p a r t i c l e  may be calculated*,  

* For some purposes, it i s  n o t  necessary t o  introduce Stoke 's  l a w  i n t o  the  
calculat ion.  Equation 2 may be employed throughout, so t h a t  size and a c t i v i t y  
a r e  r e l a t e d  t o  p a r t i c l e s  of s t a t e d  terminal  v e l o c i t y  wi thout  t h e  n e c e s s i t y  for _ _ 



dxperinental .  A g las s  cy l inder  mas f i t t e d  w i t h  a rubber stopper containing 

s. g l a s s  tube t o  guide a p i p e t t e  t o  a reFro.iucible p o i n t  in t he  container .  The 

cor.tainer was f i l l e d  wi th  a suspension o f  rad ioac t ive  d u s t  i n  water,  and sample8 

:'rere withdrawn a t  i n t e r v a l s ,  In one s e r i e s  a concentrated suspension (1%) WELEI 

ernployed and t o t a l  s o l i d s  were determined i n  t h e  samples, and i n  a second s e r i e s  

a more d i l u t e  suspension ( O , l $ )  was einployed and t o t a l  be t a -ac t iv i ty  was measured. 

3 i s t r i b u t i o n  curves were constructed f o r  each s e r i e s ,  and t h e  r e s u l t s  combined 

as descriSed, 

3esu l t s ,  r'igure 1 (Page 61)  shows t h e  d i s t r i b u t i o n  o f  nass, and Xgure  2 

(Page 6 2 )  t he  d i s t r i b u t i o n  of  r a d i o a c t i v i t y  in t h e  sample, while Figure 3 (Page 

63)  shows both curves p l o t t e d  i n  the  d i f f e r e n t i a l  form. 

t abu la t e s  the  t o t a l  mass, t o t a l  a c t i v i t y ,  and s p e c i f i c  a c t i v i t y  assoc ia ted  wi th  

each ve loc i ty  ( s i z e )  of p a r t i c l e ,  

as a funct ion o f  t h e  te rmina l  s e t t l i n g  v e l o c i t i e s  of t h e  p a r t i c l e .  

seen t h a t  the r a d i o a c t i v i t y  o f  the  sample i s  l a r g e l y  a s soc ia t ed  w i t h  those 

7 c r t i c l e s  whose s e t t l i n g  v e l o c i t y  i s  0,2 cm/min. 

Table 1 (Page 64) 

Figure 4 (Page 65) shows t h e  s p e c i f i c  a c t i v i t y  

I t  w i l l  be 

Discussion, The r e s u l t s  descr ibed i n  a preceding Quar te r ly  Report ind ica ted  

t h a t  the  d u s t  sample from t h e  p i l e  f i l t e r s  i s  very complex b io log ica l ly ,  s o  t h a t  

t h e  i n t e r p r e t a t i o n  of an anina l  experiment i s  d i f f i c u l t .  This complexity i s  

probably r e l a t ed  i n  p a r t  t o  t h e  fac t  t h a t  t he  sample i s ,  as shown here, non- 

homogeneous physical ly ,  I t  aeems advisable,. therefore ,  t o  attempt t o  i s o l a t e  

t h i s  f r a c t i o n  of h igh  s p e c i f i c  a c t i v i t y  and t o  use t h i s  f r a c t i o n  r a t h e r  than 

whole dus t  i n  any f u r t h e r  b io log ica l  experiments, 

Summary, 1. A method i s  presented by which t h e  d i s t r i b u t i o n  o f  mass and 

ac t iv i ty  wi th  respec t  t o  p a r t i c l e  s i z e  may be determined, 

2. Application of  t h i s  method t o  the dus t  taken  from p i l e  f i l t e r s  ind ica t e s  

the  presence of a f r a c t i o  i f i o  ac t iv i ty  which s e t t l e s  in 
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F 5 p - e  2, Distribution of Acitivity in F i l t e r  Dust 
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-:.-ater :;ith a velocity of 0,2 cdmin. 

3 ,  It is suggested t h a t  this fraction be isolated for further -biologica,l 

investigation, 

TABLE: 1 

Terminal Specific 
Activity Velocity 

cm/min 

0.016 
0,015 
0.020 
0,030 
0.040 

O,O6O 
0,050 

0.080 

0.120 
0.140 
0,160 
0.180 
00200 
0,250 
0.300 
0,400 
0,500 

0.100 

119 
120 
121 
135 
140 
152 
151 
131 
104 
87 
73 
62 
57 
50 
43 
41 
40 
28 

23 
30 
38 
54 
65 
107 
148 
192 
242 
3 05 
363 
391 
3 94 
384 
3 00 
176 
40 
0 

0.19 
0,25 
0,31 
0.40 
0 046 
0070 
0098 
1.46 
2.32 
3,50 
4099 
6.30 
6.90 
7,68 
6.98 
4,29 
1000 
0.0 
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Figure 4. S p e c i f i c  Activity of  Particles of  Various S i z e s  
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Author: R. E. Gosselin 

Studies  on the Phagocytosis o f  Inorganic P a r t i c l e s  by Rabbit  Cel ls  i n  Vitro. 

Preliminary Notes 

Introduct ion,  Experiments now i n  progress  have been designed t o  study 

the behavior o f  r a b b i t  phagocytes when exposed i n  v i t r o  t o  var ious  insoluble  dus t s  

of i n d u s t r i a l  importance. Our p r inc ipa l  i n t e r e s t  i s  n o t  t h e  mechanism o f  phagocytosis 

but  r a t h e r  any changes i n  c e l l u l a r  physiology which may r e s u l t  from i n d i g e s t i b l e  

n n t e r i a l  which has been phagocytized. I t  i s  felt that s i g n i f i c a n t  changes may 

appear in the  m o t i l i t y  o f  the  c e l l ,  t he  s t i c k i n e s s  o f  i t s  surface,  i t s  permeabi l i ty  

t o  d i f f u s i b l e  substances,  i t s  r e s p i r a t i o n ,  and i t s  su rv iva l  i n  v i t r o .  

of t h i s  character  i s  n o t  ava i l ab le  i n  the  l i t e r a t u r e ,  although such da ta  should 

Infor imtion 

prove valuable  i n  c l a r i f y i n g  the  pathogenesis of some of the  pneumoconioses 

( e s p e c i a l l y  s i l i c o s i s  and b e r y l l i o s i s )  and i n  i n t e r p r e t i n g  experimental r e s u l t s  

on the  d i s t r i b u t i o n  of  inorganic  co l lo ids  i n j e c t e d  i n  animals. 

The following i s  a b r i e f  desc r ip t ion  of the  experimental procedures which 

have been m o s t  s a t i s f a c t o r y  and of  a few conclueions which must be regarded as 

t e n t a t i v e  . 
Materials. With a l a rge  needle, pe r i tonea l  f l u i d  is asp i r a t ed  from a d u l t  

male r a b b i t s  15  t o  35 hours a f t e r  an i n t r a p e r i t o n e a l  i n j e c t i o n  of 300 m l  of 

s t e r i l e  3% soluble  s t a r c h  so lu t ion  i n  i s o t o n i c  sa l ine .  The exudate contains  l a r g e  

numbers o f  polymorphonuclear neut rophi l s  (pseudo-eosinophilia) as w e l l  as a few 
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c e l l s  which a re  probably e a r l y  (young) myeloid fonns, A s a t i s f a c t o r y  exudate 

contains  i n s i g n i f i c a n t  numbers of a d u l t  mononuclear c e l l s  and of r ed  blood ce l l s .  

The c e l l s  are removed from per i tonea l  f l u i d  by slow cen t r i fuga t ion  and resuspended 

i n  so lu t ions  of  pure e l e c t r o l y t e s .  

judged by t h e i r  fa i lure  t o  s t a i n  wi th  d i l u t e  eos in  (Schrek, Am. J. Cancer, - 28, 

386,  1936). These ce l l s  r e s p i r e  a t  r a t e s  comparable t o  those  repor ted  by Ponder 

and ZacLeod (An. J, Physiol, ,  123, 420, 1938), On a warm microscope stage,  they  

a re  moti le  and r e a d i l y  phagocytize p a r t i c l e s  of quar tz ,  bery l l ium oxide and 

-x 
..+ ,. - 

Over 95/45 o f  t h e m  exudate c e l l s  are alive, a# -'* 

. .  

., * . .  

L. I -  

- 

u r m i w  dioxide. 

A second type  of pe r i tonea l  exudate has been obtained *om r a b b i t s  4 days 

a f t e r  t he  second o f  two i n t r a p e r i t o n e a l  i n j e c t i o n s  of  100 ml of 2% buffered gum 

acac ia  solution. These c e l l s  a r e  exclus ive ly  mononuclear, a few small (lymphoid) 

bu t  rnostly la rge  (monocytoid), These l a rge  pe r i tonea l  macrophages have n o t  been 

s tudied  ex tens ive ly  here o r  elsewhere. 

a lveo la r  phagocytes, physiological  s t u d i e s  o f  t hese  c e l l s  are  contemplated, 

Since they are thought t o  be r e l a t e d  t0 

Auto-agglutination. The tendency o f  exudate c e l l s  in suspension t o  cl-p 

t o p t h e r  ha6 o f t en  been noted, 

s t x d j r  requi r ing  a uniform c e l l  suspension. m y  exper imenta l i s t s  have attempted 

w i t h  l i t t l e  success t o  devise  procedures which minimize t h i s  auto-agglutination. 

The 

study, and a few p e r t i n e n t  observat ions (with the  polymorphonuclear exudate c e l l s )  

This phenomenon c o n s t i t u t e s  a major obs tac le  t o  any 

_-  

phonomenon is of s u f f i c i e n t  p r a c t i c a l  and t h e o r e t i c a l  importance t o  deseme 
* _  

have Seen made in th i s  labora tory ,  

. _. 
This i n i t i a l  production of a completely unclumped suspension has n o t  been 

> ,< s a t i s f a c t o r i l y  accomplished. 

cen t r i fuga t ion )  i s  resuapended by gen t l e  shaking in ioed 0.9% NaCl (wi th  or Without 

20$ by volume o f  i s o t o n i c  phosphate bu f fe r  a t  pH 6.0), most of the c e l l s  are 

If t h e  o r i g i n a l  c e l l  sediment (obtained by slm 

- _  % 

_ - .  . 
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a - *-s . 

? .. 
i i s ? e r s e d  but  a few microscopic clumps remain. .Heparin (1 mg/100 d) and g e l a t i n  

i -. 
(Oel$) may be n e l p h l  in depressing t h e  s t i c k i n e s s  of t hese  c e l l s ,  bu t  sodium ak- -~~ ,- 

* c  

I .,--* hexametaphosphate ( 5  x log3 Id) appears t o  be superior .  I t  seems possible  that - w ~ , ' ~ ~ * - -  

I .a'- -. d. .i ,.; - * -. the  l a t t e r  i s  e f f e c t i v e  by v i r t u e  of  i t s  a b i l i t y  t o  complex Ca++ which may be- 
&*? ' 

.?&X 'y-. present  a t  t h e  c e l l  surface or i n  t he  supernatant  in t r a c e  amounts. I ts  , ". 
- . L  . .  
, L j G . .  

pro tec t ive  a c t i o n  a g a i n s t  clumping ha8 n o t  y e t  been compared wi th  sodium oxalate -.;?:,' .*'. ;.-: > _. ' 

- .' . , ;Ti . :  

o r  c i t r a t e ,  but  it has proved t o  be non-toxic t o  t h e  c e l l s  a t  this concentration, --%$ 
'3; -. 

. .. 41; 
t a d  i t  i s  h e i t h e r  metabolized nor hydrolyzed by them (dur ing  a 3-hour incubat ion,  .-. - 

a t  37' C), 

. _- 
. .. . .  . . . . .  

..>. ... *. 

1 .- '. _ -  . 
Of these  anti-clumping measures, however, a low temperature ( iced  

solutions) appears t o  be the  one most e f f icac ious .  
* .  

Samples of t h e  o r i g i n a l  c e l l  suspension (unclumped) are added t o  var ious  .- . 

.*.. . . .  tos t - so lu t ions ,  and these  mixtures are incubated a t  37' C in smell g l a s s  v i a l r  

which a r e  s lowly  (8  rpm) r o t a t e d  end over end t o  prevent  sedimentation. 

Per iodica l ly ,  a t tempts  a r e  made t o  es t imate  t h e  e x t e n t  of t h e  clumping process b- 

. 
._ :,I..;<:y> L 

r .. - .  :. ...:&*' 
,- . -  . . .. ,.; - e .  

