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ABSTRACT 

. <  .. .. . 

- -  -.-L The technology a n & - i n t e r p e t a t i o n  o f .  the. measurment-of the , to ta l ,  --:<:- . - , -  

' I .  I - .  
exchangeable p o t a a s l a m ( e )  in human beings 18 described. 

I .  

oxidi t lng  c e l l u l a r  protefn.  

3, Depleted hosp i t a l  p a t i e n t s  show a reduct ion In K t t  of  about 18 
I -, 

percent  below the  a v g r a e  normal. 

4. Erythrocyte potassium h a s  been measured in 67 pa t i en t8  and Imp4 

t o  be 7.5 peraent  below t h e  noma1 value in depleted p a t i e n t s :  a fhbh$'+;\. 
uhlch may be applicable t o  c l i n i c a l  problame. 

. . I . . .  . 
5. Tissue potaseium exchange phenomena continue under investigatiorr 

. _.a; c; .& &. . .y.< \* -,.r.v-, . , *r. . .. f' . 
~ _ -  ._ .. 1 * ,  

I ...*,+-: & < . ' *  
in vivo; the conduct of &e r e d  c e l l . w i t h  r e spec t  t o  potassium exchange 

in v i t r o  is also being  s tudied  at prerent. Detai led 'deBcript ion of %lifD-?:::-' 

work will be found i n  the t e c h n i c a l  r epor t  now in prepara t ion  and is not------ 

described in t h i s  s t a t u e  report .  

.y5 . .  ._ .- I .'Z ., 6 - &...w ., : .: ~ .. . _ -  -., 

._ , . >  " - - ~ . . i . .  - ~ , a ,  .,a<:, , I. x . ,  E,$. '~$~,hy,.:;zn;,,E' 1 ' ' 0 ,  . .I!...*., , . 1 -- . 2 
. ?  . 

' i .I k -". , 

7. Total  Body Water determinat ion continue as a principal e f f o r t  of 
__------ ", 

this Task Order and-In e igh t - ln s t ances ' gave  an average f i g u r e  for water 

content  i n  the human being o f  70.9 percent  of body weight. 

8. The technology of deaterim measurement emp3.oyed-in the t o t a l  body 
.*, . . .  

water method, is reviewed. 
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"A STUDY OF CELLULILS BIOCILENISTRY 
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May 1947 through December 1947 

b t r o d u c t o r y  n o t e  - In  t h e  previous progress  r epor t  da t ed  30 Apri l  1947 

a l l  aspects  of the potassium work under w a y  i n  t h i s  Task Order uere  mentioned. 

The reader is r e f e r r e d  t o  t h a t  r epor t  f o r  the  e a r l y  work in ur ina ry  excret ion 

o f  radioact ive potassium < "  and for background 1 -4 information _ _  -, 1 .  relative . . II ._., P * i &  t o ,  *' other.  ,.--\ - .  > --, 

aspec t s  of t h e  research ,  In this  sec t ion  of t h e  p re sen t  s t a t u e  report  att- 

t i o n  Is d i r ec t ed  c h i e f l y  t o  the  measurement of thQ t o t a l  exchangeable potassium, 

'and t o  the intravenous nee of potasslam-glucose-smino ac id- insu l in  combinations. 
. r. * . . ,_,, 

I . .- \: .; y 
I n  the second -section of t h i s  r epor t  t he  d e u t e r f t h  &&*now' G- progrer8 --. _*- 

./I-. , .. - 1 , -  L '  - L ._  ..>,,e.- .*,-,* . * ~  

., 2. . 

2. !?hirty-two of t h e s e  p a t i e n t s  have been the sub jec t  o f  s t u Q  Of the 

pene t ra t ion  o f  i n t o  b o d y c e l l s  by the d i r e c t  analysis o f  t i s s u e  and blood 

c e l l s .  
- .. -. -- - - . - .  

3. Tventy-seven p a t i e n t s  have been on complete metaboi ic  balance study 

t o  provide a background of information by means of which the i so tope  s tnd ie s  

may be interpreted.  



