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. .. ABSTIQCT . -  - - -- - . 

l'he,.folloyi,ne r e n o r t  deals with those methods and pre l imina ry  
r e a u l t s  which have been obtained i n '  a 'etuqv of  cell n u t r i t i o n  in surglcal 
p a t i e n t r .  
potassium(fi2)  i n  the  study of notassium metabolism, the  correlation of 
ewerimento1 methods t o  'be emnlo:red, the  yse of the f a l l i n g  dron apparatur  
for deuterium d e t e r m h a t i o n r ,  and the c a l c u l a t i o n  of t h e  t o t a l  exchangeable 

Technical woblerna have r e l a t e d  t o  t h e  use of r a d i o a c t i v e  

b a y  K. 

Our in i t i a l  f i n d i n g s  may 'be summarized 'by stating t h a t  the p a t i e n t a ,  
both well .and ill, e x h i b i t  a remarkable constancy in t h e i r  metabolism of 
a single t r a q e r  Mse of  X42. 
measured by d i l u t i o n  of $2 v a r i e s  over a wide range and is as p e t  d i f f i -  
c u l t  t o  i n t e r p r e t  r e l a t i v e  to  body weieht. Other r e fe rences  for ca lcu la-  
t ion  a re  be ing  s tudied .  
trauma, mart from that e m c t e d  t o  fol low the  loss of n i t r o c e n  inc ident  

. thereto.  
indecendenk of n i t rogen ,  which might be i n t e r m e t e d  AS' a l t e r a t i o n  of intra- 
c e l l u l a r  chemiatry without  loss of pro tonlam.  S tud ie s  on c e l l  equi l ibr ium 
w i t h  K42 i n d i c a t e  that t h e r e  is a non-erchangeRble f r a c t i o n  of ?o tass iumdn 
red  c e l l a  end t h a t  t he re fo re  t h i s  c e l l  cannot be used f o r  t h e  c a l c u l a t i o n  of 
total  bo@ potassium, but tha t  a f t e r  40 hours the n o t a s a i m  i n  urine, muscle 
and, nlapma h ~ 8   reached eaui l ibr ium. AIP of these a c t i v i t y  r a t i o s  m v  there- 

at e a u i l i b r i i h  h a  hence of the tcbl f o r e ' % e  u s e d ' f o r  the c a l c u l a t i o n  o f  
exchangeable lC. 

as the  m r c h l o r a t e  hap been devel&ed and 1t-t 'being f u r t h e r  s tudied.  

The total  body exchangeeble -I . 1 8  potassium 

We find no s t r i k i n g  U d i u r e s i s n  of notasslum after 

t i i th  rare exceut ions we have not  observed naas shifts o f  Dotaesium 

$ 
A simple b e d s i b  method of es t ima t ing  u r i n a r p  notasai\un by m e c h i t a t i o n  
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s i n o l e s t  tyne of study has bePn termed t h e  "Potassium Tolerance T e a t n  and 

nrovi8es a mmsure of the s t a t e  of  -oot,asqium metabolism at  t h e  time of 

the i n j e c t i o n ,  

b. Five aat i e n t g  havb hbd s t u a i e s  of n i t r o g e n ,  potassium, eodium and 

_ _  c a l o r i c  balance carried out without isotone i n J a c t i o n .  This simple type '. 
of belance emeriment VPS carried out wholly for the nurnose of c o n t r o l  

and develomnent o f  c o l l e c t i o n  technic.  

c.  I n j e c t i o n 8  o f  fl2 coincident  w i t h  'balance s t u d i e s  have been ., 

carried out in Sixteen Datienta.  

controlsa and. serfousl:. ill satients, including some who were s o . ' l l l  that 

These n a t i e n t s  have been b o t h  "normal 
. .  , ~4 

they $.urine t h e  wrfoc? of observation. The combination of balance , 

studiea ana isotope i n j p c t i o n s  Demit a more nearly comlete d m i c t i o n  of 
r ,! $($ potassfurn m e t n b o ~ i s ~ i  thar; eithbr one alone. 

- 1  

d.  In tvnt -one  DAtientF, inclur ' inp SOTT of those  nent ioned a9ov6, 
C' 

not o n l r  have comnlete bplances been c a r r i e d  o u t  w i t h  stur'v of t h e  metabolism 

o f  t r a c e r  doses of  f12 ,  b u t  i n  add i t ion  the  s n e c i f i c  a c t i v i t y  ( g) r a t i o s  

have been determined in t l s s a e s  and. bo+-* f l u i d s .  The tissues have 'been 

obtnined a t  ooe ra t lon  and. have cons i s t ed  of muscle, both smooth muscle and 

s t r i a t e d  muscle, L ive r ,  nancreas, bowel wall., stomach w a l l ,  and cancer t i s s u e .  