-:. .. 
.. .,? 

. L  

one of the  following means: 

nncroscopic clumping; 2 e mioroscopic counts of the concent ra t ion  of unclumped 

c e l l s ;  3, t u r b i d i t y  readings  on t h e  supernatant  a f t e r  a s h o r t  prel iminary results 

1. v i s u a l  es t imat ions  o f  t h e  r e l a t i v e  emount of 

-1' 

- 

have been d isappoin t ing  because the  clumping process has proven t o  be so capricious.. . - 
- 1  

- 1  -. - . _  
Plasma and serum (with added PO4 buf fe r )  c o n s i s t e n t l y  acce le ra t e  t he  auto- ---. -5 

* -  agglu t ina t ion  of these  c e l l i e  The same i s  t r u e  o f  a mixture o f  KC1,  CaCIZI and , :=.> - .-< - C... .-. 
I .  %SO4 when added i n  t h e  usua l  phys io logica l  proport ions t o  c e l l s  suspended i n  . 1 -  . 

_. -.t- . . 
.f< - buffered NaCl (0.9%), I t  is suspected t h a t  t h e  Cat+ is t h e  m o s t  a c t i v e  agent 
. 3' 

*. r 
.*a: '! 

i n  t hese  mixtures. In.O.95 NaCl d i l u t e d  4 t o  1 wi th  i s o t o n i c  phosphate buffer6 . ., 

. _  ; -,3. ... 
"'I-  .* .. 

e*-. 

wi th  pH's ranging from 5,5  t o  8,5,  t he  c e l l s  clump m o s t  completely (though not 
~ . -. 

. _  
alrmys f a s t e s t )  the  higher  t h e  pH. 

they cannot be d i s rup ted  by any means compatible with c e l l  surv iva l .  

A t  h igh pH*s , clumps are l a r g e  and very bnaCiOUS 

A t  low pH'8, , .  
7. _ -  

* .  
' -. UNCLASSIFIED - _  
. -  _ -  
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clumps are small and s o  f r i a b l e  t h a t  they a r e  dis rupted  by procedures designed to 

neasure them, 

by mechanical st irring or by o ther  meanswhich have been t e s t ed .  

t o  study t h e  k i n e t i c s  of the clumping process by turb id i tymeasurements  haw 

yielded da ta  suggesting t h a t  t h ree  ruccesr ive phases occur; an in i t ia l  alm phase, 

a rap id  phase and a f inal  d o w  phare, t h e  lat ter in s p i t e  of t he  f a c t  that 

Ce l l s  in clumps formed a t  pH 7.4 cannot be s a t i s f a c t o r i l y  dispersed 

A few at tempts  

appreciable  concentrat ions of  unclumped c e l l s  a r e  genera l ly  s t i l l  presento  

I t  i s  apparent  t h a t  these  prel iminary observat ions a r e  n o t  sub jec t  t o  
# 

r ead i ly  ava i l ab le  explanat ion o r  i n t e rp re t a t ion .  M y  of  t he re  obsemationa are 

reminiscent of those of Loeb (Alexander’s Colloid ChQn., - 2, 487, 1928) on the 

agglu t ina t ion  of  Limulus amebocytes, Some similarities t o  t h e  problem of p l a t e l e t  

agglu t ina t ion  a r e  evident.  

c e l l s  i s  n o t  d i c t a t e d  by the r e l a t i v e l y  simple physicochemical in f luences  which 

The d a t a  demonstrate t h a t  t he  clumping of these  exudate 

determine the  agglu t ina t ion  of b a c t e r i a l  suspensions o r  t h e  s t a b i l i t y  of  dus t  

p a r t i c l e s  i n  aqueous so lu t ions ,  

Survival  of Exudate Cel ls  i n  Vitro. Polymorphonuclear c e l l s  obtained kom 

the  r a b b i t  per i tonea l  cav i ty  can be kept  a l i v e  in v i t r o  f o r  a considerable  t h e .  

Then suspended i n  equal p a r t s  of 0.15 M Mac1 (0.9%) and 0.1 M sodium ac id  phosphates 

(pH 7,4) and kept in a r e f r i g e r a t o r  (about 5’ C) ,  50% of tbe cells a r e  a l i v e  

a f t e r  1 week, 

4 days, and a similar m o r t a l i t y  a t  this pH is seen i n  unbuffered Ringer solut ion.  

I n  unbuffered saline (pH 5-6), 5% of t h e  c e l l s  are  dead in 3 to 

Eac te r i a l  contamination complicates such experiments, bu t  recent  t r i a l s  i n d i c a t e  

t h a t  t h i s  problem can be minimized by the  add i t ion  of a n t i b i o t i c s ,  a measure 

rrhich here appears t o  be a s a t i s f a c t o r y  s u b s t i t u t e  f o r  the tedious techniques 

cecessary i n  maintaining complete .steri l i tyo 

In these  s tud ie s ,  values of  mor t a l i t y  r ep resen t  t h a t  percentage of c e l l s  

UR 02276 
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i3 my sample which s t a i n s  with eos in  Y ( 1 : l O O O  i n  buffered i so ton ic  s a l i n e )  i n  

a wet mount, 

almost instantaneous and any one c e l l  i s  e i the ' r  i n t ense ly  s t a ined  o r  not  a t  a l l .  

This procedure has proven vary s a t i s f a c t o r y  i n  t h a t  s t a in ing  i s  

Fram the  l i t e r a t u r e ,  however, it appears t h a t  t h i s  c r i t e r i o n  has n o t  been 

adequately compared with o ther  ind ices  of c e l l  death,  

. 

The major inadequacy of the  

procedure, however, i s  t h a t  clumped c e l l s  cannot be adequately counted. In p rac t i ce  

the mor ta l i t y  percentages r e f e r  to thore  c e l l s  which i n  any suspension remain 

unclumped o r  can be unclumped by gent le  s t i r r i n g .  mhether these c e l l s  are 

repreaentsrtive of t h e  t o t a l  population has n o t  been determineda In hopes of 

c l a r i f y i n g  t h i r  question, a fluorophotometric ana lys i s  f o r  eoisin h a 6  been devised, 

bu t  a quan t i t a t ive  rtudy on eoein-uptake by c e l l s  has n o t  proven 8UCCBSlful. 

Polymorphonuclear exudate c e l l s  suspended i n  Oa9$ NaC1 ( d i l u t e d  3 t o  1 

wi th  i so ton ic  phoaphate buffer  a t  pH 7.4) may be incubated a t  37O C f o r  90 

minutes without a de tec tab le  r i s e  i n  mortal i ty .  

drugs a t  t h e  spec i f ied  concentrations have no de tec tab le  l e t h a l  a c t i o n  under these  

circumstances; colchicine,  0.32 mg/ml, mapharsen, 3 m d m l ,  sodium s a l i c y l a t e ,  

10  mg/ml, sodium BulfathibZole, 5 d m l ,  dihydrostreptomysin s u l f a t e ,  25 mg/ml,  

and p e n i c i l l i n  G, 0.6 dml. 

pH 7.4) k i l l  50% o f  the  c e l l s  i n  a 90-minute incubat ionj  pontocaine, 0,2 rndml, 

procaine, 20 m d m l  and quinine dihydrochloride,  0.2 mg/ml, 

In t h i s  medium, the following 

In con t r a s t  t he  following S O l U t i O n S  (buffered t o  

Ekperimentrs now in progress suggest t h a t  t he  phagocytosis of crushed 

quartz ( 4  t o  6 microns in diameter) may s l i g h t l y  reduce a c e l l ' s  l i f e  expectancy 

i n  vitro,, 

If it proves t o  be a val id  observation, i t s  s igni f icance  can be appraised only 

a f t e r  s imi l a r  experiments a r e  completed wi th  other  substances (e.g., carbon, BeO, 

The e f f e c t  i s  no t  l a rge  and may prove t o  be wi th in  experimental e r r o r a  

UR 01277 
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rroblcm Code: 3e.3 (Toxic Limits)  

Lcction Code: 3230 

h t h o r :  2. A .  :.!aynard 

,hdioEraphs taken of r a t s  5 months t o  15 months following a s i n g l e  i n j s c t i o n  

of e i t h e r  2000 o r  3000 mil l igrams of Be Oxide ( f luo rescen t  grade)  p e r  k i logran  

o f  body weight d i s c l o s e s  a pecu l i a r  condi t ion in  t h e  long  bone. 

has t h e  appearance o f  hyperca lc i f ica t ion .  

pathological  examination t o  be the r e s u l t  of a f a i l u r e  t o  r e s o r b  calcium 8s bone 

growth proceeds. 

rad iographica l ly  under t h e  condi t ion descr ibed above show bone lesions. 

This ebnorna l i ty  

Actual ly  it may prove upon h i s to -  

Ten of e leven animals i n j e c t e d  i n t r a p e r i t o n e a l l y  and e x d n e d  

A bone l e s i o n  o f  s i m i l a r  na tu re  has been discovered rad iographica l ly  i n  

ra t s  which have been fed  high d i e t a r y  percentages o f  beryl l ium sulfate over e 

period o f  more than  one month. 

'roblem Code: 

Sect ion Code: 3210 

Author: C. J. Spiegl  

3e.5 (L!echanism of  Toxic E f f e c t )  

ihanqes i n  Blood Lipid Ratios as an Index of  Beryllium Poisoninq. 

In seve ra l  experiments i n  which bery l l ium poisoning was induced in dogs, 

k i t h e r  by inha la t ion  o r  by i n j e c t i o n ,  changes were noted i n  t h e  l i p i d s  o f  t h e  

--ad blood c e l l .  In p a r t i c u l a r ,  the  r a t i o  of  phospholipid t o  f ree  cho le s t e ro l  

f I 3  I 4 b 5  
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incrznsed, although only t o  the ex ten t  o f  approximately two standard deviat ion8 :- 

frm the  nornal. Consequently, it was of  i n t e r e s t  t o  i nves t iga t e  this c r i t e r i o n  .. . . 
-,... : 

or' t o x i c i t y  somewhat fu r the r .  The cur ren t  experiment was designed t o  fo l low- tbs -  ._ .- - . I  . . *.':4 - 
.-  ->,  

r e d  c e l l  l i p i d  concentrat ions for a t  l e a s t  120 days, t he  approximate l ife-rpan=. . ..e?:'. .>?. - . . . 

' o f  t he  dog erythrocyte ,  and a l s o  t o  determine t h e  e f f e c t  o f  previous b e r y l l i k -  . ... . - . .  . . . . .  .*;:.....' 

, . I  . .  . 
' .*'+ -' - L. . ' . , .A  : 

..-:- 

. .  
. . . . . .  -. : 

* .  
_I .. adminis t ra t ion  . . ._- - i. 

.. i . 
One dog, i n j e c t e d  one y e a r  previously w i t h  0.08 mg Be/kg as BeSO4,4&io . ?:: 

.,= : . -. 
- 8 ,  . 

was i n j e c t e d  intravenously wi th  0.25 mg Be/& as BeS04e4%0. Another dog, normal 

ir a l l  respects  and previously unt rea ted ,  was i n j e c t e d  with 0.10 mg Be/&. Blood 

s m p l e s  were taken a t  i n t e r v a l s  i nd ica t ed  in Table 1 below and t h e  r ed  c e l l i - r e r e  . .  
. . . .  '. 

analyzed for phospholipid and f r e e  cho le s t e ro l  according t o  methods p r s v i o a r l y .  . .  ,.',-. .. . .  ..':-. 

out l ined 

. . i l l , .  

. . .  
-. . . .  

. . . .  .. .3r...:: ... .. .  . . . .  > -  . . .  . .-! ,_ t-: !! ?$. , .--" 

TABLE 1 
.;.> 

-c - . -. UTI0 OF PHOS?HOLIPID TO FREE CHOLESTEROL I N  RED 
BLOOD CELLS OF DOGS INJECTED WIlX %SO4,4%0 

I .  - . .  . . r . .  - .. - 

. .  
Time ARer  
I n j e c t i o n  

weeks 

Control 
1 
5 

10 
11 
12 
16  
22 

Dog Previourly 
Given Be 

2.44 
2.62 
2 e47 
3.03 
2.90 
2.50 
2.52 
2.42 

Dog R e v i o u r l y  
Normal - 

2.53 
2.56 
2.52 
2.74 
2.84 

2.66 
2.39 

2 e49 

The r e s u l t s  obtained are shown in Table 1. In n e i t h e r  dog War any signified 
e a r l y  r i s e  in  t h e  r a t i o  of  phospholipid t o  f r e e  cholesterol observed. . 
t h e  10th  and 11 th  weeks d t e r  i n j e c t i o n ,  however, both dogs showed l i p i d  ratios _. . _I -_--. '.-. 

