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Proposa l  T o r  c o r t i n u a t i o n  o f  s t u d i e s  on t h e  d i s t r i b u t i o n  of gases, 

water and e l e c t r o l y t e s  i n  t h e  human body as being conducted under Con- 

t r a c t  17onr-295, Task Order IV, P r o j e c t  No. X2? 122-307, f o r  t h e  per iod  

1 Septenber 1951 t o  5 1  August 1954. 

& l l o  Pace, P r o j e c t  Supervisor  

OBJECT - 
To d e f i z e  the physio1o;ical f a c t o r s  c o n t r o l l i n g  t h e  dynamics of t h e  

d i s t r i b u t i o n  of gases, water  and e l e c t r o l y t e s  Fn t h e  h u m  body. 

BACKGROUND 

Previous worlc under t h i s  Contract  has l e d  t o  t h e  d e s c r i p t i o n  of t h e  

d y m n i c  d i s t r i b u t i o n  behavior  of a number of simple substances,  fo l lowing  

in t ravenous  a d m i n i s t r a t i o n  i n t o  t h e  human body, i n  terms of t h e  ar t  

p l a s m  t ime-concent ra t ion  ourves. These curves have been reso lved  

m u l t i p l e  simple exponent ia l  r a t e  express ions ,  gome of which appear 

common t o  a l l  substances i n j e c t e d  and o t h e r s  which seem t o  b e  chara  

i s t i c  of each s e p a r a t e  substance. For t h e  substances o f  small mole 

s i z e  examined t h u s  far, t h e  l i m i t i n g  f a c t o r s  in  t h e  r a t e  of d i s t r i b u t t q n ,  .I 

~ , , 2 i  -: 
5 <;: :. 7 :  = 'J 

.r 3 f are bel ieved  t o  be t h e  r a t e  of blood supply t o  t h e  var ious  t i s s u e  reFns .' .z ,. c_ 2 ,o 
k r  '3 

and t h e  magnitude of t h e  space i n  t h e s e  t i s s u e  r e g i o n s  a v a i l a b l e  f o $ b  '= - I \  E i) 
Ci .-' = - ~ -. 0 

d c - -  . 2 *. 9, 2 
f: 5 .. ; s  - .- - - m ; L = ;? 

substance i n  which t o  d i s t r i b u t e  i tsel f  
., .- - s s z y  

- -. 

- - .- 
-- 

- ,  ~ - L -  - . .  - 
c -. ,- - 

in order  t o  v e r i f y  and expand t h i s  simple hypothes is  it i s  necks&*= 

t o  o b t a i n  more d i s t r i b u t i o n  curves  f rom normal i n d i v i d u a l s  i n  v a r i o u s  

phys io logica l  s t a t e s  a s  well as from p a t i e n t s  s u f f e r i n g  c i r c u l a t o r y  d i a -  

orders .  Fur thernore ,  it is of  importance t o  measure t h e  p h y s i o l o g i c a l  
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spaces  of t h e  body, such as t h e  t o t a l  body fa t ,  s k e l e t a l  mass, extra- 

c e l l u l a r  f l u i d ,  e tc . ,  so t h a t  more q u a n t i t a t i v e  e v a l u a t i o n  of t h e  d i s -  

t r i b u t i o n  curves nay be m d e .  F i n a l l y ,  it i s  of i n t e r e s t  t o  examine 

t h e  d e t a i l e d  d i s t r i b u t i o n  of  m a t e r i a l s  a t  t h e  c e l l u l a r  l e v e l ,  which i s  

now p o s s i b l e  by means of t h e  d i f f e r e n t i a l  c e n t r i f u g a t i o n  t e c h n i c  for  

c e l l  f r a c t i o n a t i o n .  