The bod:. f lu ic?s  studied have been ur ine and nlasma. Fled c e l l s  have been 

extensively studiefi. r e l a t i v e  t o  e-change o f  f l a .  
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1. bcr ioact ioikv Ted- ~. .,. 

a. E- of @2 in hu mRn r p t l e n t q .  Our work wi th  fi2 dates back 

to  the earl:. mring o f  1946 at which time I@ was. obtained from t h e  cyclotron 

a t  Massachusette I n s t i t u t e  of !!'achnologr. !Chi8 material was o f  re la t ive ly  

low s p e c i f i c  a c t i v i t p  due t o  the unfavorable  "canture c ros s - sec t ion*  of X am 

compared with lVa. Commencing i n  October 1946 we have obtained e2 from the 

uranium p i l e  at Oak Ridge, Tennessee. 

The ahiwnent and handl ing  of t h i e  s h o r t - l h e d  i s o t o n e  have brotlded 

some i n t e r e s t i n g  problema. The X42 is shinped to  Boston by A i r  Yxpress. 

Other workers who are emnlo-ing shor t - l i ved  isotopes(X42 has a half-life'of 

12.4 hours) should be aware of the  fact  t h a t  t h s  A i r  h r e s s  s e r v i c e  iu not ' 

.*I , I .  

ae 'pet who1l.t. reliable f o r  isotove transnort. The shinments arc3 occaeionall7 

lost in transit p d  occasionall:? removed from ~ l . ~ n e s  without any given reason.. . .C 

I Vqon arrival In  Qoston this mterlal i a  nrocessed bp an isotone pro- 
. ,. ~~ 

1 ;'i;+t 

ceseibg laboratory onerati$- comw rciallp. me.'t&get is obtained 01s a '-' c- 
Dowder of K 2 C O 3  and  for t h i s  reason $elf-a\sornt ion i s  minimal. For t h a t  

reason the i so tone  i s  a t  i t s  most i(anqerous s t a t e  when i t  is f i r s t  obtained 

i n  the dry. conr ' i t ion.  A t  t h i s  time i t  con ta ins  a t o t p l  a c t l v i t q r  of  

annroximatel? 30 me, 24 hours a f t e r  removal f r o F  the n i l e .  I t  should be 

handled 0111:. b- s n e c i a l  nersonnel  u s i n g  mecia1 instruments and observing 

s n e c i a l  precaat ions.  We have Piwide$. Unnecessar:' e m e n s e  by having this 

** done i n  a laboratorw which wag esnec ia l ly  cons t ruc t ed  f o r  such purposes. 

Accortring t o  methods developed t h e r e  und.er our ? i r e c t i o n ,  t he  R$03 is 

d i l u t e d  i n  8 . i s t i l 7 e d  water and brought t o  a nF of  7.0 by? the  a d d i t i o n  of  I-!cl. 

* m e  t o t a l  v e i h t  of the  ghinment nlus container  i s  atmro-imatel? 140 DoUnde. 

**Tracerlab,  55 Oliver S t r e e t  , 3 s  t o n ,  W i l l i m  3arbour. D i rec to r .  
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c o n e i t i o n  it I s  broukfit t o  our l a b o r a t o r i e s  a t  t h e  l!assachusetts General 

Eosnital .  Eere i t  is f u r t h e r  Pilutec! t o  a concen t r a t ion  of 60 mE/L, the”’ 

QE i s  again checked and the m a t e r i a l  i s  autoclaved. 

i n t o  Rdult human p a t i e n t 8  at a concentrat ion of 60 d / L ,  the  tota l  amount 

It  is then i n j e c t e d  

indec ted  never exceeding 75 CC. The t o t a l  a c t i v i t y  i n j e c t e d  v a r i e s  between 

0.05 and 0.5 mc. 

of rubber and l e8d  l h e d  gloves,  t he  weRring o f  badges by all wrsonnel, 

s t o r a g e  of t h e  concentrated i so tone  behind lea+. mc? the  avoid-ance of bersonnel 

Sa fe ty  precaut ions taken i n  our laborator:. include the use 
’, 

.enosure t o  any of t h e  h i #  A c t i v i t y  solutions.* 

b. Detect ion and measurement. A f t o r  i n j e c t i o n  o f  the r a t i o a c t i v e  

material i n t o  the  nat ient ,  s-mnles of \loo?, u r i n e ,  RnF tiesuc, a r e  taken at 

arroronriiite times, The eaer lments  have been a l m n e d  w i t h  r e l a t i o n  t o  

o n e r a t f v e  Drocec‘ures 0 0  that t i s s u e  i s  obtained a t  neriods which w i l l  be of 

simiftcance. . Urine 1s menarea f o r  ar t i v i t y  measurement.by eimnle evapo- 

c 

I , LC 62,: 
r a t i o n  ~n A small Rehing caaeule. 