During.  

. .... ... > -  considerably above t h e  n o d  range. After t h e  1 2 t h  week, a l l  va lues  wre .. -,-, . . . . . . .  :. : . . . .  . 
... . .-& . : . .: :.:, , , 

e-:. . .  . . 
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- n  1.. ..- , 1 .. _ _ ^ ^ _  - . - - .  
-9 :'_xdi>; -::;at 5 . 2  ;,:;Js?holi:);?. t o  2ree cho le s t e ro l  r a t i o  i n  red c e l l s  

. -  _-  - - :5zi$zly nScor,?lal durinz t h s  10 th  and 11 th  weeks a f t e r  a c h i n i c t r a t i o n  of 

- ,.-._ 1 -,LJ . ;;u,;;ests, 1. that t h i s  c r i t e r i o n  m y  be o f  va lue  during a c e r t a i n  phase 

-..11'. - 2oisoning and a l s o  2. t h a t  t h e  e f f e c t  o f  b e r y l l i u n  i s  n o t  d i r e c t l y  

.:?n 2 - 5  red cell b u t  r a t h e r  upon the  hemopoietic system. 

- 
?he t ime o f  appearance 

- I T - -  . ..* l i p i d  changes coincides  x i t h  t h e  period a t  which n o s t  pronounced menia 

1 - 1  .y. t i  ,? i n  dDgs I"o11o:sing inha la t ion  o f  beryl l ium s u l f a t e  nist .  

-:le r5sulCs ind ica t e  also t h a t  a nrevious adminis t ra t ion  o f  beryll iu. .  

..'-:ctc t h e  r i s e  i n  phospholipid t o  free cho le s t e ro l  r a t i o  i n  the  red blood c e l l  

' 1 -3  do3  only s l i g h t l y ,  if a t  a l l ,  and t h a t  the d i f fe rence  betvreen i n j e c t i o n  

; ! ,25 ng Be/kg and 0.10 mg Be/kg as BeS04.4H20 i s  small. 

- -. I ,1..: Code: 38.6 (::et:?ods of  Detect ion o f  Poisoning, Frophylaxis , 7reatxlent 
and Pro tec t ion)  

._,- . .-.. :. r _ _  ,. . . 2. 5. Stokinger  

- ,:" lli~i? C m t s n t  o f  Tissues 3 l l o w i n g  3ecovery f r o g  .\cute Fxperinental  Beryllium 

. - . . - - I _  
J*  

. - - L  I.. ..-- - 
. (ich d iscuss ion  has centered on the  presence or  absence o f  beryl l ium in  

One aspec t  of  t h i s  has now been _. " . . . _. 
:-&.<=- i n  r ? l a t i o n  t o  the  d isease  processes. 

. .  -. .'....-. .. ... ;:..tsd, n m e l y ,  t he  search  f o r  beryl l ium i n  body t i s s u e s  f o l l o v i n g  recovery 

-. -. . . . - .  ..L.:? . 

.-L I . .. :::e S - f o l d  purpose o f  dctcrming: whether recovery occurs from t h e  t o x i c  

exiieri9ental  poisoning. Four dogs were exposed t o  beryl l ium s u l f a t e  

.. - . I .  

,. -.. 
, .  .1- 1 - :z~,1;ced by the  inha la t ion  o f  beryl l ium sa l t s ,  and i f  so; t he  time required;  
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and anetlier recovery is compatible N i t h  the  pre.sence o f  beryl l ium i n  t h e  t i s sues .  

If t h e  l a t t e r  i s  es tab l i shed ,  it would i n d i c a t e  t h a t  a t i s s u e  to l e rance  t o  

Seryl l iui i  occurs, i n  animals a t  l eas t ,  and t h e  f ind ing  might se rve  as a basis f o r  

the explanat ion why some i nd iv idua l s  appear r e s i s t a n t  while o the r s  are suscept ib le  

t o  beryll ium, t h e  l a c k  of t h e  a b i l i t y  t o  develop a tolerrrnce thus  lead ing  t o  

x a n i f e s t a t i o n s  o f  beryl l ium poisoning. Anemia was used as a c r i t e r i o n  of ' r e c o w r y  

bscause it has been shown t o  be a s e n s i t i v e  i n d i c a t o r  o f  acu te  beryl l ium poisoning 

i n  dogs (i). 

The p l a n  o f  t h e  experiment was simple. Four growing dogs, rreight range 

r"rom 5.6-9.7 'xg mere exposed t o  beryl l ium s u l f a t e  m i s t  a t  a concent ra t ion  of 

Z.6 ng/m3 o f  air, 6 hours d a i l y  un t i l  a t o x i c  anemia, resembling a macrocytic 

type, developed. 

red blood c e l l s  pe r  mm3 and a t  l e a s t  a decrease of 3 g$ i n  hemoglobin concentrat ion 

hernia was  considered e s t ab l i shed  when a decrease o f  2 m i l l i o n  

occurred. Upon at ta inment  of t h e  anemia, t h e  animals were removed from the 

ex?osure t o  beryl l ium and placed on t h e i r  r egu la r  d i e t  o f  dog chow supplemented 

:,rith fib Redy bone meal f o r  observa t ion  of recowry .  During this period, as well 

as during and p r i o r  t o  exposure f o r  3 weeks, r ed  blood Counts, hemoglobin 

concentrat ion and hematocri t  were determined mek ly .  Upon recovery, animals 

xere  s a c r i f i c e d  and t h e  t i s s u e s  analyzed for beryl l ium content  spec t rographica l ly  

by methods developed by Steadman (2 ) .  

the head and one inch o f  t h e  shaf t .  

The samples of femur f o r  analysis comprised 

Xesults. Table 1 (Page 75) presents  t h e  d a t a  on t h e  change in r e d  blood 

count and hemoglobin concentrat ion i n  t h e  dogs as t h e  resu l t  of exposure. Simul- 

tmeous ly ,  wi th  t h e  production of anemia t h e r e  was a marked l o s s  i n  m i g h t  of 

2 o f  t h e  dogs (one of which d i ed )  and no appreciable  change i n  t h e  o ther  two. 

?he dying dog l o s t  2.2 kg in 34 days and dog 1418 l o s t  3 kg i n  65 days of 

UR 01281 
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exposure. 

complete weight recovery 

2 Cioss, 1425 and 1432, 

3ecovery from anemia was assoc ia t ed  i n  every ins tance  e i t h e r  x i t h  

(dog 1418) or a-weight  gain of 1.2 kg i n  each o f  the 

It i s  seen i n  Table 1 (Page 75) t h a t  anemia developed a f t e r  about 2 months 

of d a i l y  exposure (55-70 days) and t h a t  104-115 days WES required t o  r e s t o r e  a 

normal blood p i c tu re  (6 .6-7 mil l ion  red blood c e l l s  per mm3, 14-16.3 &% 

:isno&lobin). 

appreciable q u a n t i t i e s  in a l l  4 t i s s u e s  analyzed, l u n g ,  femur, l i v e r  and kidney 

Ye’de 1 (Page 75).. 

A t  s a c r i f i c e  of t he  dogs upon recovery, beryl l ium was found i n  

Thus has been demonstrated: 1. t h a t  recovery occurs from the t o x i c  anemia 

_nroduced by i n h a l a t i o n  o f  beryl l ium salts;  2. t h a t  t h i s  recovery requi res ,  on a 

noraa l  d i e t ,  a period o f  from 3-4 months, and f u r t h e r  3. t h e  recovery occurs 

desp i t e  r e l a t i v e l y  l a r g e  q u a n t i t i e s  of beryl l ium in the  bone of t h e  order  of 

1 pg,/g. A t  t he  time of recovery from anemia, the animals appeared normal both 

i n  r e spec t  t o  weight ga in  and appearance. 

m e t h e r  recovery from the  anemia occurred because growth o f  the bone 

rcmoved beryllium from more a c t i v e  blood-forming elements, t h e  probable s i t e  of 

ori ; ; inal  deposit ion,  o r  whether beryl l ium la ter  en tered  i n t o  a phys io logica l ly  

inac t ive  type o f  c r y s t a l  l a t t i c e  remain poin ts  t o  be ascer ta ined ,  

Bib1 i o  g r  aphy 
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J f f i c i e n c y  of Sampling Ibthods f o r  the Collect ion of Toxic Atmospheric Impurities.' 

.e-< \ 

Stiddies have continued on t h e  inves t iga t ion  of methods f o r  t he  determinatiodb . -  
, '  

of the absolute  e f f i c i ency  of a i r  sampling deviceso  For the  present ,  emphasis 

hrs been placed on t h e  f 'ilter paper dus t  sampler and on t he  a n a l y s i s  of the f a c t o r s  

determining i t s  e f f i c i ency ,  
.. -& 

The da ta  t o  da t e  have ind ica ted  an extremely complex 

problem with such var iab les  a s  sampling ve loc i ty ,  p a r t i c l e  s i z e ,  r e l a t i v e  hmidity-;.' . 

and the  physical na tu re  o f  t he  p a r t i c u l a r  aerosol being in t imate ly  r e l a t e d  t o  - . S  .;< :. 

t he  sampling ef f ic iency ,  Although aerosol  concentrat ion l e v e l s  were previously ' . - .  
reported n o t  t o  have large. e f f e c t s  on sampling e f f i c i e n c y  (about  1-2$), more :. 

complete r e s u l t s  have indicated t h a t  t h i s  v a r i a b l e  i s  o f  some s igni f icance  in the 

?roper ana lys i s  of t he  e f f e c t  of sampling ve loc i ty ,  

var iab les ,  the  cu r ren t  s tud ies  have been l imi t ed  t o  the  e f f e c t s  of concentration L , r  : .  

-io c.. . . 

-'. -::a '.+S:. ? . f ' - c  =. . t 

. .  ,. . . .  . . 

. . .  
f. -; , 

Izl order  t o  i s o l a t e  t h e  - . ., . .  . .  .. . 

--_ - 
I. en? s m p l i n g  v e l o c i t y  on the  e f f i c i ency  o f  matman $%1 f i l t e r  paper. The s tudies  <; .. L , I 

repor ted  below requi red  l a rge  numbers of samples t o  show s t a t i s t i c a l l y  s i g n i f i c a n t '  .. .. , 
, ..; , .. 

. I  .- 
values,  

a ? re l in ina ry  na ture  and a re  presented t o  i n d i c a t e  the  d i r e c t i o n  and progress 

Since a l l  analyses have n o t  been completed, t h e  r e s u l t s  repor ted  are of ... .' 
* .  . .' - -...- c . - .  

of  the  work. 
- - . - *c  '.... . .. .. 

Fixed condi t ions were maintained wi th  sodium chlor ide aerosols  dispersed , . ;.* 

- *  
and cont ro l led  as descr ibed i n  t h e  previous Quar t e r ly  Report (UR-87). Con- 

.' .. .\ 
cent ra t ions  were analyzed by means of t he  flame photometer, Humid i tg  was  controlled 

. .  + .  
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t o  e rar,;e 02 75-88$ t o  simulate a wet aerosol .  

previously r e s u l t e d  i n  lower absolute  e f f i c i e n c i e s  than obtained wi th  dry  aerosols  

and permitted a wide explora t ion  of concentrat ion and sampling v e l o c i t y  va r i ab le s ,  

The average pa r t i c l e - s i ze  mass median was 1.03~ with a corresponding geometric 

standard. devia t ion  of 1.60, To minimize t h e  poss ib l e  v a r i a t i o n  i n  f i l t e r  paper 

porosi ty ,  d i sc s  used i n  each experiment were c u t  from a s ing le  shee t  of paper. 

This condi t ion as ind ica ted  

In order  t o  explore t h e  f u l l  range o f  sampling v e l o c i t i e s  from 5 t o  above 

30 l i t e r s  per  minute, it mas necessary t o  re - inves t iga te  t h e  p o s s i b i l i t i e s  of  a 

f i l t e r  piper  t ra in  as a method for determining absolu te  e f f ic iency .  The l i q u i d  

n i t rogen  t r a p  and t h e  flame photometcr were found t o  be unsa t i s f ac to ry  a t  higher 

v e l o c i t i e s .  

f o r  a more p r a c t i c a l  f i e l d  type of instrument,  

permit t ing t h e  arrangement i n  s e r i e s  of sampling papers up t o  as many as 12 units. 

