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1. During the  past  twenty years t he  development of techniques t o  determine 
the  t o t a l  quant i ty  of such substances i n  the l i v i n g  body as f a t  and water, 
and e l ec t ro ly t e s  such a s  sodium, potassium and chloride,  represents a note- 
worthy achievement in medicine. 

2. The senior  author of enclosure (1) has deve loped  and perfected tech- 
niques using radioisotopes of hydrogen, bromide, and potassium, beginning 
h i s  invest igat ions a t  Dr. Francis Moorevs laboratory a t  the  Peter Bent 
Brigham Hospital, Boston, and continuing t h e  inves t iga t ions  a t  t h i s  Lab- 
oratory t o  the  point where highly r e l i a b l e  data  can be obtained with t h e  
administration of minimal quan t i t i e s  of radioact ive t r a c e r  mzter ia l .  
t o t a l  r ad ia t ion  received per individual  was l e s s  than  0.2 rad,  

The 

3.  An independent t e s t  on one subject,  f o r  example, revealed agreement 
within 3.5 per cent i n  exchangeable body potassium estimatsd by KL0 data 
obtair,ed in a whole body low rad ia t ion  background counter and the  exchange- 
able potassium estimated a f t e r  i n j ec t ion  of K-!t2. Likewise, close agreement 
was obtained i n  the t r i t i a t e d  water analyses. 

4. The s ignif icance of these sbudies is  far r e a c h b g .  Since potassium is 
mainly i n  the  body f l u i d  within cel ls  and chlor ide i s  mainly ex t race l lu la r ,  
the  proportions of these e l ec t ro ly t e s  in r e l a t i o n  t o  t o t a l  body water con- 
s t i t u t e  base-line indices of reference standards. 
c e l l  mass, basa l  oxygen consumption, cardiac output, and various other 
parameters can be r e l a t ed  t o  the  active ce l l  mass as determined by i t s  
water and e l ec t ro ly t e  content. Derangerants in these reference standards 
may cons t i t u t e  the  f irst  s igns of  i nc ip i en t  disease,  abnormal growth pattern,  
o r  sub-normal development. 

Thus, t h e  t o t a l  red blood 

- Qder+ PAUL C .  TOWKINS 
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ABSTRACT 

During recent years it has been shown that various Ijarameters and functions 

of body composition, among them exchangeable potassium, sodium, chloride,  t o t a l  

red c e l l  mass, plasma volume, indices  of ex t r ace l lu l a r  f l u i d  volume, and 

c rea t in ine  excretion, a l l  a r e  q u i t e  c lose ly  correlated with t h e  s i z e  o f  t h e  lean 

body mass. This Is t rue  not only i n  man, but i n  a v a r i e t y  of lower  animals. 

Recent advznces i n  methods have made it possible  t o  measure exchangeable 

potassium using mixing times of 40 hours,  

pa t i en t s ,  a mixing time a t  l e a s t  t h i s  long should be used f o r  purposes of accuracy 

Most of t h e  data i n  t h e  l i t e r a t u r e  f o r  exchangeable potassium i n  healthy men has 

been gathered using mixing times of 24 hours. 

Also, it has been shown that f o r  s ick  

I n  addition, it has been reported that gains o r  losses  of weight have been 

assoc ia ted  with a l t e r a t i o n s  i n  both ex t r ace l lu l a r  f l u i d  and t o t a l  body water. 

Because o f  these f ac to r s ,  measurements of  exchangeable potassium, exchangeable 

chlor ide,  and t o t a l  body water were performed i n  a group o f  36 healthy men of 

varying water and f a t  content. 