s u f f i c i e n t  wan energy so that self-absornt ion e f f e c t s  a r e  minimal if 

%e b e t R  r a f i i a t i o n  of IC42 is of 
I .  . -  , I _  

I. - . . 3 -  : . 
i- 

orc?inar,v nrecnut ions a r e  taken wi th  bogy f l u i d s .  Plzsma i s  d i f f i c u l t  t o  

measure accura t e ly  R f  ter s e v e r a l  hal f - l i ves  have elansed because of  the 

l o w  potassium con ten t  of nlasma. We have the re fo re  seen f i t  t o  ob ta in  

f a i r l y  large amounts of nlasma(5 t o  15 CC. a t  each e m v l e ) ,  n r e c i n i t a t e  

the n r o t e i n ,  and r e a d  the +2 on t h e  n ro te ln - f r ee  f i l t ra te ,  
. .  ._  _ _  .*. -. r -. 

R e d c e l l  

a c t i v i t i e s  a r e  measured by l a k i n e  t h e  c e l l s  w i th  d i s t i l l e d .  r a t e r ,  wreciDi- 

tating the p r o t e i n ,  an? me.?suring the g42 on t h e  Drotein-free f i l t r a t e .  

* Early work with t h i s  Oak Bidge I@ &owe?. t h a t  though nure Saker‘s Analyzed 
K2CO3 is used P S  the s t a r t i n g  mater ia l ,  t h e r e  vas a r e l a t i v e l y  long-lived 
radio-contaminant Dresent. F u r t h e r  i n v e s t i g a t i o n  showed th i s  t o  be pre- 
c i n i t a t a b l e  with K as t he  t p r c h l o r a t e ,  an+ t o  have a h a l f - l i f e  o f  amrovimatelY 
21 da:-s. I t  i s  surmised t h a t  t h i s  is ru5idium86, h R l f - l i f e  19.6 da!’s. The 
removal of a l l  t r a c e s  o f  rubidium before cmosure  of t a r g e t  X 2 C O 3  t o  neutrons 
i s  3 t r 0 n e l : ~  urged. 
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TiPsues a r e  measured bp d e  ashing i n  a c r u c i b l e  over an ooen tlame a t  a 

teqe).atW,e o f  -ap?roTiFte&v 6OOOC. The ashed eample i a  then d i s t r i b u t e d  

evenk in a porcftitiin aahing capsule by the addition o f  a small, amount of 

HC1, Control experiments have i a i i c a t e d  the acc!u& and renrodrlcibllity 

of these methode. 

I I* ( I "t,- . . <  ,.. nq5 .,P;',.P:."'.~ ".I&, -.. 
5 .  

. ~... I ,  

, I  

The ohysical e a u i m e n t  c o n s i s t s  of R aide wall %eta ray counter  

a t tached t o  a scaling circuit.* The background o f  t h i s  amaratus ranges . .  
f r o m  70 t o  80 cnm. All of  our saranl~s are at least t w o  t o  t h r e e  times 

backpound and the greet majority of them a r e  m&rorimrrtely twenty times 
%ackground. . ,  

2, CorrPlat  ive Elec  t r o l v t e  ?hasurementg. 

a. p 39 analPseg. '&henever a +2 determinat ion ha8 been c a r r i e d  oat 

"a concomitiint' de te rmina t ion 'o f  K3' in the  same tissue or body f l u i d  ha8 

also 'been obtained. 

emcific a c t i v i t y (  

Without , t h i s  data i t  is imnossible  t o  comwte the 

2) ratios and for that reason t i e  determinations of ~ 

+:ap9 are fUllp.aa A m p z ? + m t ,  a6 t h e  isotone data to. the i n t e r p r e t a t i o n  2fj8 

- 

- % I _  
.- . n . i r r  _-.. . .s,..l.;x.,%.; 

s§ 
- ;,lr ~ .a. _. . -  

r e s u l t s .  The K39 d e t P m i n a t i o n s  have bcFn made by t he  c o b a l t i n i t r i t e  

DreciDitation method o f  Piske and Lil3rczek. 

b. Ealanceg . Ralance s t u d i e s  haire been c a r r i p d  out b:r the customary 

technics  involving n u a n t i t a t i v e  coll=rtions of n a t i p n t s '  u r i n e  and f e c e s  p.8 

w e l l  as auRnt i t a t iPe  measvrenents of d l  intakp o f  f o o d ,  n a r e n t p r a l  fluid., 

e tc .  In addition, drainage from o v n  wonneLs, o r  from gas t ro - in t e s t ina l  

f i s t u l a e  o r  tubes has been measurpd an? analyrzed. Ooprative blood loss  is 

measure?. Sodium determinpt ions have been carried. o u t  by the  uran:-1 zinc 

a c e t a t e  metho3 of  B u t l e r  m.3 n u t h i l l ,  a n d  n i t r o e e n  > t r  Icjddahl detprmination. 