Construction d e t a i l s  w i l l  be descbibed in a l a t e r  repor t .  

In addi t ion ,  the  l a r g e  number of samples required ind ica ted  the need 

A mul t ip l e  sampler was developed 

Tor the f i r s t  s tud ie s  samples were co l l ec t ed  from a sodium chlor ide  aerosol  

The average sampling v e l o c i t y  3 ahosphe re  a t  an average concentrat ion of 60 mg/m 

was 1 2  l i ters /min.  

a i r  exhausting t o  t he  flame photometer t o  determine losses .  

x i t h  increas ing  numbers of papers in a t r a i n  u n t i l  t h e  flame photometer readings 

ind ica ted  a n e g l i g i b l e  concentration. 

Samples were first co l lec ted  on s ing le  f i l t e r  papers wi th  the  

This was repeated 

Table 1 (Page 79) shows t h e  r e s u l t s  obtained wi th  a s e r i e s  up t o  6 f i l t e r  

papers in  a train. 

from 2.84 mg/m3 t o  0.03 mg/m 

represented only 1% o f  the concentrat ion passing the  f i r s t  f i l t e r  paper, it was 

considered negl ig ib le .  The e f f i c i e n c i e s  o f  t h e  papers i n  the  s e r i e s  are given 

as  a percentage of total concentrat ion col lected.  These show a r ap id  increase  

The concentrat ions passing a s ing le  f i l t e r  paper decreased 

3 f o r  the  s e r i e s  of 6 papers. Since t h e  l a t t e r  value 

UNCLASSIFIED 
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TABLE 1 

EFFICIENCIES OF THE ELEllEIJTS OF A SALFLIIJG TRAIN OF 
m R B T W  #I1 FILTER PAPER FOR A SODIUM CHLORIDE AEROSOL ATLOSK?33* 

Cumul a t  ive Eo 
of  F i l t e r  Papers 

i n  Train 

1 

2 

3 

4 

5 

6 

Concentration 
Collected by 

F i l t e r  F'aper Train 

mg 1 1 ~ ~ 1 / . 3  

56.80 

58.82 

59.45 

59.54 

59.57 

59.61 

c once n t r a  t ion( * 
Tassing Train 

mg ~ a ~ l / r n J  

2.84 

0.82 

0.29 

0010 

0.07 

0.03 

Total Collected 
by Z i l t e r  Paper 

Train 

c '  ' 

/= 

95.24 

* 98.63 

99.68 

99.85 

99,88 

99.95 

* Average a i r  concentrat ion of 60 mg/m3 a t  a sampling rate of 12 
1 it e r s/min. 

(A)  Analysis by flame photometer 
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UR 01286 



f r o m  95.24% for one paper t o  99.95% for t he  train of six.  

Figure 1 (Page Sl), Curve A, shows a p l o t  of t h e  same d a t a  reca lcu la ted  by 

neglec t ing  the  six-paper t r a i n  l o s s  t o  the  flame photometer. The concentrat ions 

co l lec ted  on each o f  t he  papers i s  expressed in terms of cumulative percentage 

i r c r e a s c  above the  va lue  o f  t h e  f i r s t  paper, similar t o  t h e  r e s u l t s  of Table 1 

(Page 79). The curve i l l u s t r a t e s  the increase  in e f f i c i e n c y  wi th  increasing 

elements o f  the f i l t e r  paper t r a i n . .  Above four papers, t he  curve  apprcaches a 

1 k L t i n g  value o f  5% asymptotically.  
t 

In comparison w i t h  t h e  value 02 4.8$ 

obtained from the flame photometer ana lys i s  o f  t h e  ma te r i a l  passing tke  f i r s t  

f i l t e r  paper, exce l l en t  agreement was obtained. 

of the  graphical  procedure t o  the  i n t e r p r e t a t i o n  o f  samples co l l ec t e?  x . ' m l t i n l e  

f i l t e r  2aper t r a i n s  a t  sampling v e l o c i t i e s  above t h e  limits of  t h e  f lme  photo- 

This permitted the  oppl ica t ion  

meter method. 

Curve B, Figure 1 (Page Sl), shows a p l o t  of t he  da t a  obtained a t  a higher  

sampling ve loc i ty  (16.5 l i ters/min.) .  A s ix - f i l t e r -pape r  t r a i n  was used here 

a l s o  t o  c o l l e c t  t he  sample and analyses  of each element o f  t h e  t r a i n  r e s u l t e d  

i n  a 96.4% e f f i c i e n c y  obtained f o r  t h e  f i r s t  paper. 

appeared t o  j u s t i f y  t h e  procedure. 

temporarily assumed t h a t  f o r  exploratory experiments, a six-paper t r e i n  :mUld. 

y i e l d  r e s u l t s  t h a t  c lose ly  approached the  abso lu te  e f f i c i e n c y  of t h e  f l m e  

2hotometer. 

The pa ra l l e l i sm of the  curVeS 

On t h e  bas i s  of similar s tudies ,  it was 

One o the r  f ac to r  of i n t e r e s t  apparent in  Figure 1 i s  t h e  increased 

e f f i c i ency  obtained - wi th  increased sampling v e l o c i t y  in agreement n i t h  o ther  

r e s u l t s  reported below. 

Several explora tory  s t u d i e s  of e f f i c i ency  have been made w i t h  a Six- 

f i l t e r -pape r  t ra in  1. over a concentrat ion range of from 13 t o  59 mg EaCl/m 3 

and 2 .  with  sampling v e l o c i t i e s  fram'7.1 t o  31.1 l i ters /min,  Typical r e s u l t s  

i I 3  3 VII I  UR 01287 
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Figure  1 Effect of Increasing Number of Elements on the 
Collection Efficiency of a Filter Paper Train 
Sodiun Chloride Aerosol Atmosphere. 

8. 11,9 l / dn  59.6 ng/m3 

I I3 1 K i 5  
?To. of Filter Papers in Train 



Sample 
110. 

1 

2 

3 

.4 

5 

6 

7 

8 

9 

10 

Air 
Concentration 

ng iia~l/n;3 

44.8 

60.30 

59.0 

57.1 

61.0 

60.5 

59.5 

59.7 

51.8 

61.0 

S amp1 ing 
Veloc i ty  

l/min 

7.58 

6.74 

7,50 

7.31 

7,Oo 

7.82 

7.57 

7.75 

7.55 

7.41 

h o u n t  2etnincC 
by F i r s t  ? i l t e r  

i?a?,cr 

p 
92.2 

$3,5 

93,2 

9S08 

9200 

9246 

94,O 

9S,8 

9208 

92,O 
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. 
?able  3 below shows the  sunnerized r e s u l t s  o f  t h s  s tud ie s  corn?lst?d t o  date 

on the e f f i c i e n c y  of one ~ ~ i a t z ~ a n  :,&I f i l t e r  p p e r  c i r c l e  ES E: f u c t i i m  of sampling 

ve loc i ty  and concentrat ion,  and as determined by t h e  f i l t e r -pape r  t r a i n  method. 

A t  concentrat ion l e v e l s  s imi l a r  t o  those repor ted  i n  Table 2 (Page 82) bu t  with 

increased sampling ve loc i ty ,  t h e  e f f i c i ency  increased from a value of  93,@ at 

7,4 l i t e rs /min  t o  97,@ a t  16.5 l i ters /min.  

m. 
XO , 

1 

2 

3 

4 

5 

6 

7 

No, o f  
Samples 

1 0  

10 

10 

4 

. 9  

9 

9 

Concentration 

58.4 

59.2 

59.0 

19.2 

20.0 

13.0 

13.0 

4408-61 08 

55.5-63.0 

47.3-64 05 

18.2-20.3 

18.6-21.0 

11.5-13 07 

12 5-13 5 

Sampling Veloci ty  

1 it e r s/min 

704 

1207 

16.5 

7.6 

23.3 

16.6 

31.1 

6.7-7.4 

12  01-1 3 o 3 

16 0-16 9 

7.3-7.9 

22.2-24 3 

16 02-16 e 8 

28 0-33 3 

5 3etained by 
r"irst 
Lie an 

1 t e r  ?ape= 

3 Simi lar  d a t a a m  shorn f o r  concentrat ion ranges a t  13 and 20 mdn , The 
man r e s u l t s ,  g raph ica l ly  illustrated i n  Figure 2 (Page 84), i n d i c a t e  a linear 

increase i n  e f f i c i e n c y  of  Whatman #1 f i l t e r  paper w i th  increase  i n  sampling 

v s l o c i t y  over the  range explored, 

decrease wi th  decrease in concentration, 

In addi t ion ,  e f f i c i e n c i e s  were found t o  

The l i n e a r i t y  of t h e  curves and 
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approx imte  p n r a l l c l i s n  su6;est t he  p o s s i b i l i t y  t h a t  7 5 t h  xore coc? l? t r :  2 f i . t ~  a 

mathematical r e l a t i o n s h i p  expressing e f f i c i e n c y  as a func t ion  of  concea t rs t ion  

and sanpling velocity may be developed. 

accumulation of t h e  required data. 

Fbrther work i s  i n  progress  or. t h e  
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i?;-Dblem Code: I.S.1 (Tracer  Chemistry) 

J ac t ion  Code: 3120 

.'$ :- i u t h o r s :  L. L. L i l l e r ,  'i7. F. Bale, C. G. Bly m d  'L 7atson  /. I 

Studies  i n  Pro te in  Lietabolism Using C14-Labeled DL-Lysine, 

J i r e c t  jhidence of t h e  Role of t h e  Liver  in Plasma Pro te in  Synthesis ,  Y . .  
,- 

ilackground. A t  t h e  present  t i n e  the organ o r  organs which producc thz  

var ious plasma p ro te ins  have been t h e  sub jec t  o f  conjecture  based p r i m w i l y  on 

a varisty of  i n d i r e c t  experiments and c l i n i c a l  observations.  
. * - -  

The i n d i r c c t  cxperi- . 

I -  . 
. :: ;=,. -- ...e. 2 

~ .>%<i.-g I 

n e n t d  approach is b e s t  t yp i f i ed  by observat ions made i n  dogs a f t e r  complc+e 
. . . I .. . 
' 1 ..:,.,:;.* - . .  

hepatoctomj. The r e s u l t s  of hepatectomy have f a i l e d  t o  show any des t ruc t ion  -& . .r --: 
.i.: : 

. . 2 . .  I 

7.. . . i 
~. 

or replacenent  o f  plasma albumin; l ikewise t h e  changes i n  plasma globulir; Yers 

e q u i ~ o c a l  a t  b e s t  (1): only i n  t h e  case of f ibr inogen and prothrombin havc t h e  

- . .  i ..:.. '-..' 
. .  .., . 

hepatectomy s t u d i e s  shown v e r y  s t r i k i n g  decreases compatible wi th  the  hypothesis . .  

t h a t  the  l i v e r  i s  t h e  s i te  of  o r i g i n  of t hese  two proteins .  Xore r ecen t ly  .xal+"ur- . 

!.. . .. 
.. , . . 

~ ..,7--.-f 

... 

Isfieled. n e t h i o n h e  ha8 been used i n  the  hepatectomized dog in  an attempt to 

def ine  t h e  r o l e  of  t h e  l i v e r  i n  the .production of t h e  plasma p ro te ins  ( 2 ) .  
\. ' .. \. -.r I 

' ;. . . - - - .  
. . .  ., .--.. .. ' i ' 
: -i 

"10s.- ' 

r ;  * . 
>'-. . 

Rere again the  f ind ings  were equivocal, poss ib ly  because of t echnica l  d i f f i cu l "  
.a .. . .. 

%>.?.... 

The c l i n i c a l  observations,  which po in t  t o  the  l i v e r  as t h e  site. of o r i g i n  _- -I. .̂  . 
of  albumin, have been made c h i e f l y  i n  d isease  s t a t e s  such as c i r r h o s i s  or  

', - ;* . -  
h e p a t i t i s .  This evidence i s  e s s e n t i a l l y  c i rcumstant ia l  , .. . 

-.' .- 
I t  has seemed reasonable t o  us that if d i r e c t  evidence of t h e  r o l e  of . . s . - .  

-'I. 