In addi t ior .  t o  t h e  p r e s e n t  work on d i s t r i b u t i o n  dynamics, it i s  

a n t i c i p a t e d  t h a t  w i t h  t h e  a v a i l a b i l i t y  of  t h e  White Nountain Research 

S t a t i o n  some r e s e a r c h  w i l l  be i n i t i a t e d  on t h e  problems of high a l -  

t i t u d e  physiology. f jes idos t h i s  r e s e a r c h ,  which i s  q u i t e  l i m i t e d  a t  

p r e s e n t ,  t h e  a d m i n i s t r a t i o n  of t h e  W i t e  Mountain Research S t a t i o n  

i t s e l f  a l s o  f a l l s  w i t h i n  t h e  framework o f  t h e  Contract .  

c l e a r l y  d i s s o c i a t e  t h e  b a s i c  research  done under t h e  C o n t r a 6  frbm the; ‘.;. 

more s t r i c t l y  a d m i n i s t r a t i v e  problem of t h e  opera t ion  of t ~ e ~ ? @ e ~  5 $ 2 - tf -: < ’ L’  = 
Loun’cain S t z t i o n ,  c o n p l o t e l y  s e p a r a t e  a c c o u n t a b i l i t y  h a s  

t z i n e d  l o c a l l y  f o r  t h e  r e s e a r c h  and f o r  t h e  opera t ion  of 

For t h i s  reason,  t w o  s e a a r a t e  Budgets have been s e t  up a 

cluded i n  t h e  fol lowing.  

-- - .. - - - - - _ -  - -  

In i)r$i t o - .  5 
I - -  - -  

L -  - : : - . - e : ;  

- .  .: . .- - . - - -  
- - - - -  

EXPERIf.iEI?TAL PIAN - 
In  planning a r e s e a r c h  program f o r  a t h r e e  year  per 

m a n i f e s t l y  d i f f i c u l t  t o  o u t l i n e  t h e  experiments t o  be done i n  any g r e a t  

d e t a i l .  iience, t h e  fol lowing p l a n  i s  t o  be regarded as t e n t a t i v e  nnd 

genera l  i n  scope. 

I .  Radiosodium 24 d i s t r i b u t i o n .  An extens ion  o f  t h e  p r e s e n t  measure- 

m ~ n t s  on c a r d i a c  p a t i e n t s  i s  planned s o  t h a t  t h e  e f f e c t  of an impaired 

-.------- 
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c i r c u l a t i o n  and E l t e r e d  f l u i d  spaces  on t h e  radiosodium d i s t r i b u t i o n  

curve nay be  c l e a r l y  seen. 

more d o t a i l  t h e  recont  f i n d i n g  under t h i s  Contract  t h a t  t h e  t o t a l  body 

sodiun  space i s  a l m o s t  double t h e  normal i n  c a r d i a c  p a t i e n t s .  S tudies  

w i l l  a l s o  be m d e  of radiosodium c learance  from a limb as measured by 

t h e  i n  v i v o  count inb t e c h n i c  follonring i n t r n - a r t e r i a l  i n j e c t i o n  of t h e  

lirb w i t h  radiosodium. 

r e g i o n a l  muscle c i r c u l a t i o n .  

11. lad+:assium 42 d i s t r i b u t i o n .  A r t e r i a l  plasma concent ra t ion  

curves of K42 fo l lowing  intravenous i n j e c t i o n  have been obtained on 

normal i n d i v i d u a l s ,  and i n  t h e  f u t u r e  s t u d i e s  s i m i l a r  t o  t h o s e  de- 

s c r i b e d  above wi th  Xa24 w i l l  be c a r r i e d  out u s i n g  K42. 

of t h e  behavior  of E42 and iJa24 is d e s i r a b l e  because o f  t h e  @cdoF i: 
.3 << L ,  T - . &  - . I = LI .: - c  

i n a n t l y  i n t r a c e l l u l a r  d i s t r i b u t i o n  o f  potassium i n  c o n t r a s t  k o k @ Z  2 2 
.. ., c.- . - - 1  z 

: - 2 7  1: _ _  3 s  
r 5 ;  :: y . =  pre  domimiit l y  e x t  r a c  e l  Lular d i s t  r i b u t  i o n  of sodium. 

