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Bncl: (1) U.S. Naval Radiological Defense Laboratory Report USNRDL-TR~313
entitled "Total Exchangeable Potassium and Chloride and Total
Body Water in Healthy Men of Varying Water and Fat Content!" by
E.A. Boling, W.L. Taylor, C, Entenman and A.R. Behnke, Project
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1. During the past twenty years the development of techniques to determine
the total quantity of such substances in the living body as fat and water,
and electrolytes such as sodium, potassium and chloride, represents a note-
worthy achievement in medicine,

2. The senior author of enclosure (1) has developed and perfected tech-
niques using radioisotopes of hydrogen, bromide, and potassium, beginning
his investigations at Dr. Francis Moore's laboratory at the Peter Bent
Brigham Hospital, Boston, and continuing the investigations at this Lab-
oratory to the point where highly reliable data can be obtained with the
administration of minimal quantities of radiocactive tracer material. The
total radiation received per individual was less than 0.2 rad.

3. An independent test on one subject, for example, revealed agreement
within 3.5 per cent in exchangeable body potassium estimated by K40 data
obtained in a whole body low radiation background counter and the exchange-
able potassium estimated after injection of K42, Likewise, close agreement
was obtained in the tritiated water analyses.

4. The significance of these studies is far reaching. Since potassium is
mainly in the body fluid within cells and chloride is mainly extracellular,
the proportions of these electrolytes in relation to total body water con-
stitute base~line indices of reference standards. Thus, the total red blood
cell mass, basal oxygen consumption, cardiac output, and various other
parameters can be related to the active cell mass as determined by its

water and electrolyte content. Derangements in these reference standards
may constitute the first signs of incipient disease, abnormal growth pattern,

or sub~normal development.
Cruel

PAUL C. TOMPKINS
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ABSTRACT

During recent years it has been shown that various parameters and functions
of body composition, among them exchangeable potassium, sodium, chloride, total
red cell mass, plasma volume, indices of extracellular fluid volume, and
creatinine excretion, all are quite closely correlated with the size of the lean
body mass. This is true not only in man, but in a variety of lower animals,

Recent advances in methods have made it poséible to measure exchangeable
potassium using mixing times of 40 hours., A4lso, it has been shown that for sick
patients, a mixing time at least this long should be used for purposes of accuracy
Most of the data in the literature for exchangeable potassium in healthy men has
been gathered using mixing times of 24 hours.

In addition, it has been reported that gains or losses of weight have been
associated with alterations in both extracellular fluid and total body water.
Because of these factors, measurements of exchangeable potassium, exchangeable
chloride, and total body water were performed in a group of 36 healthy men of
varying water and fat content,

The results showed a marked correlation between the amount of exchangeable
potassium or chloride in the body and the amount of water in the body. In
addition, it was seen that the amount of exchangeable chloride increased in pro-
portion to the relative amount of fat in the body, and decreased in proportion to

the relative amount of water in the body. Fat men contained relatively more
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chloride per unit of body water than did average men, and average men contained

more than did lean men., No such relationship was present for the amount of ex-

wide range of water or fat zcortens,
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oxchangeable potassium, exchangeabls chloride. ard “tal body water wens lao

termined in a group of 35 healthy men =f widely warving dagrass -7 JzmToess, usics
Kig, 852 and tritiated water as tracers, The methods usged perritral rhesze
measurements with isotope doses suszh that the —2diation dosz wes mly 7,17 -23,
K, and C1l, were compared with the total body wates, A high egree 7 sorrolatis

was fcund for both of these regressicns, Bash zovr

In addition, a regression is shown which indizatss that *he cbess mern in ~% s

study contained proportionately more chloride %han did 4he average mer. and tha
average men contained proportiorately more chloride than did *+hne lezan men, Foe
ten fat men containing less than 55% water by weight, G1./TBW was 33,0 mEs, 1ftar,

For ten average men containing between 55% and €05 wabter by weight, CLE/TBW was

51.5 mEq./liter, For eight lean men containing more than 40% watew Ty wmelight,

$1,/TBW was 49.3 mEq;/iiter. These differences are significant {C.UL 3T, 2.0380,
~o such differences were found when the regression Ko s TBW was examined in thes»
three groupse It was pointed out that the above relatiouship between CLQ;TBW and

ince the dietary sal® intaks »f

1]