I ,  the l i v e r  i s  t o  be obtained, it can bes t  be done by a d i r e c t  examination of the , . 

surviving i s o l a t e d  l i v e r  perfused with whole 
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::e n-rai l ;bi l i ty  or' Q;sine-(-C14 affords  us G t r a c e r  :;ith whish t h e  productiozl or 

t x n o v o r  oi' t h e  plasm ?ro te& f r a c t i o n s  can be followed, e w n  :Then the  condi t ions 

of a s teady s t a t e  would preclude de tec t ion  of change by conventional c5emical 

nethods. 

I k t h o d :  A continuous per fus ion  system cons is t ing  o f  8 r e se rvo i r ,  a pump, 

an oxygenator, and a coarse f i l t e r  i s  f i l l e d  w i t h  whole heparinized r a t  blood 

which has been d i l u t e d  with physiological  saline, An a d u l t  r a t  is then  

ayes the t i zed  x i t h  ether and t h e  l i v e r  m p i d l y  removed in  t o t o  a f t e r  cannulas 

have been placed ii~ the  p o r t a l  v e i n  and the  super ior  vena ~ ~ 7 8 .  Usually n o t  

mre  than 15  n i m t e s  % h e  elapsed between t h e  i n t e r r u p t i o n  of tho ho?a t ic  blooc! 

flow m d  the  start  of  ac t iva  per fus ion  with oxygenated blood. (The blood is 

obtained shortly before  use by card iac  puncture o f  r a t  donors. 

as cnt icocgulant ,  and the blood i s  d i l u t e d  w i t h  one-third i t s  volume of  

ileparin is u s e d  

physio1o;icnl saline so  t h a t  t h e  f i na l  red  c e l l  hematocri t  i s  25 t o  30 volumes 

per  cerit.) The DL=lysine-(-C1*, the glucose, and the mixture of essential nmino 

ac ids  ?ius ;lycine (!,Fixture WJ-N, Lot 625149, Xerck and Co. Inc.) ( 3 )  were 

added t o  t h e  blood as solutions in a small volume o f  water. I n  most experiments 

t he  blood and added amino ac ids  were c i r c u l a t e d  t o  e f f e c t  mixing for  10 o r  15 

minutes p r i o r  t o  removal o f  the f i rs t  sample of blood. 

removed a t  one hour i n t e r v a l s  f o r  6 hours. 

Other s d p l e s  mre 

The methods for deterning C14 

a c t i v i t y  t o t a l  plasma p r o b i n ,  albumin and g lobul in  f r ac t ions ,  and f ibr inogen  , 

a r e  those previously descr ibed (4). 

Results: 

i n  Figure 1 (?age 88). 

The r e s u l t s  of  several expsriments a r e  g raph ica l ly  presented 

The final ( s i x t h  hour) Zata a r e  f u r t h e r  compared in 

Table 1 (Page 89). 

It i s  a t  once c l e a r  t h a t  t h e  i s o l a t e d  surviving r a t  l i v e r  perfused w i t h  



00. 
THE EFFECT OF SUPP-G LYSINE WITH'  
THE ESSENTIAL AMI30 ACIDS AND GLUCOSE 

FIGURE 1 

DL-Lpine-@?+ E s s e n t i a l  A.A. I s  

DLLysine-&Cu+ E s s e n t i d  A.A. I s  +Glucose 

m e r i m e n t  6 

N 8 

7 n 

4 5 6 1 2 3 

Hours After S t a r t i n g  Per fus ion  

COMPARISON OF C' INCOBPORBTION IN A L B W  AND GLOBLZIN 
FRACTIONS 

u DGLysine- 6 - C  + E s s e n t i a l  A.A.'s + Glucose 

--+- DL-Lysine-(-(? Only 

4 5 6 1 2 3 

Hours After S t a r t i n g  I Perfusion UR 01295 
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U N C U S 1  FIm 
I 

% Due i n  Total 
P l a s m  Globulin 

% Dose Per Gram 
Glchul in  Carbon 

5 Dose i n  T o t d  
Liver P r o t e i 1  

$ Ease Per Gram 
Live1 
(Dry Jeignt ) 

~ ~- ~ 

% G x e  Per Gram 
Fibrinogen 
Carbon 

:;uc os 

. &. -.-, . 9 

3.70 

1.32 

1.211 

2.38 

2.06 

3.79 - 

1.16 - 
2 004 

.;- 
. -  
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oxygenated blood i s  capable o f  incorporat ing the C14 of a labe led  amino acid into 

proteins ,  some of  which appear in the  blood and a r e  ind is t inguishable  from 

plasma proteins ,  viz., f ibr inogen and t h e  albumin and globul in  f r a c t i o n s ,  

more, t he  addi t ion  o f  the  amino ac ids  e s s e n t i a l  f o r  plasma pro te in  production 

g rea t ly  enhances the  ex ten t  of incorporat ion i n  t h e  plasma and l i v e r  pro te ins ,  

The e f f e c t  of added glucose i s  no t  c l e a r  f r o m t h e  experiment c i t ed ,  although in 

some o f  the experiments ( s e e  Table 1, Page 89) t h e  addi t ion  o f  glucose a t  l e a s t  

appears t o  favor g rea t e r  incorporat ion of t he  isotope in the l iver p ro te in  and 

k t h e r -  

i n  fibrinogen. 

an undetermined amount o f  glycogen in  the  l i v e r s  may conceal a r e a l  e f f e c t  o f  

glucose. 

The presence of glucose i n  the  blood used f o r  t h e  perfusion and 

The glucose was added in some o f  t h e  experiments to ensure the presence 

of an energy y i e ld ing  subs t r a t e  for the process o f  p ro t e in  synthes is  which 
, 

requi res  considerable energyo 

Another noteworthy f ind ing  which i s  apparent from figure 1 (Page 88)  and 

repeatedly 0 b s e r v e d . h  a l l  o f  the experiments i s  seen i n  the g r e a t e r  incorporat ion 

of t he  i so top ic  l abe l  in t h e  globul in  f r a c t i o n  a s  contrasted t o  t h e  albumin 

f rac t ion .  This i s  o f  i n t e r e s t  because it i s  q u a l i t a t i v e l y  i d e n t i c a l  and 

q u a n t i t a t i v e l y  very  s imi l a r  t o  the d i s t r i b u t i o n  of t h e  isotope in the plar3m . .. 

prote ins  of  normal dogs a f t e r  t he  feeding of  s ing le  doses of C 1 4  labeled lysine 

(4> ,  This may well be regarded a s  evidence in favor  o f  the  v i e w  t h a t  t he  i s o l a t e d  

surviving l i v e r  perf‘used wi th  whole blood is responding i n  an e s s e n t i a l l y  

physiological mannero 

Discussion: It i s  possible  to  est imate  t h e  number of  m i l l i g r a m s  of 

plasma pro te in  and l i v e r  p ro te in  produced per gram of dry liver protein in 

each experiment. 

assumption; t h a t  t he  C 1 4  is incorporated i n  the  pro te in  a s  L-lysine only (5); 

The es t imates  shown in Table 1 (Page 89) are based on t h e  

- 
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and t h a t  the pro te ins  contain an average of 6.25$ l y s ine ,  

xay no t  be e n t i r e l y  v a l i d  s ince  i n  the  dog (6,  7) s i g n i f i c a n t  though -small 

The f i r s t  assumption 

mounts  of the C 1 4  fed as l y s i n e  were found i n  glutamic ac id ,  a s p a r t i c  acid,  

and arginine.  

I t  i s  a t  once c l e a r  t h a t  'without the  o ther  e s s e n t i a l  amino ac ids ,  l y s ine  

i s  incorporated i n t o  ve ry  l i t t l e  of e i t h e r  l i v e r  o r  plasma proteins .  The small 

y i e ld  observed nay be r e fe rab le  t o  the  supplemental a c t i o n  o f  the  m a l l  amounts 

af f'ree m i n o  ac ids  i n  both l i v e r  and blood, 

Yhe supplemental add i t ion  o f  t h e  e s s e n t i a l  anino ac ids  t o  l y s i n e  r e s u l t s  

i n  a ten t o  tiventy f o l d  g rea t e r  incorpora t ion  of t h e  i so tope  i n  t h e  proteins .  

This probsbly r cp resan t s  t r u e  p ro te in  production s ince,  i f  -&e lnbolcd l y s ine  

raolccules merely exchanged w i t h  unlabeled ly s ine  res idues  in a l ready  e x i s t e n t  

pro te in  s t r u c t u r e s  ( 8 ) ,  it seems reasonable t o  expect t'mt such exchmge would 

occur as wel l  with l y s i n e  alone as when t h e  o the r  e s s e n t i a l  amino ac ids  a r e  present.  

The occurrence of  t r u e  pro te in  synthes is  i s  a more l i k e l y  explanation, eaoec ia l ly  

s ince the  above e f f e c t  of  amino ac id  supplementation p a r a l l e l s  t h e  r e s u l t s  

obtained by o thers  in t h e  i n t a c t  dog ( 3 )  and r a t  (10) i n  s t u d i e s  o f  plasma p ro te in  

production. 

If t h e  mill igrams of  plasma p ro te in  synthesized per  g;rcun of  2ry l i v e r  may 

be used as  a c r i t e r i o n  of the  e f f ec t iveness  of experimontal condi t ions,  t h e  

a dd i t ion  of ex t r a  glucose t o  t h e  experimental system is without fcvorable  e f f e c t  

(Yzble 2, ?age 92). In f ac t ,  the l a r g e s t  p ro t e in  productions a re  s e e n  in  
- .~ - r?er inent  2 ma 10, t o  which no e x t r a  glucose ~ias acidei, 

from the  o thers  i n  t h e  f a c t  t h a t  t h e  perfusion pressure (and hence the perfusion 

ra te )  was 1.5 t o  2 times t h e  perfusion pressure used i n  Experiments 3, 6, and 9. 

These exparislents d i f f e r  

This  suggests t h a t ,  given ample subs t ra te ,  t h e  higher mean oxygen tens ion  of t h e  
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TABLE 2 

THE EFFECT OF TFiE ES3E!Y.E..4.Td ALIINO A C I D S  ON L I I E R  AID PLGU PROTEIIJ ?RO!lUST:OP? 

+Dr;- veight  
+:+:-The composition of t he  WJ-N sure is as follows: 

1( f )-Arginine H C 1  8.0 

I( +- ) - Isoleucine 7*8  

1( - )-Methionine 5 .5  

1( - )-Phenylalanine 8.7 

1( + )-Histidine HC1-H20 4.0 

1( t )-Lysine HC1 12.3 

dl-Xet hionine 1.2 

1( - )-Threonine 1.7 
dl-Threonine 7.4 
&-Tryptophane 1.8 
1 ( + ) -Valine 6,1 

10.0 Glycine - 
92.0 

I( t )-Leucine 17.5 

. . .  
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perfusinp, b lood  i s  the c r i t i c a l  f ac to r  i n  t h e  h igher  r a t e  of plasma p ro te in  synthesis.  

Unfortunately, ac tua l  measurements of t h e  oxygen content or t ens ion  of t h e  blood 

en te r ing  and leaving the  l i v e r  prepara t ions  were not  made in these  experiments, 

bu t  a r e  planned. 

p r o t e i n  produced, the e f f e c t  o f  t he  higher porfusion r a t e  (Zxperinent 2 )  is not 

However, i f  one considers the sum o f  the l i ve r  and plasma 

as marked. I t  may be t h a t  the higher p e r f i s i o n  r a t e  i s  e f f e c t i v e  i n  removing 

from the l i v e r  a l ready  formed p l a s m  p ro te i a s ,  

I t  i s  o f  some i n t e r e s t  t o  examine t h e  q u a n t i t a t i v e  r e l a t i o n  of' t h e  fibrinogen 

( i . e s  f i b r i n )  produced t o  t h e  total plasma pro te in  and t h e  a lbunia  and g lobu l in  

f r ac t ions .  

of f ibrinogen, t he  f ibr inogen  conta ins  C14 equivnlent t o  C.77;: o f  t h e  t o t a l  dose 

I n  & p e r b e n t  3,  f o r  examplo, wi th  t h e  t o t a l  of a?proxi=tely 230 mg, $ 

of C14 used. 

p ro t e ins  as a whole, whereas t he  fibrinogen r ep resen t s  b u t  SbT: o f  the total 

p l a s m  proteic .  

l b 4  t o  6 times as much C14 incorporated per gran  in t h e  f ibr inogen  as i n  t he  

plasma p ro te in  taken as a whole. 