' 3  

* "Autoscaler" 
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rium Mewreme& ar ZWk The detPrminRtlon o f  t o t a l  boQ water l e  an 
.. *',' ' . I  

i n t e g r a l  p e t  of t h i s  program thou& still i n  technological devtlo&mt 

until recent weeks. The r a t iona le  f o r  th is  technic  has been nreViOUSIp 

described.* 

c e n t r a t i o n  was determined by means o f  the gmclieht tuber 

At the time our  i n i t i a l  work vas &&led o u t /  deuterium con; 
1 

lhis method, 

however, waa found t o  be var iab le  an$. u n r e l i a b l e  uniess time-consuming 

precaut ions were taken. Tor  this  reason a s h i f t  t o  the fall!.ng drop method : . .  

has been c a r r i e d  out, 

The deuterium s tud ie s  c a r r i e d  out  t o  d a t e  under t h i s  contract have 

cons is ted  largelp of designing and e r e c t i n g  th is  new apyaratus ,  and for . 

t ha t  reason onl-r a few measurements have been c a r r i e d  out i n  n a t i e n t e .  

A Constant-temperature bath was constructed which embloyed a mercury 

thermoregulator, e l e c t r i c  heat ing,  water coo l ing  ctnd high-power s t i r r i n g .  

Init ial  exyeriments with th in  ba th  showed i t  t o  suffer from severa l  fau l t s ,  
_ .  

. . c h i e f l r  lack-"$- . . . e g f i c i e n t  .- i t .  c?epth, -̂.I. . and vibrat ioq# - !!he bath ? : - v F b . ' < 4  waa therefore  .-i, g!-*;Y * -. . i 
. 1 . * r.; . 

-.A, 

dou5led i n  denth and the  s t i r r i n a  motor  attached t o  se-arate f i r t i i r e s  
c3 

r e s u l t i n g  i n  much more s a t i s f a c t o r y  oneration of the bath. The overa l l  

t e m e r a t u r e  v a r i a t i o n  hovever s t i l l  amountad t o  mnror imate lv  .0loC. T h i s  

was too l a r o e  t o  nermit rP~ro?UCibl.P Censi t - r  r ead inm an3 f o r  t h a t  reason 

methoe-s were sought t o  l i m i t  t h i s  temDerature var ia t ion .  The final method 

selected. Vras the s imnlest ,  namely t o  build. mother  small water b a t h  within 

the o u t e r  bath. This  mounts  i n  essence to an Inner water j a c k e t  f o r  the 

f a l l i n g  dron tube, with a senarate  s t i r r ine  moto r  a l l  nlaced inside the 

la ree(4n  ga l lon)  bath.  

*SCIEDCE, V o l .  104, 157, 1P46 

%is i n s t a l l a t i o n  nroc?ures a "buffer ing  e f f ec t "  on 
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the ter&eratuFe vsriation of  the'outer 38th and has been found t o  'be 

extremeLv satisfactory. 

o-fluorotolubne drononiag tube can be held t o  temperatwe v a r i a t i o n s  of 

Using the "bath within a bath" method the 
. - (I .:: r - * .  

l eas  than .O@loc for  mhnp hour8 at  a time. 
. I  

By these methods we have been able t o  obtRin linear r e s u l t s  with 

di lut ion8 of  deuterium i n  the range of ,Ol t o  0.1 atom percent d e u t e r i m .  

This degree of accuracy w i l l  enable us t o  determine t o t a l  body water of 

noma1 s ize  adul t  patients b!r the  use of mnrox iaa t e lp  250 cc.  of 50 percent 

D#. 
'excellent checks, i n a i c a t i n g  t h a t  the method is now s a t i s f a c t o r y  f o r  c l i n i c a l  

. .  

Two experiments ln m t i e n t s  have 'been carriedbut an& yielded 
'~ 

use. 