TBW /ot may not be primarily related to obesity,

h men was not controlled prior to the study,
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INTRODUCTION

During the past few years several articles have appeared in which evidence
has been given showing clcse correlation between the lean body mass, or some
function of it, and those parameters of body composition which are primarily related
to the aqueous phases cf the body. Weir measured exchangeable chlorids (Cle) in
‘dogs by observing the dilution of stable bromide, He also measured the carcass
‘chloride in these same dcgs. He found poor correlation between exchangeable
chloride and body weight (1), However, he found a much better correlation between
Clg and fat-free carcass weight (2). Cheek and West (3) found that K., sarcass
potassium, Cl,, and carcass chloride in rats were closely related to both the
fat-free carcass weight and to the total body water. Muldowney (4,5) measured Kas -
Clg, total body water (TBW), plasma volume and red'cell mass in adult human beings,
and compared all these with lean body mass, derived from TBW, and with creatinine
excretion, He found that the correlation of each parameter with lean body mass
was significantly better than its correlation with body weight or surface ares,
McMurrey et al (6) measured Clg, Kg, Nag, red cell mass, plasma volume, and TBW in
a group of ten healthy men and ten healthy women, Their data show significantly
better correlation of these parameters with body water than with body weigh3.

Recently, O'Meara et al, (7) have found that the mixing cf administered ng is
prolonged in subjects who have edema, It was concluded by these authors that

equilibration times should be extended to 40 hours when measuring K, in sick



patients. Recently, apparatus has become available by means of which it is con-
venient to measure Ky using a mixing time of 40 hours, using cnly 50 microcufies cf
K42 (8,9).

It has been reported (10) that fluid changes may azcompany gains and redu;gions
in weight. In the present investigation exchangeable chloride, exchangeable
potassium, and body water were measured in a grcup of healthy men 3f varying de-

grees of fatness, and the values ottained were oompared in order to observe any

changes which might be related to cbesity,

METHODS

Subjects

Thirty-seven healthy adult men were studied, Food and water were %aken ad
l1ibitum during the first 16 hours of the experimer, A dist low In potassium was
prescribed for the remaining 24 hour periad, On the equilibrium morning, no food
or water was permitted. All urine was collected during the entire precedure, for
determination of the amoumt of isotope excreted,
Dosage

Each person received an intravenous injection £ 50 microcuriss of KQZF e,
40 hours prior to egquilibrium sampling, and an intravenous injectiom of 3 micri-
curies of Br82, given 24 hours pricr to equilibrium sampling, An intravencus in-
jection of 1 millicurie =f H3 as tritiated water was given eacz: subiezt on the
morning during whish equilibrium of K42 ard BrfR distribuiion ~owsred, ADDL Sve
jections were sterile and isctonic and were administered using calibrated syrings-

pipettes in volumes of 20 ml, These pipettes delivered volumes whizh were re-

producidble within 0.02 ml,
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Sampling

Al]l urine was saved by each subject during the entire experiment, The first
night's urine, containing only K42, was counted separately. The urine voided sub=-
sequently contained both K42 and Br82, and was processed prior to counting, as will
be described,

Upon arising on the morning of equilibration, each subject voided into his ex-
cretion collection bottle. Two successive spot urine samples were then collected;
usually at 9:30 a,m, and 11330 a.m,, for determination of potassium specific ac-
tivity.

Venous whole blood samples were removed 40 hours after the K42 injection (24
hours after the BrS2 injection), These were allowed to clot and the serum was

separated and used for determination of Bré<

specific activity,

At this time, the tritiated water dose was given, Two and three hours after~
wards, venous whole blood samples were collected for total body water estimation,
The serum was separated and was stored in a freezer,

Coyntin

82 were counted as 15 ml. aliquots in a sodiun

All samples which contained Br
iodide thallium-activated scintillation well counter, The serum samples were
counted in triplicate, 10,000 counts being collected for each sample, Urirne ex-
cretion samples were counted in duplicate. Duplicate dilutions of the injected
material were made and were counted in triplicate,

The samples which contained K42 were counted in wolumes of 80 ml, in a beta
well counter (8,9). Those urine samples which contained Br82 in addition to K4°
were treated by the addition of a measured excess of AgNOB, followed by suction

filtration through an asbestos filter, This procedure effectively removed all Brsz.