The results showed a. marked cor re la t ion  between the  amount of  exchangeable 

potassium o r  chlor ide i n  the  body and t h e  amount or" nater  i n  the  body. 

addi t ion ,  it mas seen t h a t  t he  amount of exchangeable chlor ide increased i n  pro- 

port ion t o  the  r e l a t i v e  amount of f a t  i n  t h e  body, and decreased i n  proportion t g  

t h e  r e l a t i v e  amount of water i n  t h e  body. Fat men contained r e l a t i v e l y  more 

In  
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clij.ori.de per  u z i t  of bcdy water than d i d  average men, and average men contained 

m w e  than d i d  lgan men, Nc such re'ia.tLmsh2p was presen2 f3r t h e  s n o u t  of ex- 

changeajls s z t h 3 s E a 2  vhieh was ccns tmtf  wifh r e l a t ion  % J  t h e  body water, m e r  a 

aide range of water 21" f'ar :crt e x  
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INTRODUCTION 

During t h e  past  few years  severa l  a r t i c l e s  hzve appeared i n  tvhtch evidence 

has been given shoaing c l s s e  correlatiofi  between t h e  lean  body mass, or some 

function of it, and those  parameters of body compesitlion which a r e  primarily re la ted  

t o  t h e  aqueow phases cf t h e  body, 

dogs by observing t h e  d i l u t i o n  of s t a b l e  bromida, 

chloride i n  these  same dcgs, 

chloride and body weight (1l0 

C1, and fat-free carcass  weight (Z) ,  

potassium, Cl,, and carczss  ch lo r ide  i n  rats were closely re la ted  t o  both t k  

fa t - f ree  carcass weight and t o  t h e  t o t a l  body water. 

C l e r  t o t a l  body water (TBW), plasma volume and red c e l l  mass i n  adul t  b a n  beings, 

and compared a l l  these  with lean body mas3, derived from TBW, and wiivh c rea t in ine  

excretion. He found tha t  t h e  cc r r e l a t i cn  of each parameter with lean  body xass 

was s ign i f i can t ly  b e t t e r  than i t s  cor re la t ion  with body weight nr  surface ar*Aj 

M@Murrey e t  a1 (6) measwed C l e 9  K,, Naes r ed  sell mass, plasma volume, and TBV 2ri 

a group of t e n  healthy men and t e n  healthy m5rnm, 

b e t t e r  cc r r e l a t ion  of t h e s e  parameters with body water than with body weigh?, 

Weir measured exchangeable chlor ide [Cie> h 

He a l s o  measured t h e  carems 

He found poor cc r r e l a t ion  betmeen exchangeable 

However, he found a much b e t t e r  =or re la t ion  between 

Cheek and West (3) fcund t h a t  Ke$ carcass 

Muldownejr ( L L , 5 )  measured Ke, 

_c 

Their  data show sigrLficmt2j 

Recently, OlMeara et al, (7) have f w d  tha t  t h e  mixing cf administered KL;2 fs 

prolonged i n  subjects  who have edema, 

equfl ibratfon times s h w l d  be extended t o  4.0 hours when measuring K, fr_ sick 

It was concluded by these  authors  t h a t  

1 
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patient,,. Recently, apparatcs  has become avai lab le  by maans nf nhieh it is cm-  

venient t o  measure K, using a m h h g  t -he of LO hmrs ,  using cnlg 50 mfzroccrfes of 

K@ (8 ,9 ) .  
i ?  

It has been reported (lo) t h a t  f l u i d  changes may azcompany gafns and ~educ+. '  - ion5 

In  t h e  present inves t iga t ion  exchangeable chloride,  exchangeable 
- 

i n  weight. 

potassium, and body water were measrsrecl in a grzrip ?f heal*hy men ,Jf varying da- 

p e e s  of fatness:  and t h e  values 3b%aiced were cmpared I n  x d e r  t o  r3bser-m m~ 

changes wMch might be r e l a t ed  t o  zbesity, 

METHODS 

Subj ect s 

Thirty-seven healthy adul t  men were sfudfed, 

l ibi tum during t h e  first 16 hours of' t h e  experfmel?". 

prescribed f o r  t h e  remaining 2.L how pe r5d .  

o r  water was permitted. 

determination of t h e  am& of isotope excreted. 