Expected release of deuterium from the Atonic Energv Commission may 

Dlake t h f e  method even more practical. .with l a r g e r  amount8 of D20 ava i l ab le  

it m a y  be poesible t o  determine tota l  body water with amounts o f  deuterium 

which w i l l  give f inal  d i l u t i o n s  of apmorimRtelp 1.0 atom percent. This 

. w q i g h t  of D20 w i l l p r p i t  accurate ap~lyses with . v e p  si rale  apmratus and 

is  a method which can b e d a n t e d  t o  almost any laboratorg. 
*+x!. , ^ .  . . .... .2 V d "  . I .  I - -11" ' 1 1 ,.?q.+%y .'.- ~ . &&L,i7.. . .u * .+y 

e -  
. r ?, ..: 

With t h e  preeent f-' 
lack of a v a i l a b i l i t y  of D S ,  however, a v v r a t u s  must be s e t  un which is 

caqable of f i n e  d iscr imina t ion  i n  orgpr t o  determine t o t a l  bodp water. 

111, R3StTTS 

a. Red c p l l  n o t a a s i m  content.  A8 R f i r s t  avnrou imt ion  i t  was 

consir'prpd t h a t  the notassium content of the red cell.  mipht orovide a roueh 

barometer o f  i n t r a c e l l u l a r  Dotassium reserves in o t h e r  bodq* cells. h & J S c S  

o f  red c e l l  votassium c a r r i e d  o u t  on man:' na t ipn tg  i n  va r ious  s t a t e s  O f  

va r i a t ion  i? Dotassium content.  Potassium tends to  move with the  hemoglobin 
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r a t h e r  than ine.eoendentlp and we h a w  obtained very l i t t l e  evidence that 

a l t e r a t i o n 9  in red cell aotassium r e f l e c t  i n  m y  w%v t h i ' i n t r a c e l l u l a r  
.. ~ - _  - _ _  . - ..-.-. ,..- r--.- . . .  - , .  ~ - -  

. .  
?I - 2  *.d -- . - . . - -  . - .  - _  _ _ _ _ _  - ,  

chemistr? of o t h e r  bot- c e l l s  which differ from tho red c e l l a  c h i e f l y  ln 
, ,  t h e  presence o f  the  nucleus and a more heterogeneous nroteln 8:rstem. 

AddStionPl Pe-dencp r e l a t i v e  t o  thr r a t h e r  aeculiar s ta te  of motessium and 

Drotein i n  t h e  red c e l l  is desc r i5ed  below. 

da te .  3. Axchancre After t he  i n j e c t i o n  o f  K42 studipe of  bo!y f l u i d s  

and t i s s u e s  have permit ted t h e  cons t ruc t ion  of e-.chAnp C W V P S  showing the 

f a l l i n g  m e c i f i c  activit:? of K42 i n  the e r t r a c e l l u l a r  f l u i d  - plasma, Urine - 

W 

and the risq.n@ specific activ1t:r of votassium in c e l l s  - red c e l l ,  muscle, 

liver. A t  a m r o x i n a t e l y  40 hours  a cond i t ion  of  equilibrium ha8 been obtained. 

However 5.t i s  of i n t e r p s t  t h t  the s n e c i f i c  a c t i v i t y  of the potassium in.the 

red c e l l s  under t h e s e  eau i l ib r ium condi t ions is n o t  eoual t o  that i n  mine, 
. -  

Dhma or muscle. 

the ootasslum i n  the red c e l l  i s  n o t  exchangeable with olasma potassium. 

We f ind,  in o the r  wordg, that approximately one-fifth of 
' - ,, 

One mast concluc?e from this that a moiety of intrmellular K i n  the red cell 

is. "'bound" or non-polar and not  e r c h m p a b l e .  
i'.<-. 

The fi2 r a t i o s ( s n e c i f i c  activit!?) of u r i n e ,  vlasmR, muscle md.other g 
t i s s u e s  shot* c o n s f s t a n t  ecluilibrium conili t ions a t  40 hours. P r i o r  t o  that 

time the re  are v a r i s t i o n s  i n  t h e  c u r v ~ s  which are of some t h e o r e t i c a l  i n t e r e s t  

but which we are not  A S  ye t  nrenared. t o  i n t e r n r e t  i n  detRil .  I t  the re fo re  

follows t h - t  i f  one is measuring the t o t a l  bod:- eychmgeable notassim bir 

? € l r t l o n  o f  X42 ' the r e S c P 1 1 -  i s  no t  a gatfsfactor-r  c e l l  i n  which' to measure- 
-.-- ., _- _-  ~ _ _ _  . . -. -. . -. .- . 