' The filtrate was then used for K42'ccun§ing. Excretion samples were counted in dup=-
1%cats, Equilibrium samples were counted in quadruplicate, 10,000 ccunts being
collected for each sample,

Serum samples containing B3 were kept frozen between collection and assay,
Thé& were then thawed, and were vacuum distilled from the frozen state (11), Samples
f/were prepared in duplicate by pipetting 1,0 ml. sampleavof distilled serum water
into glass vials, adding 18 ml, of liquid scintillant, and counting the vials in
a liquid scintiliétion spectrometer, Dilutions of the injected material were
distilled; prepared and counted along with the serum water in each case,*
Chemical Determinationg

Potassium determinations were done by internal standard flame photometry,
using a Baird Associates flame photometer, Serum chloride determinations were
done by a potenticmetria titration based on the method of Sanderson (12).
Galouletiong

In calculating the exchangeable potassium, all beta well counter data were
firat corrected for background and for radicactive decay. Only sclutions eoniaining
K42 alp;e were counted in this apparatus, A specific gravity correction was alse
necess;ry (8,9). In addition, those excretion samples whiéh were processed to re-
move 5582 were corrected for the volume of AgN03 sclution which was added in each
case; The reduced data were then used to calculate K, by the expression

A-E |

K e

e= s.A,

% ¥We wish to thank Dr. I, S, Edelman, of the University of Califcrnia Medical
Srtocl, for his mest helpful assistance and advice in setting up this %technique,
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where K, = exchangeable potassium, mEq.

A = counts per minute injected
E = counts per minute excreted
S.A. = specifiec activity, counts per minute/mEc .,
In calculating the exchangeabie chloride, all of the NaI:Tl sc.2".llation welil

counting rates were corrected Zor background., Since all of the Br* samples counted
also contained a certain amcunt of K4z, it was necegsary to correct for this, For
the excretion urine sample, the ccrrection was bas26 upcn the ratio

K42 counts/minute/15 ml. sample (Nal:T1 well counter)

-]

K42 counts/minute/80 mi. sample (beta well counter)
This ratio was 0.1547 for the two counters used, To obtain the KAR counting rate
of the excretion urine in the NaI:Tl counter, the beta-well counting rate of the
halogen=free filtrate was multiplied by this factor, After further being corrected
for decay, this correction was subtracted from the total NaIsTl counting rate, The
remaining Br82 counting rate was then corrected for decay. For the serum samples;
a correction for the K42 contribution to the NaIsTl counting rate was alsoc based

upon the K42 ratio in the two counters, using the specific activity of K42:K39,

=y

This correction was always quite small, naver being more than 17 c.p.m. in any o
these subjects, compared with the total serum counting rate of perhaps 400-500 c.p.r
Errors in the determination of these K42 contributions to the NaI:T1 counting

ol
Yaepm ©

rates could hive no significant effect upon the accurasy of the measurement of
Total body water was calculated assuming 0.16% excretion per hour during ths
3-hour period of equilitrium (7) by means of the standard formula. The values

represent water at 20°C,




the raw data by a high szpesd elecirconie digibal cemmuter, OCne weel's computation,

srdinarily requiring atout & hours work, was decne by this means in 4-1/2 minutes,
RESULTS
Ths resulits of mezsurements of x;han able pobasgsium, exchanpeable chloride,
and nooal body water are gaven in Tabie I, In addition, the age and weight of

cacn subjeet is iisted. Values are given for Ol./wt, Clg/T3W, Kg/wt, Ko/TBW, and
is given as TBW/weight. The mean of each parameter and
each rati:z is givea, Corrsiation ccefficienss are listed far Cl,/TBW and K,/TBW,

activizy of the first

| S8
[

In addztion. the diffcerenie teltween the hwﬂ/K/, svesif
squilibrium urine sampls in each subjezt, and thaw of the second sample, voided

abous twe hours later, is Listed as a percent of the mean specific activity for those

The regressions of K, and Cl, on body weigh® are shown in Fig, I*and Fig, 2,
rospectiveily. These regressions show a considerable amount of scatter about the
mean, In additicn, both of these parameters show litile increase beyond a certzin
maximam emcunt, In the case cof ootasgsium, whis noint 13 reached at about 5000 mEq.