111. Gam-rair l a b e l e d  e r y t h r o c y t e s ,  An unsuccessful  a t temjj t -+as ,  . .  - 1 .. o “) .. .- 

been m d e  t o  l a b e l  human e r y t h r o c y t e s  w i t h  K42, which e d t s  &a- rags-: .- -. - + I. 

It i s  f u r t h e r  planned t o  i n v e s t i g a t e  i n  

This  method holds  promise as a c r i t e r i o n  of 

---- 

The comparison - .  - - - ~ - . -  - - -  _ - _  - :  

- . ? Z , ? - E  

- . c y  , L  ,2 ; ,5  
r ;f .‘ : 2 ; :  $ 

- ,_ . - 
> -. 

-_-I_- A--- 

.. _ -  _ _  
r- . - 

s u f f i c i e n t l y  e n e r g e t i c  t o  be d e t e c t e d  by  t h e  i n  v i v o  count ing  - kebhnie,+ h -  

F u r t h r  a t tempts  w i l l  be made u s i n g  o ther  gamma e m i t t i n g  iaobo@s t o .  5 .f“ 

l a b e l  erytlu-ocytes s o  t h a t  t h e  d w n i c s  of blood mixing may be: s tud ied  -2 

S F E b - : - E L  

E (r f. ?- c - 7 

c F 5 ;:::-< 
L ;  > s :4 - f y , j L . F E Z C > ’  

F *j - 3 -  

- I: - 
i n  v a r i o u s  t i s s u e  reb ions .  

N. Est imat ion  of body skeletal mass. Pre l iminary  experiments  have 

been c a r r i e d  out  on t h e  f e a s i b i l i t y  of u s i n g  rad ioca lc ium 45 f o r  

measuring t h e  t o t a l  calcinm space of t h e  body i n  l a b o r a t o r y  mice, 

so t h a t  t h e  s k e l e t a l  mass may be computed. This work is  expected t o  

I I b 3 3 2  I 3 
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Co.:tiilue* - -s  an n d j u x t  t o  t h i s  problem, t h e  i n t r a c e l l u l a r  d i s t r i b u t i o n  

of calciu;: is  boiag s tudied  by means o f  t h e  c e l l  f r a c t i o n a t i o n  t e c h n i c .  

v. T o t 3 1  -\oiy f a t  cle.t?E?>.rntion. Work cont inues  on t h e  development of 

a n  a i r  disp1acemer.t method Zor measuring t o t a l  body volume s o  t h a t  t o t a l  

body f a t  m y  be  es t imated  f r o m  t h e  computed v a l u e  of body s p e c i f i c  grav i ty .  

Progress  o:? t h i s  problem nas been slow because very  l i t t l e  t ime has  been 

devote2 t o  it; howxwr, it i s  a n t i c i p a t e d  t h a t  more t i n e  c a n  be spent  i n  

t h o  n3ar fu turo .  

VI. I n t r a c e l l u l a r  radiophosphorus d i s t . u t i o n  i n  t h e  l i v e r .  The 

t e c h n i c s  have been developed f o r  t h e  c e l l u l a r  f r a c t i o n a t i o n  of l i v e r  

c e l l s  of l a b o r a t o r y  rats i n t o  n u c l e i ,  mitochondria, microsomes and 

aquoous cytoplasm. 

f r a c t i o n a t i o n  of  eaoh of t h e s e  c e l l  f r a c t i o n s  i n t o  t h e  v a r i o u s  major 

g o u p s  of phosphorus compounds, viz ., t h e  a c i d  so luble  compo 

so luble  compounds or phosphol ipids ,  nuc leopro te ins ,  and phosp 

York has a l r e a d y  s t a r t e d  on a s t u d y  of radiophosphorus t u r n  

i n  t h o  v a r i o u s  chemical a d  c e l l  f r a c t i o n s  after t h e  i n j e c t  

l a b e l e d  phosphate. Dy t h i s  means it i s  hoped t o  o b t a i n  mor 

i n f o r m t i o n  concerning t h e  L n t r a c e l l u l a r  s i tes  of phosphorus +hb,olism..- 2 *< 

Following t h e s e  pre l iminary  experiments  it is expected t h a t  th6 $r'XnF:ipld 2 