This corresponds t o  14% of  t h e  t o t a l  C14 incorporated i n  t h e  plasma 

Simi la r  estimates for  t h e  o ther  e x p e r h e n t s  sho:'r a renge o f  from 

Another ca l cu la t ion  of i n t e r e s t  r evea l s  that the  per cen t  o f  the t o t a l  

txii:io acids  ava i l ab le  converted t o  plasma and l i v e r  p ro te ins  ranges from about 

9 t o  25% (d is regard ing  t h e  unnatura l  I)-Lysine). 

8 the  physiologic range f o r  the  conversion of f e d  p ro te in  or &no ac ids  t o  l i v e r  

and plasma pro te ins  i n  t h e  r a t .  

Theee f igu res  a r e  eRsi ly  in 

Summary. The surviving i s o l a t e d  ra t  l i v e r  perfused w i t h  whole o q g e n a t e d  

heparinized r a t  blood has been used in s tud ie s  of plasma and l i v e r  p r o t e i n . s y a t h s s i s  

w i th  the  a i d  o f  DLclysine-~-C14e 

For the  f i r s t  t i m o  d i r e c t  experimental evidence affirms t h e  ro l e  of the 

rat liwr i n  t h e  syn thes i s  of r a t  plasma albumin, g lobul in ,  and fibrinogen, 
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Froblen Code: 

Sect ion Code: 3150 

1.3.1 ( l e sea rch  and Development) 

Author: L. ‘i. Steadman 

The Spct rochemica l  i le termirat ion o f  Zironium in  Bio los ica l  L e t e r i a l s  

Introduction. The s e n s i t i v i t y  of  de t ec t ion  of zirconium by s p c c t r o q q h i c  

zethods has r e c e n t l y  bsen 6eter:ained i n  t h e  course o f  

t i o n s  ;-Therein the  exper ixentcrs  were dea l ing  e s s e n t i a l l y  wi th  pure.  solutions.’  

r??rczentati-.% invest iga-  . 

iR-ed, :.:achtrieb, and Todcins (1) using a copper spark mcthos cnc o ; ra t ing  

s?ectro;rcph obtainod c s e D s i t i p i t y  o f  0.05 micrograms f o r  z i rconiun  f o r  the  

2:pectrur;l l b e  3352.0 A, and as p e a t  as 0.01 nicrogrs:ns :”or thE: l i n e  Cl iQ.2  A 

i n  tk;z second order  spec t rm.  

.,ethod, 2emlopcd by 3eldxm.n ( 2 )  has shown a s e n s i t i v i t y  o f  0.5 micrDgrms in  

The porous cu? e l e c t r i d e  nethod, a l s o  a sperk 

*.  
T i l 2  e lec trode  ?.ritE.. l i n q s  3273.0 m d  3496.2 iL. 

The s?sc t rochsxica l  methoc! descr ibed hereTrith was developed f o r  use d t h  

... c. carbon erc metho5 o f  exc i t a t ion ,  a i d  f o r  app l i ca t ion  t c  t \ e  rou t ine  

anclysis or” z i rconim,  i n  biolo,zical  n a t c r i n l s .  

A*o~~s-?T closcly t he  spectrochemical Trocedures 2ascr ibed by the  R u t h r  f o r  

:hny o f  t h e  tech-iques used 

xmiu? ( 3 )  o r  b e r y l l i u x  (4), and t he re fo re  vi11 n o t  bo Ilscuzae; in p e a t  

d e t a i l .  

Yi th  s a q l c s  possessing very low concentrat ions of zirconium t h e  element may 

Le i s o l a t e d  t o  a l a r g e  e x t e n t  b;J an e the r  ex t r ac t ion  procedure thereby y i e ld ing  

i’airlg adequate s a n s i t i v i t y  f o r  the  ap? l ica t ion  o f  the mthod t o  neasurements 

The s e n s i t i v i t y  obtained i s  0.02 micrograms o f  zirconium on t h e  electrode.  

UBCLAS s I FI m 
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- -::c~;~;io~ 01' t he  axiQles, ,]le stxqlj  :Titoh t,,e int%-nal S - L I I ~ Y ~ ,  u s u d l y  

i:i 0.1 n l  o f  so lu t ion ,  is placed i n  t h e  c r a t e r  of t h e  n3gative s l a c t r o i e  and d r i e d  

+,;i?rein. 

r o d s ,  & inch i n  diameter w i th  a c r a t e r  3/8 i nch  degp m d  3/16 inch  i n  diameter. 

3 2  arc  i s  b-mned f o r  3 minutes wi th  e x t r a  oxygen su?plied by mans of EL chknney 

i~ilt arcund the  neza t ive  e lec t rode ,  

i:-rde 4 inch d l m o t c r  g r a p h i t s  rod, 

. g t c z t i z l  130 vo l t s .  

The e l ec t rodes  are i ia t ional  Carbon Co=lpmy s p e c i a l l y  pu r i f i ed  graphi te  

The p o s i t i v e  e l ec t rode  i s  E piece  o f  r egu la r  

T3e arc c u r r e n t  i s  15 amperes esd. the  l i n e  

111~ 1i;ht ,"ram th3 cathode i s  pro jec ted  by lneans 3f' an 8 cm foca l  length 

l u a r t z  l s n s  and fccused on t h e  c o l l i n s t o r  lens .  

. i icrons and t2-n hsigli t  9 m. 

is placed i m e d i a t e l y  in f r o n t  of  t h e  s l i t .  

rLgh c o n t r a s t  2osikivn no t ion  2 i c t u r e  f i l m  using a Znusch and Loinb mdium quartz  

The s l i t  width i s  about 10 

.I hal f -cy l i36er  r o t a t i n c  eector ,  9 m in  diameter, 

The spec t run  i s  recordec? on 35 mn 
. .  

... at issrsd a r e  z i rconiuq 2571.4 A, and p l a t i n u n  2650.8 A. 

The khmccmen t  o f  Zirconiun. In the 2rocess of' developing the  carbon 'a rc  . 

x e t h d  it was found t h a t  the  i n t e n s i t y  o f  t h e  zirconium s p c t r u n  i s  a2r;reciablY 

incrqnsed b;? t h e  nresence of the a l k a l i o s  and c e r t a i n  o the r  elements.. This f ind ing  

.. has t : r e c  ixpor tan t  consequences. F i r s t ,  s ince  b io loz icn l  samples i n  gcnorsl  

-- c m t e i n  :.z, Z Ca, Xg, etc . ,  i t  is necessary  t o  use a spoctrosc3pic  buf'r-r t o  

m i n t a i n  c o n s t m t  m t r i x  conditione,  3ecoc31;., t h e  re&ular grade spectroscopic  

cIc.ctrorl,?s zh ich  do n o t  sbow tlie ?rcsencc 

.to contain about 0.2 nicr3,rmxj vhen a lka l i  elements are introduced, ad. t h s r e f 3 r e  

7 zirconium when burne2 alono prove 
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-:ill Z ~ C I Y ;  z i rconiun even when blank b io logica l  ash i s  tes ted .  Thhir$ly, the  use 

of nn enhencing agent  i s  thus made poss ib le ,  which increases  the  s e n s i t i v i t y  of  

de t ec t ion  o f  zirconium. 

Since the  h ighes t  p u r i t y  graphi te  does n o t  conta in  detectable  zirconium 

i n  the  presence of an enhancing agent t h e  procedure now i n  use c o n s i s t s  i n  adding 

t o  t he  e lec t rode  c r a t e r  about 10  mg K C 1  as a d r y  powder before  t h e  so lu t ion  

s a q l e  i s  introduced. The K C l  increases  t h e  s e n s i t i v i t y  o f  measurement about  c, 

f a c t o r  o f  ten and a l s o  serves  as the  spectroscopic  buffer .  

xttem?ts thus  far t o  remove t h e  zirconium from t h e  r egu la r  grade elec- 

t rodes  by ex t r ac t ion  wi th  acids ( 3 ) ,  inc luding  IFF, have n o t  been successA%l. 

The o z ~ l : ~  ?isadvantage in us ins  the hi;;h purit;. e l ec t rodes  is  t h a t  tkey  are  about 

t e n  tiiies as expensive as t h e  r egu la r  grade o f  graphi te .  

Cal ibra t ion  Curves. The c a l i b r a t i o n  curve has been e s t ab l i shed  by p 1 3 t t h g  

the  r a t i o  o f  the l i n e  i n t e n s i t i e s  of zirconium t o  platinum a g a i n s t  the m o a t  

o f  zirconium. Since a lessc-  

s e n s i t i u i b j  f r equen t ly  i s  s a t i s f a c t o r y  i n  cases r:.hore the  amount of  zirconium 

Tlie aaount o f  platinum used i s  4 micrograms. 

t o  Se nenscred i s  l a rge ,  a second c a l i b r a t i o n  curve also has been tcntnti- .- t ly 

s2 t  up for use r.;ith t he  regular  grade e lec t rodes .  

reduced by placing n x i r e  mesh screen  o f  transmissim aSout 50;: m e r  t:ie ?:-3jection 

lens  end t he  amount o f  platinum i s  increased to 20 micrograms. 

For t h i s  tlle i l lurninat inn is 

The fom 2: the 

curvss nay r e a i i l y  br? sqen k o m  t h e  folloxing t a b l e s  of  coordinates.  

r ead in i  i n  Table 2 for zero zirconium added t o  t h e  e lec t rode  i s  due t o  t!:e 

x s i a d i l  zirconium in  t h e  electrode.  

The p i t i v e  

01306 
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Amount o f  Zirconiucl (Iiicrograms) O b  00 O b  02 0.05 0.10 0.20 

I n t e n s i t y  o f  Zirconium 2571.4 A 0.00 0.55 1.00 1.50 2.00 . 

I n t e n s i t y  o f  Platinum 2650.8 A 

; 

4 *, 

% 

.. . 
-, 

9. 

* :  ,* 

TABLE 2 

b o u n t  o f  Zirconium (Micrograms) 0.00 0.20 0.50 1.00 2 000 

,, 5 

I n t e n s i t y  Zirconium 2567.6 A 
I n t e n s i t y  Platinum 2650.8 A 

0.40 0.60 0.95 1.30 1.65 I , 
The zirconium standard so lu t ion  was prepared from ZrC14 .  The possible  

el’fect  on t h e  c a l i b r a t i o n  curve of elements othor than  those usua l ly  present  in 

b io log ica l  sanples has n o t  ;ret been invest igated.  The zirconium l i n e  2571.4 A 

i s  n o t  i n t e r f e r e d  w i t h  by l i n e s  o f  any o f  . t he  elements l i k e l y  t o  be present  i n  - - ’ 

LioloZical sa;nples vrith the  poss ib le  exception o f  i ron .  

;Irconium may be made s a t i s f a c t o r i l y  i n  the  presence o f  100 micrograms o f  iron 

ii measurement of 
. .  . 

on the  eloctrode.  

1 n;. o r  more o f  i r o n  i s  present. 

However, the  zirconium s e n s i t i v i t y  i s  g r e a t l y  reduced vrhn 

Ashing o f  Biological  Materials. I n i t i a l  experiments on the e t h e r  ex t r ac t ion  
/ .  

of zirconium from t he  ash of b io logica l  samples such a6 u r ine  and bone when t h e  
. %  

zirconium was added t o  t h e  ma te r i a l s  a l ready  dry ashed proved t o  be succes8ful. 

‘iomevcr, when the  zirconium was added t o  t h e  sample before it was dry  ashed in  

--- 

rnCLbASSI~ED 
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the  muffle furnace a t  5OO0C, t h e  recovery on ex t r ac t ion  ma only a few per  cent. 

The loss  w a ~  shown not t o  be due .t;o v o l a t i l i z a t i o n  o f  t he  zirconium, since it 

could be accounted f o r  by a d i r e c t  measurement on the ash  which ma prepared 

p a r t  i n  solut ion and p a r t  in  suspension, but  'KBS due to t h e  f a c t  t ha t  oxides 

or  other  conpounds of zirconium a r e  formed which are n o t  so lub le  in  t h e  reagents  

used iz the e t h e r  e x t r a c t i o n  procedure. 