F3x3 m-d water were takan a2 

A d i e t  Icg 9n p s a s s h n  was 

On t h e  equilibrium morning, no food 

A11 ur ine  was collected during t h e  e n t i r e  precedure, f2y 

- Dosage 
- 

Each person receLved an Intravenous InjecTion zf % n i c ~ ~ c ~ z ~ S e s  :f 3"': g<-;e; 

40 hours p r i o r  t 0  equilibrium sampling, and an i d r a - ; e n x s  in$e&t.fl;n ~f 5 in::-=- 

cur ies  of Br821 given 24 bows p ~ i m  t o  equilibrium shmplfng. An htz%:Tm:r.s %?.- 

j ee t ion  of 1 m i l l i c u r i e  ;f H 3 as t r i t i a t e d  wa%w was g5-ren ezc:. sr;b:azt er? th'r,r5 

n -  

morning d u r i n g  wnimvh equilibrium of Kd mil BT-- d2str i%~zLx 7 -  : L : : Y ~ +  

j ec t ions  were s t e r i l e  and i so ton ic  and were administered rzsfcg csl;brat& sgrLsg3- 

p ipe t t e s  i n  volumes of 20 ml, 

producible within 0,s ml, 

.A!, L 

These p ipe t t e s  delivered volumes whi:h were z-c- 



Sampling 

A l l  ur ine  was saved by each subject during t h e  e n t i r e  experinent . 
n i g h t ' s  u r ine ,  containing only K@, was counted separately.  The u r i n e  

The first 

voided Sub- 

sequently contained both ICu and Br82, and was processed p r i o r  t o  counting, a s  w i l l  

be described 

Upon a r i s i n g  on t h e  morning of equi l ibrat ion,  each subject voided i n t g  bds ex- 

c re t ion  co l l ec t ion  b o t t l e ,  

usual ly  a t  9 0 3 0  a o m a  and 11830 a.m., f o r  determination of potassium spec i f f c  ac- 

t i v i t y ,  

Two succsssive spot ur ine  samples were then  col lected,  

Venous whole blood samples were removed 40 h a r s  a f t e r  t h e  KQ i n j e c t i c c  (21, 

hours after t h e  B@* In jec t ion) .  

separated and used f o r  determination of Brg2 spec i f i c  a c t i v i t y ,  

These were allawed t o  c lot  and $he serum was 

A t  t h i s  time, t h e  t r i t i a t e d  water dose was given, Two and t h r e e  hmrs a f t e r -  

wards, venous whole blood samples were collected f o r  t d a l  body water estimation, 

The serum was separated and was stored in a freezer .  

t- 

C ount ine; 

A l l  samples which contained Br8' were counted as 15 m l ,  a l fquots  i n  a scdim 

i o d i d e  thal l ium-act ivated s c i n t i l l a t i o n  w e l l  counter. 

counted i n  t r i p l i c a t e ,  10,000 counts being col lected f o r  each sample. 

The semm samples weye 

U r i m  ex- 

c re t ion  samples were counted i n  dupl icate .  Duplicate d i l u t i o n s  of t,he in iec ted  

mater ia l  were made and were counted i n  t r i p l i c a t e .  

The saxples which contained Ka were counted i n  volumes of 80 m l ,  i n  a beta  

well  counter ( 8 , 9 ) *  Those urine samples which contained Brs2 i n  addi t ion  t o  KG2 

were t r ea t ed  by t h e  addi t ion  of a measured excess of AgN03, followed by suctior, 

f i l t r a t i o n  t h o u g h  an asbestos f i l t e r ,  This procedure e f f ec t ive ly  removed all BreS6 

3 



' The f i l t r a t e  was then  used fop KU 'ccuntfig. Ekeretion samples were counted in dup- 

PScate, EquSlfbrium samples were counted i n  quedruplicate, 10,000 c m n t s  being 

collected for each eanrple, 

s8pum S8mp188 C&8- E3 W8r8 kept *OZen between C O l l 0 d i O n  and 8S8ay. 
-I 

They were then thawed,  and were vacuum distilled h.om t h e  frozen s t a t e  (11). Samples 

' were p ~ e p a r e d  in dupl ica te  by p i p e t t b g  1.0 ml. aamplea of d i s t i l l e d  serum water 

frrto glaes vials, addfng 18 ml, of l i q u i d  s c i n t i l l a n t ,  and counting t h e  vials i n  

a l iqu id  s c f n t i l i a t f o n  spectrometer, Dilut ions of t h e  Injected ma te r i a l  were 

d i s t i l l e d ,  prepared and counted along with t h e  serum water i n  each case.* 

Bemica1  Det e w i n a w  

Potassium determinations were done by i n t e r n a l  standard flame photometry, 

using a Bafrd Aesociatea flame phutometer. 

done by R potsn%ian&ria titration baaed on the method af Sandsreon (12). 