-.------- 

It is  also p o s s i b l e  t o  c a r r y  out t h e  chemical 

- 
I -  - 

.' .< I. . .  - .2 .. . .- - <. , -- - ,,, -. - , 

- - -  I 
I t '- 

of  t h e  s tudy  of tu rnover  E t  t h e  c e l l u l a r  l e v e l  w i l l  be a p p l i e d I i u  L -  &he: < 
~ r -  - - 
? ? ? >  
- 

p r o b l e m  as y e t  not  c l e a r l y  f o r m l a t e d .  n r j  ~ _7 6 5 2  5 s 2 7  I s ? ; %  
~ . - - & 9 0 2 l o b & n  netnbolism. Although hemoglobin metabolism h a s  been 

s t u d i e d  e x t e n s i v e l y ,  v e r y  l i t t l e  i s  known of the metabol ic  o r i g i n ,  

tu rnover ,  and f a t e  of t h e  companion r e s p i r a t o r y  pigment myoglobin. 

I I b 3 3 i 2  4 
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FOUND EVIDATE FOUND 

E k p e s i m n t s  a r e  i n  progress  by which some m a s u r e  m y  be had of t h e  

normal r a t e  of tu rnover  of r a d i o i r o n  i n  ra t  myoglobin. In a d d i t i o n ,  

%t is expected t h a t  t h e r e  will be a v a i l a b l e  s h o r t l y  a t  t h e  ' h i t e  

Mountain Research S t o t i o n  ra ts  of t h e  same s t r a i n  which have been 

bred  at a l t i t u d e  through a t  l e a s t  one genera t ion ,  s o  t h a t  t h e  myoglobin 

concent rz t ion  and turnover  may be  compared wi th  t h e  sea  l e v e l  counter -  

p a r t s .  Prepara t ions  a r e  being m d e  t o  c a r r y  out  t h e s e  measurements a t  

9 i t e  ; b u n t a i n  w i t h i n  t h o  year .  

PERSOiWEL 

BZY<ELEY ~SE.RcI1  
r~ 

--- ---A 

... - -  - -  - - 
f .  - -  

-* - .. - P r i n c i p l  I n v e s t i g a t o r  -_- I -..---- - - 
2 :  

2 :  - I : 
- -  

- _  
Elello Pace, Ph.D.  , A s s i s t a n t  Professor  o f  Physiology 

. _ _  
II-- S z l a r i e d  --- Personnel  . - -. 

S a l a r y  provis ions  are be ing  made f o r  t h e  fol lowing:  one r 
e : : $ . - : $ ? -  

M.D., h a l f  time; two graduate  s t u d e n t s ,  h a l f  t ime;  and one a d m i h e r a t i v e  .' = . L  - 
*: - - .  r : 1 - -. 

a s s i s t a n t ,  20 per  c e n t  time. 
. -  , - - .  ~ - .  
.. 7 I . _ .  

l i t h o u t  S a l a r x  ---- 
A t  l e a s t  six members of t h e  Donner Laboratory of Medical 

c o n t r i b u t e  d i r e c t l y  and m a t e r i a l l y  t o  t h e  p u r s u i t  of t h e  work 

Contract  a t  no c o s t  t o  t h e  Contract .  I n  a d d i t i o n ,  it is a n t i c i p a t e d  t h a t  

t h e  s e r v i c e s  of s o m  of t h e  members of U.S. & V a l  Volunteer Research Unit 

12-2, Berkeley, w i l l  be a v a i l a b l e  t o  t h e  Contract  if t h e y  are volun- 

t a r i l y  r e c a l l e d  t o  o c t i v c  duty  w i t h  t h e  Off ice  of Ncvnl Resoarch, San 

Franc isco ,  for a d d i t i o m l  duty wi th  t h i s  Controct. 