in the body weights of the subjects
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ar: not assoliates with marked increases in K . A regression starting at the
arigin and being tangent to the left hand, cor upper, margin of the dots, which

revresent the data, could be used %o symbeclizs those persons whe were gquite lean,

By comparing this iline wiin ths larges® persin in our seriss, subject LC, it is
sean tnat this perscn contains same &3 Kg. of weight whizh is not associated with

411 figures appear at end of text, beginning on page 13.
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K3 TZd c‘e ’Ca

(kg ) % A% mEy 2zg/L TEW oia/kg mEq. mEg/L 7E7 miyg, kz

93,4 L2.5 31,8 2561 52.8 27.3 L4242 87.5 45.3

42.7 29,1 2.4 3277 84.3 52.3

73,5 38,8  32.7 3378 87.1 L5.9

64,3 37.0 58.5 1809 L8.,9 28,1 3534 GL.2 55.0

52.4 30.6  38.4 1532 50,1 29,2 2434 79.5 L6 4

32,2 Li.8  Shu4 2375 53.0 28,9 3976 88,9 48,0

69.0 38.4  55.6 1547 5047 28.2 337 87.9 £8.9

75.4 40,0 33.0 2117 52.9 28.0 3316 82,9 L4,.C

1.2 50,0 41.1 LECL 88.1 53.8

The3 3.4 58.4 4012 92.4 54.0

79.5 1,7 32,4 2218 55,0 28.3 2700 £8.8 L6.5

sl £h.,3 59,8 2276 51.4 20,7 3781 85.4 51.C

62,7 2001 31.9 3432 58,7

85.4 4%.0  57.%4 2465 Shek 31.2 LOOS 21.8 46,5

27,0 k5.8  53.3 2243 L8.0 25.8 3585 85.2 5.8

72.6 43,0 58,4 2240 52.1 33.4 3842 89.8 52.5

89.5 52.4 58.5 2426 51.2 30.0 L4372 87.2 51.1

8L.z LE.O 55,4 2326 51.2 28.6 2830 25,1 LT.2

T .6 43.8  52.9 2373 8.5 20.6 4307 88,2 55.5

777 43.2 55,7 2235 51.7 23.¢2 2662 8i.8 L7.1

£7.6 38.8 57.4 1355 50.4 22.9 3313 8.4 42.0

58,2 38.0 65.3 1863 £9.0 32.0 3019 79,5 51.9

eg. % 47.9 2,5 2480 51.8 25.1 3940 82.2 40.0

70.9 k5.5  B5.2 2236 49.1 31.5 4263 93.7 é0.2

4.8 45,5 62.2 2304, 9.5 30.3 4287 92,0 57.2

Sk.b 57.5 &0.8 2897 50.4 3C.5% 5194 20.4 54.9

79.2 45.7 82,7 2299 L46.3 3C.0 LE11 92.G 8.1

83.4 51.6 61.9 2463 47.8 29.5 4356 ¢6.0 5944

78.% 53.0  &7.4 2801 52.6 35.6 L8253 87,3 58,8

120.7 AL.L LK.7 021\ % 65.8 30.7 5282 86,4 40.4 2,27
104.2 5C.4 48,3 (5311) 65.7 31.8 L2329 85.9 41.5 c.1z
124.6 52.5  L2.% \3617/ £8.5 29.C 4378 83.4 35.1 0.7%
11.e 49.5 442 2538 53.3 23.5 4212 85.3 37.6 2.80
82.4 -8 54.8 2L58 53.7 9.5 P ¢0,9 45.8 G.20
122.3 9 4k.9 2058 55.7 25.3 25.8 28.3 0.36
170.4 3842 20.9 Buwe 35.2 0.5
135.0 53.7  L&.7 PRELS 2.3 25.1 L77L 28,9 i 2,33
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L5 75.4 40,2 33.C 2117 £2.3 28,0 3314 2e,2 L,.0 0,53 cRe
2 21,2 5C.0 £41.1 INESIA 28,1 53.8 C.33
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A similar comparison can be made for Cle vs, body weight (Fig., 2), 1In this
diagram, three points are present (subjects JB, JD, and RR) whose values for ex-
changeable chloride are so far cutside the grcup as a whole, as will be shown later
that they make visual inspection of this regression confusing. They are included
in the data but have nct been used in the statistical evaluation, All three of
these pecple were studied during a single week, Igncrirng the positions of these
three dots, one sees a scatter which is similar to that seen for K.