- 2 e?. , 

cant  f r ac t ion  of body weight and measurement o f  i t s  mass h a s  never been 

ava i l ab le  by d i r e c t  means. Phe " l e a  body ma881 may be p red ic t ed  to  'be 

hlQlly r a r i a b l e  r e l a t i v e  t o  body weight because of i n t r i n s i c  v a r i a l i l i t y  

.. 

- - - *  . . .  
--and fat content, and t h e  weight of skeleton and c o n h c t i v e  tlasll8.--.IOth~~~--'-'-'. 

modes of expression f o r  e: such as "mi l l iequiva len ts  per square meter Of 

body sur facem,  nml l l i equ iva len t s  pe r  cubic cent imeter  o f  plasma roImea, 

a1 " a2 
t -  



. in  hopor of finding a basic r e f e r e n c e  po in t  against w h i c h  the. m a y  be A - I r  . - I I' w,& , , - ,  c 1  f 

4 .r, 
3 -.. e! I - - .,* .. . , &. ,-.. . --, , . ---+ i_ - 

-&;s-;,+ $&. ;,/ -. .L " . .  I . _  . -*..:&. . . c,l . L1' .I 7 : . ~ 

.. 

, -  
c -. . 1 .--- : . ~ p r e i m e ~  . 

I. 

~ . *  . 
4. !be  l ack  of l a rge  dif ferences  i n  the  v&er of e l n  nick 8s yeream 

v e l 1  pstient8, i r  t r aceab le  to this d i f f i c u l t y  in  finding a constant reference 

point. %is Will be made 01- by considering, for example, a patient rho ..- . 

6. The erythrocyte  as an i nd ica to r  of c e l l u l a r  K steres cont iaues  

to  occupy at tention. Eqr thracyte-  potassium determinat ions have been ca r r i ed  

out  i n  t r i p l i c a t e  and quadrupl icate  i n  67 c a r e f u l l y  s tud ied  individuals.  

h o s p i t a l  p a t i e n t s  and normal ambulatory grofeasiondl  staff. !Fhese data 

r evea l  the  fol lowing information: 



405.5 378.0 
t r  31 

erythrocyte potassium also have a r e l a t i v e l y  low ery throcyte  potasaiam content 

p e r  uni t  of e ry throcyte  hemoglobin sugges t ing  tkat  i n  the  presence of deple t ion ,  

more IC leaves t h e  c e l l  than does hemoglobin. 
- _  - 

4 9. Potassium exchange curves i n  t issue have been fur therdocumented  i n  -' 

surgical  pa t i en t s .  

a r e  i n  physical  equilibrium wi th  r e fe rence  t o  the exchange of K42 f o r  It 

approximately 24 hours af ter  a s i n g l e  in j ec t ed  dose o f  lez. 
K42/X39 ratios r e f l e c t  s p e c i f i c  a c t i v i t y  condi t ions  i n  all t i s s u e s  s tud ied  

With the  exception of t h e  r e d  c e l l  d l  t i s s u e s  s tud ied  
39 

llbe ur ine  



42 program of investigation of potassium metabolirm. Patientr receiving 1 

for the calculation of e: are on-eomplete balance atudy'whenevar feasible. 

- . .  - .. ~. 

.. 

!f%e 8 t U d g  of poreoperative change8 remains a feature of the research in 
---. - - - . ___. . - -- _---_- .-- - z _ _  4-:=-.-... 

< many caierl' me negative-nitrogen b d i i c i -  aid-negaiive potaaaiam ~ _. - -  balance . . - = :- t-., - -! 

qfcompanied by positive sodium balance which have previously been described 
$ 

as occurring in post-operative patiente have bean observed in virtually all 

our  Cases. 

positive B balance i n  m a n y  instances. 

The resumption of positive X balance antedates the resumption of 



added K C 1  at a f i n a l  concentration of 20 mil l i eqn iva len t s  per l i t e r  and -aa@o 

a c i d  at 0.5 grams per  grain of  gluco-se o r  0.375 grama per kilogram pe r  hour. 