- - * .  

the final f12 r a t i o .  This i s  i n  c o n t r a d i c t i o n  t o  our Dreviousl:? reported 
P ~~ 

f indings.  The t o t a l  body notassium figures which r e s u l t  from muscle o r  

urine m e c i f i c  a c t i v i t w  c d c u l a t i o n s  are cons ide rab ly  lower than those 

obtained when t he  r e d  c e l l  i s  used. 3xchange curves and t o t a l  body potassium 

. f i g u r e s  are amended t o  t h i s  r m o r t .  
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onerat ions lave nrevio is lr  been reoorted.  Our nurnoae r e l a t i v e  t o  these 

balance data may be described BI falling under s e v e r a l  hepdinge, i n  add i t ion  

t o  the imnortant fact t h a t  the:i nrot i f le  a back@ound e s s e n t i a l  to  the i n t e r -  

n r e t a t i o n  of t h e  isotone datat 

1.) 

2.) 

Studp of r e l a t i o n  o f  N t o  K % d a n c e .  

Study of r t=l- t ion o f  YR t o  X balance,  

3.) 

4 . )  

Study of  reversRl of the F-K n e g a t i v i t y  'by thermy. 

S t u w  of  evid.ence of  d i s n r o n o r t i o n a t e  K loss.  

, 

The f i n d i n e s  under t h w  v a r i o u s  ~ c a t ~ g o r i e s  may be br ief ly  

suxnnar i ze d . 
1. We f i n d  t h e r e  is a cons tan t  r e l a t ion  between n i t r o g e E a n d  

potassium loss i n  m o s t  of the p a t i e n t s  observt4. 

data previousl:? obtained i n  burned natipnts, and t o  be r enor t ed  i n  the near 

future. 

This is in con t ra s t  t o  

2. While Dotassium balance i s  n e e t i v e ,  eodiwn talmce 

nearly always dositive. 

Dresent-d.ay surgical theran:-. ?'/bile thF w . t i ~ n t  i s  tpk inp  nothing by mouth 

he i s  frenuent l :?  being given intravenous i n j e c t i o n s  con ta in ing  sodium. 

This map be a r t e f a c t  resulting from the nature of CI 

Vere 

he in nomatl h e e l t h  and confined t o  bed on t h i s  r e ~ r n e  t h e  r e s u l t  would be 

a negat ive ootassium an$ Dosit ivP sodium b l a n c e .  Therefore one cannot draw 

alone. FurthFr stud!? i n  t h i s  Rrea i s  neceSc8Ty before  dmwing conclusions.  

3. %,versa1 of t h s e  changes by t hp rav r  i s  i n  i t s  e a r l i e s t  

s t a g e s  in t h i s  gtuc'!.. We have grefprrec'  t o  observe n a t i f n t s  as t r e a t e d  a t  

o re sen t  i n  t h i s  holjnital  l x f c r e  I c e i n n i n g  thfrap:' with notassium or othcr 

s u k t a n c e s  dirpcted. at c e l l  n u t r i t i o n .  



- 1  

I.' 

- .- -, .,> -. ..- - 
--: ._ . ' . 4::-~ A-dleproQortlcinate loss of aotassium' i n  t h e  e ~ r l y  stageb - - . - * *  

of i l l n e s s  follo1.ring i n t e s t i n a l  o b s t r u c t i o n ,  a e r i t o n i t i s ,  %urns, e tc .  has 

not been observed. 

and above that t o  be o r e d i c t e d  an the b a s i s  o f  the nitrogen l o s s ,  Amin 

further atudy is necessar:. befo re  final conclusions can 'be drawn. 

Bg fldism-oyortionaten is meant a loss of potassium over 

d. Potamiwn t o l e r a n c e  tpst. %ese eimvle t e s t s  of t h e  renal handling 

of a s i n g l e  tracer doae of I$2 have been c a r r i e d  out i n  enough p a t i e n t s  t o  

i n d i c a t e  meveral trends, 

exc re t ion  of K3' a remarkable constancy is obtained, 

!&en t h e  excrpt ion of fi2 I s  c o r r e c t e d  f o r  the 

This r R t i o  ranges 

in t he  general  v i c i n i t y  of 0.5 t o  1.0 w r c e n t  o f  t he  admin i s t e red  dose o f  

f12 Der rnil l ieouivrilent of Totassium. 

a c t i v i t i e s  and notAssium doseges, 

This ob ta ins  over  a v i d e  range o f  

It is found i n  w t l e n t s  whq are ext re&lp  

ill a8 well as i n  m t i e n t s  who a r e  health?,  There are  som minor debartures  

from t h i s  t r end  i n  urinary e x c r e t i o n  'but i n  general  the:. a r e  small. 