Serum chlor ide  ddermina t ions  were 

In calculating the  exohangeable potassium, a l l  beta well counter data aere 

first edrrected f o r  background and for radioactive decay. 

xkz al&e were courited in this apparatus. A epec i f ic  gravit.y correctfcn was alao 

neeesgasqr (8 ,9 ) .  

n o v e / B ~ ~ ~  were corrected f o r  t h e  vcilume of Ag??03 so lu t ion  which was added i n  each 

ease- 

Only solutfozs  em%ini,.lg 

- 
In  addi t ion ,  those  excretion samples whkh were processed tt, re- 

The reduced da ta  were then used t o  c a l c u b t e  K, 3y t h s  expression 

A - E  

. * Fe ~ s h  tg thank DP, I, S. Edelmaa, of t h e  Unfversity of Cal i forn ia  M e d i a l  
9!-?-d., far hss mcst helpful assistance and advice in setting up +,Us +,ecii-,ique. 

4 



wheye Ke = exchangeable potassium, mEq. 

A 

E 

= counts per minxte in jec ted  

= counts per minute excreted 

S ,A, = s p e c i f i c  ac t iv i ty ,  counts per nini:ta/mE;c 

Ir, ca lcu la t ing  t h e  exchangeabl2 chloride,  a l l  of t he  NaI:TL sc-.:--:lation n e 2  
9 

counting ra tes  mere corrected -JP background. 

a l s o  contained a c e r t a i n  amount of  K@, it Bas necessary t o  c x r e e t  fs? t h i s ,  

t h e  excretion ur ine  sample, t h e  c r r rgc t ion  was kaa2a q x n  t h e  r a t i o  

Since a l l  of  t h e  Br" samples counted 

For 

K4' cour?ts/minute/l5 do sample (NaI:!IT me11 c m n t e r )  

K@ counts/minute/80 mi,  sample (beta w e l l  counter) 
D 

This r a t i o  mas 0,15,!+7 f o r  t h e  two count,ers used, 

of t h e  excret ion urine i n  t h e  Na1:Tl counter, t h e  beta-well counting r a t e  of  the 

halogen-free f f l t r a t e  was mult ipl ied by t h i s  f ac to ro  

f o r  decay, t h i s  correctfon was subtracted from the  t o t a i  NaIxTl counting r a t e o  

remaining Br82 counting ra te  mas then corrected f o r  decay, 

a correct ion f o r  t h e  K@ contr ibut ion t o  t he  N a I s T 1  counting rate was a l s o  base3 

upon the  KU r a t i o  i n  t h e  two c o m t e r s ,  using the  s p e c i f i c  ac t iv i ty  o f  K u ~ K 3 9 ~  

This correct ion was always q u i t e  small, rimer being more than 17 capom, i n  any sf 

these  subjects, compared with t n e  t o t a l  serum counting r a t e  of perhaps 4OO-5OO C ~ F ~ T  

Errors i n  the  determination of these  KU mnt r ibu t ions  ta the  NaI:T1 c o u n t h g  

rates  could &ve no s ign i f i can t  e f fec t  upon the  accmacy of t he  measurement 3f GI,, 

Tota l  body water was calculated a s s m i n g  O&% exeretior, per hour liuI.i;lg the 

To obta in  t h e  KU counting r a t e  

After f u r t h e r  being corrected 

The 

FOP t h e  serum samples, 

3-hour period of equilibrium (7) by means or" t he  standard formula. 

represent  water a t  20c6, 

The values 

5 



r s s p e z t l - 6 ~ .  These regressiom s h w  a cons ide r sb i s  amount; c$ scatter about t.he 
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A s imi l a r  canparison can be made' f o r  Cle vs. body weight (Fig. 2). I n  t h i s  

diagram, t h r e e  poipta a r e  presezt ( subjec ts  JB,  JD, and RR) whose values fcr ex- 

changeable chlor ide a r e  so f a r  ca t s ide  t h e  gxup as a whole, as will be shum late=., 

t h a t  they make visual inspect ion 9 f . t h i s  regression confusing, They a r e  included 

in t h e  d a t a  but have n d  been used i n  t h e  s t a t i s t i c a l  evaluatioa.. A l l  t .hree of 

t h e s e  people were s tudied  during a s ing le  weeke Ignc rhg  t h e  pns i t ions  cf these  

three d o t s ,  one sees a scatter which is similay ts tnst seen f o r  Ke. 