. r  - -. e.- ' 

Sui t ab le  adminis t ra t ion  of  t h e  B vitamins is malntained. This entire mixture 
~ -- -,- 

- . -  -- 
. 1 i l a ~ ~ ~ e f l ~ . : t o l e r a t e d ~ w ~ l t ~ e u t ~  loca l  or -eystmic.-reaction. 90. avoid - A -  traqe-eat WS-? s 

period of hypoglycemia fol lowing the int ravenous adminiatration of glucose- 

insulin combination a nchaaerw o f  5 percent dext rose  In  water is administered 

f o r  a half .hour. !he balance e f f e c t s  of thir n u t r i t i o n  a r e  being azl.dYzed at ? 

t he  Bresent time. 



2. Sight measure?aentr of t o t a l  body water fn seven haman p a t i e n t 8  hsva 
n 

been completebrto date y i e l d l n g  an average t o t d  body water of 70.9 peraii~~k+~- . -.r .&. :* . * , -,y'. f 
-/ ,*1 . . I.- - .  ~ of  body &i&*:' .. . ~ 

3, 'Pecbnical problems of g rea t  i n t e r e s t  a t t ached  t o  t h e  a n a l y t i c  paran. 
- 1  

i 

t o  .02 seconds with the e l e c t r i c  clocks employed. Using a temperature f o r  - -- - -  .. 
-. 

the  or thofluorotoluene tube -o f  27.06 degrees Centigrade and a drop s f s o  vhich 

has a felling t lme(for  d i s t i l l e d  water) of 90 seconds, . thir  t iming apparatur 

accuracy i n  teras o f  deuterium concentrat ion I s  equivalent  t o  .OoO1 atoms 

percent D. f h l r  i s  approximately th ree  times the des i red  accuracy and 18 

not a limiting factor, 



. .  
d l r t i l l e d  va9or estl,OOl percent D and an accursoy of e001 peFcent D, a.lor8 ;,'- .p.-.-$-+;+->i 

of a f s c t o t  of ,10 over the acca racy  obtained by the time measnreaent alone. 

8, Water p u r i f i c a t i o n  remain8 rn outstanding problem in accuracr aad .a 

. .  ..bl'-:. - .f -,'.i. . -2 .- . il. il e . { 
t . *>,', 

' * I - : '  -- 

~ I. 

.. ._ .. . . . .  

. .*. . - .. 1 - -  . ... 

D cons t i tu tes  a 10 percent  error when dealing with total concentrat iono of 
. . . . 

__ . . _.. . . 

0.1 percent D. In  p r a c t i c a l  t e ~ ~ o o - t h i - s ~ m e a n s  t h a t  i f  approximately 50 Cnbic 

cantimetere of  100 percent I) O(obtained from t h e  Atomic Energy Commission) 

iji -fn3&iea- .ffi%--u .paVi&u. of nbr-ni& bobp:w<i&b, e d  ~t-he_.fin-~..concentration --.- --- ---. -.: 

obtained is approximstely 0.1 percent  D, then the  t o t a l  body w a t e r ( t o t a l  < 

exchangeable hydrogen) c a l c u l a t e s  out t o  50,000 cubic cent imeter8 of water. 

Ten percent e r r o r  therefore  assumes the  magnitude of 5 l i ters.  

2 
- -  - . .  

-'. . i  

1 
The D20 space 



by a f ac to r -o f  10; -i t .would a l s o  be poee ib le  t o  increase the t o t a l  doee'of 

4. . ~ 

D20 by a f a c t o r  of,6,.an increaee which ie almort p r o h i b i t i r e l y  expen8lre. . ._ 

10, At the'present time we we o f  t h e  opinion t h a t  the des i r ed  

. I .' 

c 

o the r  workere in th i s  field. One l abora to ry  which has had experience in 

denterium measurement for approximately 10 yeare use8 H2 produced by t he  

reduct ion of HzO over zinc in a micro mrnbuet~on t r a i n  and aeaaured in a 

.. - ~ - .  