Attempts t o  obta in  both the  b io logica l  ash and the  zirconium compounds in 

. so lu t ion  in BC1 by means of t reatment  w i t h  H2S04 o r  HF have not been successfw. 

thus f a r ,  as might be expected, although the  zirconium oxide is so luble  i n  HF. 

i d s o  it vas found t h a t  the glaze on porcelain c ruc ib l e s  conta ins  considerable 

rzounts o f  zirconium so t h a t  porce la in  should n o t  be used i n  analytical work 

on z i rconim.  S i l i c a  dishes  may be sa t i s f ac to ry .  The b io log ica l  samples have 

therefore  been propared 5y a w e t  ashing procedure. The digest 3zy 2.0 analyzed 

dLrsc t ly  o r  the zirconium Zay be concentrated by separa+,ion 1: the zirconium 

u ~ ; ~ s r a t i o n  of Zirconium by Ether LMraction. Xthough s t m d a r d  +.csts give 

A1 *.SF: e t h e r  G;.?raction of zirconium chlor ide as zero  per  cent ,  t h e  e x t r a c t i o n  o f  

z i r c m i m  Zron a concentrated f I C l  so lu t ion  by e t h e r  i s  found t o  be poss ib le  

- 

txtrac 'uion 02 S e r y l l i u c  (4).  

t l x  use o f  CaC12 as a s a l t i n g  out  rgent  i n  a manner s is i lar  t o  t h e  e t h e r  

The &Tounts o f  reagents used have been 

- 
-1 a..Ai?c~ zanexhat e n p i r i c a l l y  and m e  s t i l l  t e n t a t i v e  values. The c e t h o d  f o r  

a p i r e  c s l u t i o n  i s  as fo l lows:  Add zirconiuin t o  3 nl I iC1 + 1 sl 223, Sature.te 

- .,A .: A:. r r ~  :;x:,-:;dereB anhydrous CaC12 (about  3 ~ ; r m s ) .  TransTer t o  R separa tory  funnel 

and shake with 15 ml of e t h y l  e ther .  Three layers form on standing. The 

bot ton l q e r  containing the  s a l t  is drawn off and discarded. Trmsx'er the 

r e m i n i n g  -kro layers t o  a beaker, add water and evaporate o f f  t h e  ether .  The 

UIJCLASSI FIED 
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p a r t i t i o n  coe f f i c i en t  of a s ing le  ex t r ac t ion  i s  about 95%. 

es t ab l i shed  by the  recovery measurements and also by carrying o u t  a second 

ex t r ac t ion  on the s a l t  res idue of t he  bottom layer .  

This  value has been 

Urine. 

B o i l  down on t he  h o t  p l a t e  u n t i l  t he  residue becomes foam l i k e  bu t  doe6 

To 25 m l  f r e s h  ur ine  in a 50 m l  p v e x  beaker add 5 ml concentrated - 
EIN03. 

n o t  char. 

Add 3 ml HC1. 

Add 2 & of H20 + 1 ml HCI. Warm and br ing residue i n t o  sohl t ion.  

Sa tura te  wi th  CaCIZ and proceed as above. 

Bonee Digest  2 grams o r  l ess  of  bone i n  1 : 1 WO3 on t h e  hot  p l a t e  and - 
evaporate t o  dryness without charr ing,  

res idue in to  so lu t ion .  Add 5 m l  HC1. 

Add 3 m l  H20 + 1 ml HC1. Warm and b r h g  

Sa tura te  wi th  CaC12 and proceed as above. 

Soft Tissue8. Digest  LO grams or less o f  s o f t  t i s s u e  i n  1:1 mO3 with  

Continue t h e  wet  ashing t o  obtain a heating. Cool and remove t h e  f a t  layer .  

white ash by repeated use of EtNO3 and a few ml of HC104, 

HC1 t o  insure so lu t ion  of the zirconium and evaporate t o  dryness, 

4 ml 

of the  zirconium from i r o n  i n  t h e  e x t r a c t  may be made by evaporating the  e x t r a c t  

t o  dryness, d i sso lv ing  i n  3 ml concentrated HC1, and shaking wi th  30 ml ether.  

Treat  t h e  ash wi th  ho t  

Dissolve in 

If necessary,  a p a r t i a l  separat ion HC1 + 2 ml H20 and proceed as above, 

The e the r  layer will conta in  5% of the zirconium bu t  only 1% of the  iron. 

The methods have been t e s t e d  thus far in t he  range 0.1 t o  100 micrograms 

of zirconium. As in the  beryll ium method, about 10 mg. o f  calcium s a l t  comes 

through the ex t r ac t ion  so that the  method a t  p resent  does n o t  give a complete 

i s o l a t i o n  of t he  zirconium, but  this amount of s a l t  i s  n o t  detr imental  t o  t h e  

spectrographic measurement o f z irconium. 

Summary. A spectrographic  method us ing  the d.c. carbon a r c  has been 

devised for the  measurement of  zirconium, 

the  electrode i s  obtained by using KC1 as an enhancing a g e n t w i t h  spectroscopic 

A s e n s i t i v i t y  of  0.02 micrograms on 

UNCLBSSIFIED 
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Suffer .  S 4 m l l  amounts of zirconium in b io log ica l  ma te r i a l s  a r e  i s o l a t e d  by e t h e r  

a-r t roct ion o f  the  chlor ide.  The s e n s i t i v i t y  i s  about 1 microgram per  l i t e r  of  

w i n e ,  0 , l  microgram per  gram o f  bone, and 0.001 microgram per  gram o f  s o f t  

t i s  sue. 
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Problem Code: I ,N,2  (Service)  

Sect ion Code: 3150 

Author: L. T,  Steadman 

SpectrograThic Service Analyses . 

1. 

2. 

3. 

280 chamber dus t  samples were analyzed f o r  beryll ium 

227 a i r  d u s t  samples were analyzed for beryl l ium 

34 animal t i s s u e  samples were analyzed for beryll ium 

4. 5 human t i s s u e  sample8 were analyzed for beryll ium 

5 .  5 fume samples were analyzed for U, W, and Cu 
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ZEUCATIONAL PROGRAU 

'rroblen Code: Bone 

Sec t ion  Code: 3480 

Author: J. N, Stannard 

The t r a i n i n g  a c t i v i t i e s  of the P r o j e c t  have increased in  scope s u f f i c i e n t l y  

t o  warrant  es tabl ishment  of a n  adminis t ra t ive  uni t  t o  handle p e r t i n e n t  problems. 

X t h  occu2ation of the  new wing nex t  spr ing and an t i c ipa t ed  increase  in s tudent  

population, an increas ing  amount o f  time and energy w i l l  perforce be expended on 

the educat ional  phases o f  t he  P ro jec t ' s  a c t i v i t i e s ,  

r spo r t  o f  developments i n  the  t r a i n i n g  program w i l l  be made. 

For this reason a per iodic  

Tellows in YEtalth Physics, 1948-49. The group o f  e i g h t  U C  Technical 

Fellows i n  Health Physics ass igned t o  t h i s  f a c i l i t y  i n  October, 1948, completed 

t h e i r  t r a i n i n g  a t  Rochester during t h e  summer months by assignnent  t o  var ious 

research  p r o j e c t s  as technica l  assistants. 

the  ap t i t ude  and i n t e r e s t s  of the  trainees. 

instrumentation, one wi th  t h e  p a r t i c l e  s i z e  problem, one with r a d i a t i o n  chemistry, 

one wi th  the e f f e c t s  o f  very sho r t ,  h igh i n t e n s i t y  x-ray f lashes ,  one with 

phagocytosis i n  connection w i t h  t h e  b e r y l l i u n  problem, and two wi th  blood changes 

a f t e r  x- i r rad ia t ion .  

The assignments were determined by 

Two a s s i s t e d  wi th  p rob lem i n  

This group reported by a cooperat ive arrangement t o  Brookhaven National 

Laboratory on September 1st f o r  p r a c t i c a l  experience w i t h  f i e l d  problems. 

the  genera l  d i r e c t i o n  of Mr. D, Balber, they  are rece iv ing  experience i n  area 

survey, buildin;: 6ur~ey, personnel monitoring, and c a l i b r a t i o n  o f  instruments. 

:hey rena in  respons ib le  t o  Rochester u n t i l  completion o f  t h e i r  t r a i n i n g  on 

;;ovembes 1 s t . 

Under 
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&)see :.;e:.'.ers '11' t h e  grou; k v e  y ; c c i v c d  o.?;'ers :>;- =: : -C~Y-.S~ZZI 'J ?'::Lr 

_. . 
fe l lowships  t o  complete research  toward a L a s t e r ' s  ilegree i n  Xaaiation slology. 

"KO a r e  re turn ing  t o  Rochester f o r  t h i n  purpose. F.70 o the r s  a r e  enter ing cnploy- 

;;lent a t  t he  Kational I n s t i t u t e s  of Bealth, U. S. Tublic Eea l th  Service,  Ccthesda, 

::myland, i n  connection wi th  the  opera t ion  o f  a new "hot  labora tor f  foi research 

i n  b i o l o g  and medicine, 

?e l lom in  Radiological Ziysics ,  1949-50. h new group o f  t en  ;:::I: .:ello;;'s 

he.s j u s t  begun t r a i n i n g  in t h i s  f i e l d .  

e l e c t r i c a l  engineering, physics,  o r  r e l a t e d  f i e l d s ,  and a r e  able t o  en-lsr q o n  

;;are advanced work in instrumentat ion and r a d i a t i o n  measurement than  tkr;  Zrsvious 

They have undergradurte degrcec i n  

group. 

Ground, t he  group i s  spending about one-half o f  i t s  time on b io loz icz l  

problems. 

being followed i s  slioim on pages 107-111. 

Pa r t ly  f o r  t h i s  reason m 6  pnr t ly  to provide necessary biolo;: cc.: Seck- 
. -  neziczii 

An ou t l ine  o f  t h e  present  program and a desc r ip t ion  o f  t h e  C3Ci'SeS 

Certain a l t e r a t i o 3 s  have ?xer ,  :=Be fo r  

7cllorrs v"ith advanced t r a i n i n 5  in sTec i f i c  f i e l d s ,  b u t  t h i s  o u t l i n e  i c  ;s?erdly 

cip1 i cab1 e. 

Sicce a quick re-riew of b a s i c  b io log ica l  p r inc ip l e s  was needc? 50 qualil';l 

'he s tudents  f o r  physiological  s tud ie s ,  a survey course :vas orgnuice? u n l s  f i e  

;.?nerP.l d i r e c t i o n  o f  ilr. Z l l i o t t  ; . :zpnrl .  An o u t l i n e  o f  t h i s  c c u r x  i s  z:?orm 

an I ) G ~ C S  112-113, This rras an opt ionnl  program. 

?re- end Post-Doctoral Fellows. In add i t ion  t o  fomsl t ra in in ;  f w  the  

Ycckrical  Fe l lomhip  group, s eve ra l  pre- end post-doctoral  fe l lows supported 

.:ither by A2C Fellowships o r  UniversiQ F2llowships a r e  doin; research ill t30 

I ' ields of biophysics,  pharmacology, and r a d i a t i o n  biology. 

Lon: conventional academic l ines and cont r ibu tes  t o  t h e  P ro jec t ' s  r ssezrch  

This i s  bein; done 

General Coxrments, The respons ib le  i n s t r u c t o r s  i n  the  courses gi=n 

UR 01312 
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-oy f d C  Yroject personnel e r e  l i s t e d  belox: 

Instrumentat ion . . . . . . . . . . . . . .  i ierber t  Leraagen 

dad ia t ion  Biolo&y . . . . . . . . . . . .  .J. 11. Stannard 

I n d u s t r i a l  Hygiene and Toxicology . . . .  .Eerbert  Stokinger and 
S id  Laskin 

P rac t i ca l  ,%dialogical Physics. . . . . .  .Herbert !:er;ragen and 

P r inc ip l e s  o f  S t a t i s t i c a l  Inference . . .  .Lee Cruxp 

Russell  3 y e s  

During the period of opera t ion  of t h e  f i r s t  four  courses,  t h e  t r a i n i n g  

?ro&ren becomes a major work load for t h e  ind iv idua l  responsible.  

::~.ny o ther  staff members cont r ibu te  from a few l e c t u r e s  t o  severr.1 weeks o f  

cmcen t ra t ed  a c t i v i t y .  

t o  include Pore advanced s tudents ,  the  add i t iona l  research act i . ; r i t ies  o f  tfie 

s h d e n t  group vi11 compensate somewhat f o r  t h e  time and e f f o r t  a t  present  noeded 

I n  addi t ion,  

I t  i s  an t i c ipa t ed  t h a t ,  as t h e  trainil l ;  progrem expands 

:cr the organizat ion and conduct of t h i s  new t r a i n i n g  ea t e rp r i se .  