Tota l  body water is plot ted agaicst  bedy weight (Fig. 3 ) .  Once a g e b ,  15 is 

seen that two persons having es sen t i a l ly  i d e n t i c a l  a b s d u t e  body watep e x t e n t  

can be d i f f e ren t  i n  weight by a twofold df f fe renss ,  The magnitude of t h i s  differ-  

ence was this grea t  for a l l  t h ree  parametersm 

On t h e  other hand, cornparisor- of Ke ar,d C1, with t h e  sinultaneously da?ermined 

TBW gives t h e  d i s t r i b u t i o n  seen i n  Fig,  

passes through t h e  origin,, 

95% confidence limits. 

It was assmec! that t h e  regressicm 

The regression line, K, = 87.77 TBW, i s  shgwa w%%h 15s 

It is seen that markedly iccreased l i n e a r i t y  of csrrsfatim 

is present m e r  t h a t  seen with t h e  comparison E, ?sa weight 

e f f i c i en t  f o r  K,aTBW in t h i s  group is 0.96, 

The correla52oz le:= 

The r e l a t ionsh ip  of C1, t c  TBW is shown i n  Fig,  5 .  The regressior, lice, 

Cl, 

e f f i c i en t  f o r  t h i s  regressfor- is also 0,96, 

51.4 TBW, is ehom with i t s  95% confidence l i m i t s ,  The correiatPon cc- 

DISCUSSION 

The p o s s i b i l i t y  that other f ac to r s  besides lehn t i s s u e  mass may i r f l u e m e  t h e  

body content of fluid and e l e c t r o l f l e  'has prompted Ljur-ggren (14) t~ ir-vestfgata 
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This comparison of c l e 9  TBVJ, and body weight can be b e t t e r  i l l u s t r a t e d  by a 

d i f f e r e n t  graphic representation. 

t h e  t o t a l  body water (an index o f  lean body s ize)  is plo t ted  on t h e  ordinate,  and 

t h e  ra t io  TBW/weight (an index o f  obesity) i s  p lo t t ed  on t h e  abscissa ,  t h e  r e s u l t  

If the  r a t i o  Cle/TBW, which r e l a t e s  chlor ide t o  

f o r  t h e  31 men whose C l e  was measured is shorn in Fig.  7. 

t h a t  t h ree  of  t h e  poin ts  a r e  vastly d i f f e r e n t  from t h e  r e s t .  

JB, JD, and RR, represent ing a i l  t he  determinations f o r  a s ingle  week, who were 

mentioned i n  t h e  discussion of the regression C1, vs, weight, 

used i n  the  s t a t i s t i c a l  treatment, 

f o r  Cle/TBIA vs, TBW/weight. 

It i s  a t  once apparent 

These a r e  subjects  

They were co t  

Excluding these  men, a regression was computed 

This regression i s  shown, with i t s  95% confidence 

l i m i t s ,  Using t h i s  regression, and assuming a f a t  man and a t h i n  one, each 

containing 40 l i t e r s  of body mater, w e  can ca l cu la t e  t h e  probable C l e  f op  these 

t w o  meno Assuming extremes, i.e., 4C$ water content f o r  t he  f a t  man and 65% 

water content f o r  t h e  t h i n  man, t h e  C l e  f o r  these men would be: 

Fat: 40 I,. x 56,5 = 2270 mEq. 
Th in :  40 L, x 49.5 = 1980 mEa. 