~. ._ __-_. _ _  -- - - -  ----. - ~ 

.. 180. de&e4..-jie@ -s$eufrometer-- . &Zuiir"aCy-.6y t h i 6  mett ibd-theoret ical ly  - .  COG& -1.. -=I 
. -  

be obtained t o  ,002 percent Do However, data from t h i s  instruerent d i sp l ay  

variations of .02 t o  ,03 percent  I) not infrequent ly ,  This Varia t ion  is as 

lmge o r  larger then that now obtained wi th  the  falling drog apparatus. 



\,, .. . I .  . -  . .  
' .  . - 1 0 -  . 

.. L. I'. . 

12. I t  I s  i q c r t e n t  to bear  IP mind that the--analyt ic  requiremente f o r  

various worLer8 In th i s  field w i l l  vdirp i r i t h  the .b ib logica l  jirobl&i-Ki~er----? I- '?? -..-. 

invee t iga t ioa .  

h o e d  from u r ine  or plasma, for  t he  end point determination. 

therefore  n o t  a l i m i t i n g  fac tor .  

I n  paragraph 11 above) who a r e  studying t h e  gvnthet ic  incorpora t ion  of 

deuterium i n t o  organic molecules employ the products  of  corn'bustion of  amall 

In our work large q u a n t i t i e e  of d i s t i l l e d  r a t e r  c m  be pro- 

Qnantity i a  

Many workers(euch as t h e  group mentioned 

. 

q u a n t i t i e s  of organic so l ids .  I n  t h e i r  work small q u a n t i t i e s  o f  H2 a r e  

produced. and the  use o f  the mass spectrometer i s  virtually essential because .' 
_ .  

of the 9 d l  q u a n t i t i e s  involved. It  should a lso  be noted that in much 

synthetic.work accaracy o f  3 percent  a t  t h e  l e v e l  of 0.1 p r c e n t  D is not 

required,  whereas t h i s  accuracy is a fundamental requi resent  in o u r  measare- 
. -  

merit of t o t a l  body water. 

13. Deuterium amlyeee  on t h e  mass spectrometer by the direct a n a l y s i s  
" .* t :>29 . .  

of the  densi ty  of HzO va?or involves many p i t f a l l s  which have been irivesti- 

gated and have not been surmounted at the present tinto, , f  

14. I t  i e  poerible t o  e q u i l i b r a t e  gaseous hydrogen with H &D,o mfxtwer 
1 . .  2 .,:..*. 

and attain a DEI ratio i n  the  supernatant gas which i s  smaller  than the  DH ratio /- 
!\ 

opposed to e l e c t r o l y t i c a l l y  produced hydrogen or reduced hydroges m y  then 

be r u n  i n t o  the mass Spectrometer f o r  aqalysis. Fkqerience has not been 

suf f ic ien t  t o  make any statement regarding the ascuracy o f  this rcethod. 

15; The gradien t  tube as-developed b y  LinderstroiwLang and o tke r s  gay 

b e  u e d  f o r  deuterium concentrat ion measurezent. We have had e q e r i e n c e  w i t A  

t h i s  nethod in our l abora tory  and at  conceotrat ions of  0.1 percent  D t h ree  

percent  eccuracy Is v i r t u a l l y  unobtainable. Nicrof lotzt icm apparatus  ha0 -x?m 

desigzed f o r  deterraination o f  small concentrat ions o f  deuterium. 'This method 



The use of the a a s e  spectrometer holda g r e a t  paomisa for sam-ple ueasurements 

but,  pending t h e  elaboration of t echn ica l  d e t a i l s  i n  other laboratories, thio 

Task Order w i l l  continue t o  d i r e c t  i t s  efforta toward per fec t ion  of the f a l l i n g  

dro? method, an e f f o r t  I n  which large s tr ides  have been made during t he  l a s t  

aix months of 1947. 

i 

t 
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1. Intracellular Biochemistry in Surgical Patients by Francis D. Moore - 

s d n a r  delivered at Department of Biochemietry , Barvard Medical School, 

20 October 1947. Bot publiahed, 
. 

2. The Use of Isotopes in Surgical Research by Prancla D. Moore - Surg. Qm. 

3. A Stud7 of C e l l u l a r  Biochemistry i n  Surgical Pa t i en t8  - Technical Report - 
In p r e p r a t i o n .  
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