I I b 3 3 2 3  
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I n  Chargo. --- 
S. F. Cook, Ph.D., Profossor  of Physiology 

Bo110 Pace, ?h.D., I s s i s t c n t  Profossor  of  Physiology 

Sa Icr i e  d Per s onno 1 ------.- 

Tho o i i l y  porsoiinol who roce ive  s a l a r y  i n  d i r e c t  connect ion wi th  t h e  

'.;ihito i;ow.itcia Rcsoarch S t a t i o n  a r e  t w o  c a r e t a k e r s  and n u i n t e m n c e  men 

a t  fcll t i n e .  The d u t i e s  o f  t h e s e  i n d i v i d u a l s  include t h e  c a r e  of t h e  

p h y s i c c l  f a c i l i t i o s  and oquipment o f  t h o  S t a t i o n ,  cis m l l  as t h e  care  of 

t h o  a n i m l  colony. ' They a r e  also r e s p o n s i b l e  fo r  d o i l y  moteorological  

ob so r v a t  i ons . 
- . . : . -  . -  - - - I  - .  _ .  

., - . - -  BUDGET 

Although t h e  r a s e a r c h  under t h i s  proposal  i s  t o  cont inue @ . a , .  '- . 
.- 

. _ -  I. ~ - - ,  

t h r e e  year  per iod ,  it i s  more convenient t o  f o r n u l a t e  t h e  budg 

y e a r l y  b a s i s .  

dividod i n t o  t w o  s e c t i o n s ,  one d e a l i n g  wi th  t h o  b a s i c  r e s e a r c h  

t h o  Cont rac t ,  nnd t h e  o ther  donl ing with t h e  a d m i n i s t r a t i o n  of 

Lountnin Research S t a t  ion. 

Furthor;nore, as mentionod sbove, t h e  budget is  

. .  
. -  

& d :  

:: 2 -  . . L'. __ 

P a r t  I - Berkoley Rosearch ---- 
PERSOIJIZL 

&Jar i e s  -- 
Rosearch ,,.D. a t  h a l f  t ime 

Two Graducto Studcnts  a t  

hn l f  time 8 3,120.00 

Adminis t ra t ivo L s s  i s t a n t  a t  

20 per c o c t  t i m  

3 3,300.00 

$ 1,128.00 

T o t a l  $ 7,548.00 
I I b 3 3 2 q  
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26 per  c e n t  of S c l a r i e s  3 1,962.48 

_ -  - -I I . .. - - 
-.,- 

R o t  i ronent  znd Insurance , - -. .. 
p_-__-L I---- . .- . .  . - - .  . -  .- _ -  S t a t 0  re t i rement  systom a t  8 3 p i r ,  . - .i ~~ >7 - _  ~ - -  . . -  - - ,  - -  _ -  - .  

c e n t  of s a l a r y ,  p l u s  $4.00 per-. ’ ’ - 
_ _  

porson, exc lus ivo  of studants . - -  354.24. 

Yior!aen1 s Compansztion Insurv lao  

2.t G.04 por &lo0 a d m i n i s t r a t i v e  

s a l a r y  and G.92 por $100 E . 

rcsoarch  s a l a r y .  

- .  

21 . -  . .  

TOT.~-L PiRPSOXliEL COSTS 

KPEISES E Q U P 1 5 l T  ___ _- -_- 
Radioisotopes, inc luding  shipping 

charges f rom O a k  Ridge,Tennossoe 3 900.00 

Shop work (glzss cad mechanical) $ 600.00 

h b o r a t  ory  s u p p l i e s  (Ckenucols , 

glassware,  2nd minor appara tus)  $ 500000 

Compensation f o r  h m n  s u b j e c t s ,  

a t  $2.50 per  hour 500.00 

Travol and chargos f o r  rosoarch  a t  

:%it0 Mountain Rosearch S t a t i o n .  $ 575.76 

TOTAL EXZENSES AND EQUIPLENT 

yE;.RLY TOT.‘.L FOR DZFZELEY R 3 S X R a i  

3 Y S . R  TOTLL FOR EEXELEY R3SX.IICH 

I I b 3 3 2 5  7 

$ 3,075.76 

$13,000 00 

$39,000.00 
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Pert 11 - ? h i t o  Kountain 
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