Difference: 290 m E q o  

This i n p l i e s  t h a t  t h e  f a t  man wculd have an exchangeable chlor ide which would be 

equivalent t o  a t  least  two l i t e r s  of ex t r ace l lu l a r  f l u i d  more than the t h i n  man 

would have 

It is not possible  a t  t h i s  time t o  state a primary re la t ionship  between obesity 

and t h i s  regression. 

e t  a1.(15), and by Leaf and Couter (16) that t h e  body water content may be 

markedly influenced, over short  periods of time, by t h e  amount of sa l t  consumed 

i n  the  d i e t ,  

It has been pointed out by Strauss e t  al, (U)? Strauss  

Further  conclusions regarding a r e l a t ionsh ip  of chloride c o n f m i  

t o  obes i ty  must follow t h e  eol iect ion of da ta  under conditions which cont rc l  this 

var iab le  , 



When $%e d a h  cf' Mddumey et al, (63 a m  empaTed 3 the same way used ,in F i g o  7 ,  

a suggestfon of regressLon i s  presen5 if tha  men and wmen are considered as a 

group, 
- 

Hmever, srefther the  grwp cf' men a l a e  n m  the  group of' women alme is  

is hfghly l ike ly   hen the whole g r x p  Ps oonsfdered and the wmen are empared with 

the meno 

When %he data f m  exohgeable  pdassium h the present work are compared in 

the same way us& b Fig, 9, the result. is shown in  Ffg, 9. 

regree sfon is presea?, e 

No suggestion of 

Apppopped by; 

Captaia (MC) USN 
Acting Head? Bit;lcgicai and 
Medfod Sefences DieSaion 

FOF ths Scientific Director 



Fig. 1. 
body weight. K, is p lo t t ed  on the  ord ina te ,  Body 
%eight  is plo t ted  on t h e  abscissa.  

Exchangeable potassium as a f u n c t i o n  of 
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Fig.  2. 
bo&J weight. 
Bod-- n e i g h t  Is p l o t t a d  on the abscissa. 

Exchmgeable chloi-ide as a Pmc'cion o f  
C1, i s  plo. t ted on the ordinate. 
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Fig. 4. Zxchangeable 9otassiun as a function o f  
body water. Ke i s  p l c t t e d  on t h e  ordinate .  TBW 
i s  p lo t t ed  on the  abscissa .  
t he  regression passes thrGug11 the  or ig in .  
regression l i n e ,  K, = 57.77 TEN, i s  shown ( s o l i d  
l i n e )  with i t s  955 confidence liinits (broken l i n e s )  

It i s  assumed t h a t  
The 
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h ,u 
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Fig. 5. 
body water. C l e  is p lo t t ed  on the ordinate. TBW is 
d o t t e d  on the abscissa. 

&changeable chloride as a function of  t o t a l  

It is assumed that  the r -  

regression passes through the  origin. 
line, ~1, = 51.4 TBV, IS shown ( s o l i d  l i ne )  with i t s  
95% confidence limits (broken l ines) .  

The regression 

21 



Fig. 6, Exchangeable ch lor ide  as a function of body water i n  men 
of varying degrees of fakuess. 
TBW is plot ted on the  abscissa. 
t hose  men who were l e s s  than 55% mter,  t h e  solid line i s  the re- 
gression line for this groilp o f  data. 
sent those men who were between 55% and 60% water, The long- 
dashed l i n e  is the  rsgression line f o r  this lifr’mp of  data. 
open squares r ep resen t  those  men whz were more than  60% water. 
The short-dashed l i ne  i s  .the r eg res s ion  l i n e  f o r  t h i s  group of 
data. 

Cle is plotted Gn Lhe ord ina te .  
The closed triangles r ep resen t  

The closed circles repre- 

The 

. .  . 
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Fig. 3. Exchangeable sodium a s  a f &&on 
cf body water and bcdy weight. 
able s o d i m ,  as mEq./liter of t o t a l + g  
water, i s  p l o t t e d  on the ordinate. o t a  
body water, as TBW/bod3. weight,  i s  p l o t t e d  
cn the abscissa. 
from Mcldurrey e t  a l .  (6). 

Exch 

The d a t a  a re  re -p lo t ted  

' 
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TOTAL BODY WATER /BODY WEIGHT 

Fig, 9. Exehaageable po*taasim as a x b c t i o n  of 
body water and body weight, Exchangeable potas- 
sium, as mEq./liter of total body wa%e?, is 
plot ted on the ordinate, 
TaW/bcily weight, is plo t ted  on %he abscissa, 

T o t a l  body wate?, as 
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