The total e r c r e t i o n  of t he  isotone as eroressed in parcen t  of dose 

exc re t ed  D e r  hour varies widely.  

excreted 12 percent of t h e  i n j e c t e d  dose i n  the first  twelve howa,  and 

A p a t i e n t  s u f f e r i n g  from Gushing's disease 
- .  . 

showed a remarkably low total body notassium. C t h r  n a t i e n t s  w h o  have been 

ch ron ica l ly  ill and who might be though-t of AS demonstrat ing c e l l u l a r  

s t a r v a t i o n  have tended t o  e x c r e t e  ver.9 smnll  amounts of the e2(1 t o  4 

Dercent of the i n j e c t e d  dose )  i n  t h e i r  first t1.reloe hours. 

these isoto-ne e rc re t i -ons  are largel!? conilitioned by t h e  t o t a l  exc re t ion  of  . 

Fotassium ln the u r i n e .  

from the r e n a l  handling of s i n g l e  t r a c e r  doses  of +2, that c m o t  equal ly  

wel l  be determined by stuct.ping t h e  X e r c r e t i o n  i n  terns  o f  rn i l l i eau iva len t s  

D e r  hour .  Eowpver we haTie e s t a b l i s h e d  "norms" by t he  combined s tudy of  X?' 

an$. K39 which will nrovide a r e fe rence  n o i n t  f o r  f u t u r e  work. 

As note3 above 

- 
.- - .  

?{e have t h e r e f o r e  n o t  found any i n d i c e s  o f  value 

?he noraal  



- 
- .:. * ' -  r i te  'of x -excietiin 'is i-4 jni . l>ieruivaIenta n e r  hour. 

t h i s  i n d i c a t e  ercessive e n d o g ~ n o u s  o r  exogenous K in body f l u i d s .  

l e s s  than th is  i n d i c a t e  on intake which is low in r e l a t i o n  t o  the neede of t h e  

organism. 

p i a r e s  a g a t e r  thin,- I =-  .:. .. . - ......- - -  

Tigures  

e. g u a l i t a t i v e  urinary notassiw determinPtioq, The rate o f  IS exc re t ion  

In the urine ?ecomee of significance when considered t o g e t h e r  with the intake.  

A p a t i e n t  on a low-X(or no-K) d i e t ( a s  with p re sen t  intravenous regimes) 

o r d i n a r i l y  excretes small amounts of K i n  the urine,  If a large excretion 

i s  presen t ,  a tissue-destroying prouegs is t a k i n g  Dlace;  c o n t r a r i w i s e  a 

p a t i e n t  on noma1 P= intrtke who e x c r e t e s  l i t t l e  o r  no K i s  bui ld ing  tissue. 

Present  K methods are SO cumbersome t h a t  a simnle bedside analysis 

would be use fu l  ani? tre have found t h a t  n r e c i n i t a t i o n ' o f  I[ as Re104 3.n ah 

80 w r c e n t  a l coho l i c  s o l u t i o n  o f  u r i n e  Drovides ?I rough q u a l i t a t i v e  tea t  

which may be useful. 

a I content lower than 15 S / L ,  

. '? . I ,. 

If no nrec in i ta te  is p o s s l y  visi'ble t h e ' t e s t  indicates  

- A heavy o r e c i p i t a t e  indicates that x is 

present  i n  excess of 9P d / L .  

rough o u a l i t a t i v e  significance. 

Intermediate gradat ions ma.!.! be read W i t h  

IV. SIW.!ARY 

a. 91;s 1s a broad progrm which i s  s t i l l  i n  nrogress ;  any extensive 

sumarp is imDossible, 

b. Studies on +2 r a t io s  indicate that there  i s  a non-exchangeable 
. - -  

. - "  : 3B - .- - .- -- - -  .. 
~~ 

f r a c t i o n  of potassium i n  t h e  red c e l l ;  f o r  t h i s  reason red c e l l  s n e c i f i c  

a c t i v i t y  cannot be used as "indicptorn f o r  c a l c u l a t i o n  of t o t a l  body 

eychangeable I(. 

c. Forty hours P f t e r  the i n j e c t i o n  of I@2 equi l ibr ium has been obtained 

between muscle, plasma and u r ine .  



s constancy in the r ena l  handl tng  of e2. 
e. me ra te  o f  X39 excretion cond i t ions  the rate o f  d2 excretion t o  

such an extent  t h a t  the l a t t e r  nrovidcs an lmpoitant index o f  the s t a t e  of  

X metabolism, 

f. Overall s t u d i e s  of n i t r o g e n ,  notnssium and sodium l a l ance  ar3 

essential to an adeauate i n t e n r e t a t i o n  o f  data resulting from the us3 of @2. 

g. Laborator:? t echn ic s  f o r  t h e  mensurment of &?uteriurn concentrat ion 

ly the f a l l i n g  droa  hnve been modif ied  t o  su i t  t h e  needs o f  our la%oratory.  