Total body water is plotted agairnst body weigh* (Fig. 3). Once again, it is
seen that two persons having essentially identical absclute body water content
can be different in weight by a twofold differenze, The magnitude of thisg differ-
ence was this great for all three parameters.

On the other hand, comparison of K, and Cly with the simultaneously de®ermined
TBW gives the distribution seen in Fig. 4., It was assumed that the regression
passes through the origin., The regression line, K, = 87.77 TBW; is shown with iis
95% confidence limits, It is seen that markedly increased linearity of csrrelatiom
is present over that seen with the comparisom K, vs. weight. The correlation oz-
efficient for Kgo3TBW in this group is 0.96.

The relationship of C1l, tc TBW is shown in Fig. 5. The regression line,

Clg = 51,4 TBW, is shown with its 95% confidence limits, he correlation com

efficient for this regression is also 0,96,

DISCUSSION

The possibility that other factors besides lean tissue mass may influence the

body content of fluld and electrolyte has prompted Ljurggren (14) to investigate
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This comparison of Clg, TBW, and body weight can be better illustrated by a
different graphic representation, If the ratio Cle/TBW, which relates chloride to
the total body water (an index of lean body size) is plotted on the ordinate, and
the ratio TBW/weight (an index of obesity) is plotted on the abscissa, the result
for the 31 men whose Cle was measured is shown in Fig., 7. It is at once apparent
that three of the points are vastily different from the rest., These are subjects
JB, JD, and RR, representing all the determinations for a single week, who were
mentioned in the discussion of the regression Cle vs., weight, They were not
used in the statistical treatment. Excluding these men, a regression was computed
for CLl_/TBW vs. TBW/weight. This regression is shown, with its 95% confidence
limits, Using this regression, and assuming a fat man and a thin one, each
containing 40 liters of body water, we can calculate the probable Cle for these
two men. Assuming extremes, i.e,, 40% water content for the fat man and 65%

water content for the thin man, the Gle for these men would be:

Fat: 40 L. x 56,5 = 2270 mEq.,
Thins 40 L. x 49.5 =_1980 mEq,
Difference: 290 mEq.

This implies that the fat man would have an exchangeable chleride which would be
equivalent to at least two liters of extracellular fluid more than the thin man
would have,

It is not possible at this time to state a primary relationship between obesity
and this regression., It has been pointed out by Strauss et al. (14), Strauss
et al.(15), and by Leaf and Couter (16) that the body water content may be
markedly influenced, over short pericds of time, by the amount of salt consumed
in the diet. Further conclusions regarding a relationship of chloride content

to obesity must follow the collection of data under conditions which contrecl this

variable,



When the data ¢f McMurrey et al, {6) are compared in the same way used .in Fig. 7,
a suggestion of regression is present if the men and women are considered as a o
group, However, neither the group of men alene nor the group of women alone is
suffiziently mumercus to permit statistical comclusions, The distridbuticn of their
data for Cl,/TBW vs., TBW/weight is very similar to that of their data for Na,/TBW vs,
TBW/weight, which is shown in Fig, 8, I% is seen that neither the men nor the
women aicne show any regreésiong but that either a regression or a sex difference
i3 highly likely when the whcle group is considered and the wamen are compared with
the men,

When the data for exchangeable pctassium in the present work are compared in
the same way used iz Fig, 7, the result is shown in Fig, 9. No suggestion of

regression is presend,

Approved bys

~A.R, BEHNKF
Captain (MC) USN
Acting Head, Biclcgical and
Medical Scienses Division

For ths Scientifiec Director

y
¥

k3



Viga

ey

Flg. 1.

body weight,

13

Exchangeable potassium as a functica of
Ko is plotted on the ordinate.
weight is plotted on the abscissa.

Body



EXCHANGEABLE POTASSIUM (mEq)

8000

7000

6000

5000

4000

3000

2000

1000

l l

20 40

[ ]
° [
o o ¢
/.:.... PY [ ° L4
[ ol 4 ®
J’
o P o
[ J
] ! ! !
60 80 100 120

BODY WEIGHT (KG)

140 160 180

.’J)



Fig. 2. Exchangeable chloride as a function of
body weight. Clg is plotted on the ordinate.
Body weight ic plottad on the abscissa.
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