UIKLAS SI FIED 
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D3SCXPTIOil 3 F  CoC,?sZ’s I?! ~ ’ L ~ I O L ~ G I C A L  PITSICS (1949-50) 

I, Instrumentat ion and ? r a c t i c a l  Padiological  T?ysics 

Credi t  8 hrsa 

This course i s  given i n  two sec t ions ,  one a t  t h e  o u t s e t  o f  s tudy ( 5  hours 

c r e d i t ) ,  t h e  o ther  ( 3  hours c r e d i t )  a f t e r  co;npletion of courses i n  r a d i a t i o n  

biology, i n d u s t r i a l  hygiene and toxicology. 

t o  f’undamntal e l ec t ron ic s ,  regula ted  power supply, cons t ruc t ion  and r e p a i r  

of i n s t r u i e n t  components measurement o f  alpha, be ta ,  and gamna r ad ia t ion  

wi th  counters and i on iza t ion  chambers, and measurement o f  t h e  in t e rna t iona l  

The f i r s t  sec t ion  i s  devoted 

roentgen, 

i n fomat ion  t o  survey and monitoring problems. 

a i r  sampling and analysis techniques in combination with r ad ia t ion  measure- 

ments i s  s tudied t o  prepare t h e  s tudent  f o r  p r a c t i c a l  problems i n  eva lua t ing  

The second s e c t i o n  c o n s i s t s  pr imar i ly  of app l i ca t ion  o f  t h i s  

In add i t ion  t h e  use of 

both chemical and r a d i a t i o n  hazards from dusty abosphe res .  

contenplated t h a t  p r a c t i c a l ,  large-scale  survey problems w i l l  be presented 

a f t e r  completion of  t h i s  course by t r a n s f e r  of  t h e  s tudent  t o  major opera t ing  

f a c i l i t i e s  of t h e  U. S. A t m i c  Energy Commission. 

a r e  n o t n a j o r i n g  i n  Physics o r  Biophysics w i l l  be given graduate c r e d i t  fo r  

t h i s  courseo 

11. Sadiat ion Biology 

Credi t  5 hrs. 

I t  i s  

Only those students  who 

A survey i s  made o f  t h e  e f f e c t s  of ion iz ing  r ad ia t ions  on l i v i n g  

systems and on cons t i t uen t s  o f  body f l u i d s  and c e l l s .  

upon changes occurr ing i n  mammals and t h e i r  bear ing on t h e  problem of 

human exposure., 

Bnphasis i s  placed 

The b io log ica l  basis f o r  r ad ia t ion  to l e rance  e s t h a t e s  i s  

U N C U S  SI FIED 
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discussed i n  d e t a i l ,  and spec ia l  problems a r i s i n g  i n  connection wi th  t h e  

entrance o f  rad ioac t ive  ma te r i a l s  i n t o  t h e  body are s tudied.  Genetic 

e f f e c t s  of r a d i a t i o n  a r e  taken up i n  cooperation wi th  t h e  Deparben t  of 

8iology, College of Arts and Scienceo 

IIIe Indus t r i a l  Itvgiene and Toxicology 

Credi t  5 h r s e  

A survey course cons i s t ing  of both l e c t u r e s  and l abora to ry  problems 

Topics discussed include r e l a t i n g  t o  I n d u s t r i a l  liygiene and Toxicology. 

t h e  bas ic  p r inc ip l e s  of toxicology, s p e c i f i c  m t e r i a l s  c o n s t i t u t i n g  

i n d u s t r i a l  hazards, cha rac t e r i za t ion  o f  t ox ic  atmospheres, and the biological  

app l i ca t ions  o f  s t a t i s t i c a l  methods. The i n d u s t r i a l  problem i s  considered 

from*both t h e  p ro tec t ive  engineering a spec t s  and the  eva lua t ion  of  hazards 

i n  terms of  f i e l d  surveys. 

t h e  dus t  pa r t i c l e - s i ze  problem, t h e  ma te r i a l s  of i n t e r e s t  t o  t he  U. S. 

Atomic Energy Commission. 

s tudent  experience in the  use of var ious  types of sampling and a n a l y t i c a l  

procedures f o r  t h e  eva lua t ion  of d u s t  atmospheres and in the use of 

Spec ia l  emphasis i s  placed on i n h a l a t i o n  t o f i c i t g ,  

Laboratory problems a r e  designed t o  g ive  the  

experimental animals for t h e  determination o f  maximum allowable concentrations.  

lT. In t roduct ion  t o  Research 

Credi t  3 hrs, 

The s tudent  i s  assigned f o r  periods of one month t o  r ep resen ta t ive  

r e sea rch  l a b o r a t o r i e s  w i th in  The Universi ty  of  Rochester Atomic fiergy 

Project .  

types of research  equipment and methods employed by l a b o r a t o r i e s  which t h e  

r ad io log ica l  phys i c i s t  may be requi red  t o  survey or monitor. 

i s  nade t o  engross the s tuden t  in d e t a i l s  regarding s p e c i f i c  r e sea rch  

UrJCLASSIFIED 

By t h i s  system of r o t a t i o n  familiarity is gained w i t h  var ious  

110 a t tempt  
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? rob lem,  bu t  a c o x e p t  o f  o v e r a l l  ob jec t ives  a n i  p rac t i ces  i s  presented. 

7 ,  ? r inc ip l e s  o f  S t a t i s t i c a l  Inference 

Credi t  2 hrs .  

The d e s c r i p t i o n  of frequency d i s t r i b u t i o n .  The c h a r a c t e r i s t i c s  of 

"good" methods o f  s t a t i s t i c a l  es t imat ion  and o f  t e s t i n g  hypotheses. The 

r e l a t i o n  between s t a t i s  t i c a l  methods and experimental  research. 

VI. In t roduct ion  t o  Eodern Physics (given by Department o f  Physics,  College of 

Credi t  3 hrs. 
Arts and Science)  

A survey o f  the f i e l d  of atomic physics rcith p a r t i c u l a r  enphasis on 

the  general  s ign i f icance  of r ecen t  developments. The course i s  intended 

2 r i n a r i l y  for s tudents  not  majoring in Physics,  

VII. Ihtroduct ion t o  Huclear Physics (given by Depar-hnent o f  Physics,  College o f  

Credi t  3 hrsa 
A r t s  and Science) 

A stu&j o f  nuc le i  and nuc lear  processes  wi th  emphasis on new method8 

and appl ica t ions .  

f i s s ion ,  methods o f  producing h igh  energy p a r t i c l e s ,  counting techniques,  

Includes s t r u c t u r e  o f  t h e  nucleus, nuclear  t r a n s f o m t i o n s ,  

Applications t o  the f i e l d s  o f  chemistry and biology are emphasized. 

s u b j e c t  matter o f  t h i s  course forms a l o g i c a l  cont inuat ion o f  In t roduct ion  

The 

t o  Modern Physics. 

V I I I ,  Mammalian Physiology (given by Department o f  Physiology, School of Medicine 

Credi t  3 hrs.  
and Dent i s t ry)  

An in t roductory  course w i t h  emphasis on human physiology. 1kma.n as 

w e l l  as o t h e r  mammalian sub jec t s  are used in t h e  l abora to ry  t o  demonstrate 

the  p r inc ip l e s  involved. 

taken Biology 1 - 2  and Chemistry 1-2, 

This course i s  open t o  a l l  s tudents  who have 

A knowledge of elementary physics 

i s  des i rab le .  

UNCLASSIFIED 
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3UTLIIE OF BASIC BIOLOGY COURSE* 

Lecture s : 

1, Biology: 
Scope and relation to other science8 
The biological method 

2 .  Plant vs,  Animal and Kinds of Plants: 
Comparative characteristics of plants and 

Characteristics of major plant groups 
animals 

3,  Kinds of Animals: 
Classifications based on various charactere 
Characteristics of lowr phyla 

4. Kinds of Animals (cont'd.): 
Characteristics of higher phyla 

5, Protoplasm: 
Physical and chemical nature 

6, Xetabolism: 
Metabolism and nutrition 

7. Coordination in the Body: 
Apimal VS. plant 
Principle of unity in an organism 
The circulatory system a s  a coordinating 

Zndocrine glands 
me chani Sm 

8. Coordination in the Body (cont'd): 

The PerPous system as a coordinating 
mechanism 

9. Cell Reproduction and Inheritance: 
Mitosis and the gene theory 
Viruses 

10, Gvolution: 
Evidences 
C auae s 

Instructors: 
~~ 

Haynard 

EEaynar d 

Maynard 

Maynard 

Laskin 

Stannard 

Maynard 

Blair 

Maynard 

Maynard 

*Given in autunm, 1949, for A.E.C. Radiological Physics Technical Fellom with 
no undergraduate biology courses. 

UYCLJAS s I FIED 
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Laboratory Exercises: 

1. Anatony of  the b o g  

2. Anatomy of the Rat 

3. Ecroorganirms,  Use o f  Microscope 

4. Cell Division 

5, Museum V i s i t  

I n s t r u c t o r s  : 
~~ 

Aynard, Stannard 

Maynard, Casarett 

Maynard, Laskin 

Maynard, Casarett 

Maynard, Stannard 

Text: - 
Mavor: GENERAL BIOLOGY 

The formal sessions in this course a r e  be ing  followed by informal weekly 

conferences on s p e c i f i c  top ics .  These mill cont inue un t i l  January 1950. 

UPJCLAS SIFIED 

UR 01320 



114. 

TCCHXICAL IGPOZTS ISSUED FOR DISTXBUTION 

Class i f ied  Res t r i c t ed  or Lower 

Ju ly  1, 1949 thru September 30, 1949 

Sub j e  c t 
Authors Category - T i t l e  

7 
Iieport No. 

Uii-67 '%uggested Maximum Permissible  and Hodge Heal th  
e t  a1 Concentration of In so 1 ubl e Uranium Compounds i n  A i r "  Biology 

(RESTRICTED) 
Issued: 8/2/49. - 

Uii-76 

UR-77 

I 

UR- 78 

u3-79 

UZ-80 

UR-81 

He a1 t h  "The Inf luence of In fec t ion  on t he  Bennett 
Hematological Ef fec ts  and hbrtality Rekers and 
Fo 11 owing Mid-Le t h a l  X-radiation" e t  a1 Biology 

- Issued: 8/18/49 

"A Preliminary Inves t iga t ion  o f  Blood Smith Health 
Fluoride Levels Following Exposure Gardner and 
t o  Hydrogen Fluoride a t  a Concentration 
of  Approximately 29 laS/m3" 

- Issued: 8/16/49 

(UNCrnSIFIED) 

Biology 

(UNCLASSIFIED) 

"Hemin Synthesis  in Spleen Homogenates" Salomon Health 
(micuss I FIED ) A 1  tman and 
Issued: 8/18/49 Biology 

"The Experimental Study of Flash Bums" Payne Health I 

( UXCLBSS I FI ED) Hogg and . '\. 
Issued: 8/16/49 Pearse Biology - 

"The Kechanism o f  Action of  U r a n i u m  b t h s  t e  i n  
on Cells" e t  a1 

Issued: 8/2/49 
(RESTRICTED) - 

"Suggested Maximum Allowable . Hodge 
e t  a1 Concentrations o f  Soluble U r a n i u m  

Compounds in  A i r N  

Issued : 8/2/49 
(RESTRICTED) 

2.42 "Urinary Uranium as a b a s u r e  of IJeuman 

Exposure Ihzard" 

He a1 t h  
and 

Biology 

Health 
and 

Biology 

Health 
and 

Biology 

UR 01321 



IJR-86 

Uit-87 

ED 
1 

D E W  
T i t l e  

"The Inhalat ion Toxici ty  of Beryllium 
Sulfa te  Xist a t  a Concentration of 
1 mg/m3 for 100 Days" 

- Issued: 9/27/49 

"Rr the r  Polarographic Studies o f  t h e  
Uranyl C i t r a t e  complex" 

- Issued: 9/20/49 

Quar t e r ly  Technical Report 

- Issued: 9/15/49 

( UfJCLASSI FIED) 

(RESTRICTED) 

( RFSTRI CTED ) 

Zub j e c t  
Category -'-ut hor s 

Stokinger . Health 
et a1  and 

- 
Biology 

Neumfm Health 
e t  a1 and 

Biology 

Health 
and 

Biology 
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