Zxplanation o f  Table - 

J?lumne 180 21 Ident i ty  and disease of oatient i s  described.  

Saltlma 3; 'phe e t a t e  o f  the patient at the time o f  measurement l e  described. 
Many patients were systemically i n  normal h e a l t h  and a r e  indicated 
as nwellv. 

The t i s sue  o r  body f l u i d  from which *2auili%rium S p e c i f i c  A c t i v i t y  
~ 4 2 "  i s  calculated, 
g3Q 

- 

C . 9 l u m n  4; 

! 

,'.~lumn 5: 

:?luma 6: Date o f  i n j e c t i o n  of fi2, 
Hours af ter  i n j e c t i o n  a t  which these activities were cbserved. 

s~lumn 7: T o t a l  exchangeable potassium i n  rnilliequivslente 
( t o t a l  In-lected minus urine - 

equilibrium 
x39 

L?unm 8% Body w e i a t  kilograms. 

?fi:-:.mn 9r Total exchangeable X, milliequivslents per Eg 

Colurmr 101 

column 11; 

Column 12: 3ate  blood volumes were me,.isured. 

Colunn 13: 

Column 14: 

Plasma volume by dye method. 

Blood volume by dye method. 
f I, 

Total exchangea\le X, mil l i eau iva lent s  per cc  of plasma volume, 

Total exchangeable K, mil l i eau iva lent s  per c c  o f  b l o o d  volume. 
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7.0 'T SPECIFIC A TlVlTY 
~ 4 2 1 ~  '3 9 
REO CELLS 

AND 
URINE 

16 PATIENTS 

VALUES 

I .o 
38 R B C  VALUES 

Figure 1 

Snec i f i c  activlt! .  of red c e l l s  and urine 0 t o  80 hours a f t e r  i n j e c t i o n  
of R42. 
of the red c e l l  botassium i s  used as a r e fe rence  a p a i n s t  which the s?ecif ic  
a c t i v i t i e s  of other f l u i d s  and t i s s u e s  may be comnared. 
t i e s  per u n i t  potassium vary over a wide range denenc?ing w o n  t h e  o r i g i n a l  
a c t i v i t y  of  t h e  fi2 and o t h e r ' f a c t z r s .  It is t h e r e f o r e  e s s e n t i a l  t-o use a 
"reference va lue"  so that  t h e  v a r i o u s  experiments may be conmared with each 
other.  To do t h i s  t he  40 hour sdecific a c t i v i t y  of t h e  r ed  c e l l  potasslum. 
has been a r b i t r a r i l y  designated as 1.0 "unit" of r a d i o a c t i v i t y  p e r  m i l l i -  
eouivalent o f  motassium. All o t h e r  values  have then been a d j u s t e d  accordingly.  

In t h i s  figure and t h e  two subsenuent f i g u r e s  the s n e c i f i c  a c t i v i t y  

The absolute a c t i v t -  
. 

I n  t h i s  c h a r t  64 u r i n e  s n e c i f i c  a c t i v i t i e s  a r e  contrasteO with 38 red 
c e l l  va lues  on t h e  same p a t i e n t s .  
f o r  u r ine  s p e c i f i c  a c t i v i t y .  

The shade6 a r e a  encloses 805 of the point8 
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.~ 
Snecif ic  a c t i v i t v  of red cell and vlasma motassium, This.  chaptphaa 

been drawn up as desc r ibed  i n  Figure 1. The m e c i f i c  activity of p h m a  
apnears  to reach  and maintain a h igher  va lue  than does the  s p e c i f i c  a c t i v i t y  
of Dotassium wi th in  the  red c e l l ,  i n  a fash ion  similar t o  that portrayed for 
ur ine  i n  F igure  1, 
n e c e s s a r y b e f o r e  .it is Dossible t o  i n t e r p r e t  t he  early portion of this curve, 

E a r l y  plasma determinat ions between 0 and 20 hours are 
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Sbec i f i c  a c t i v i t y  of red cell and t i s s u e  Dotasslum. This c h a r t  is 
prepared as F igures  1 and 2. Again the rmtassium i n  t i s s u e s  appears  t 0  
exchange with fi2 t o  a g r e a t e r  e x t e n t  than does the  notassium w i t h i n  the 
red c e l l .  The t i s s u e s  shown i n  this c h a r t  tire s t r i a t e d  muscle w i t h  the 
e m e n t i o n  of two p o i n t s  around 40 hours which are cancer t i s s u e ,  and which 
do not  show any s t r i k i n g  dev ia t ion  from the muscle determinations.  
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