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Relationship of Age and Sex to Early

Mixing of Na' in Normal Man'

ENRIQUE STRAJMAN,
W. GOFMAN aND
Medical Pirvsics. Division

Caliornia

HE kA al which various gases are
eliminmud from the human body has
been ~hinwn to be slowed by the aging
process (1-3¢ The processes of diffusion and
Llood circulation are important controling fac-
tors of the rste of gas elimination through the
lungs. Since «iffusion seems to be very rapid
and with simifar rate constants for various
gases (2% the limiting factor in the rate of
elimination has been assumed to be the blood
periusion of the body constituent tissues {2).
In previous human studies (4] with Na*(l
it was observed that aa early component of
sodium mos ement was much faster in vounger
than in older men. The early component ob-
served subwquent 1o a single intravenous
injection of Na''is of the same order of magni-
(ude as one of the tates of blood mixjng. Since
\he blood-muixing process is closely related \3
blood circulation. it was thought that tfiesé
measurements could provide a better method
of determinmy the relationship of hipod circu-
iation to aging. AR
The individual variations observed in narmel
subjects of the same age suggested: that these
measurements might also be useful as a test
for deternuning the physiological age vs. the
chronologis 4! age of human beings. using as an_
aging criterion the effect on blood +irgulation
The aim «f the present work wasto-measures
an early rate of Na'' movement Hn Targer
number of norma! humans of both sexes to:
evaluate sweh variables as regressfon;siope of
an eatly miving rate with age. thg carrélation?
coefficient bietween these two vaFaBles for &
large part ol the life span. the ex@e@e_‘of'gn%
sex differcnce, the individual vaviadiofis and
the error ui measurements. The Endviedge of
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these variables is considered important not only
for judging these measurements as a test ol
physiological age and the aging process but
also for studving the effect that physical.
chemival and pathologival factors might have
on the dvnamics of molecular transportation
in humans.

METHODS

Subjects. The subjects in these studies were normat
men and women ftom 22 1o go vears of age who volun.
teered for the measurements. They were apparenty in
good health with no past history of serious dizeases
They were working or retired persons whpse living
and working conditions indicated that they were a
sample of the average population. Sixty-three men and
70 women with ages evenly distributed within the age
range chosen were studied. There were apprrogimately
five suhjects in each s-yvear class interval ol the span
of age.

Teg‘hn\que‘ Syubjects rested in the supine position
THofaCleayt 13 minutes hefore injection. .An isotonic
“sohition  jo~s0 wc e NatiCl was then injected in a
tewy seboms into an arm vein. A sciatillation counter
Aco;‘npﬁleﬁ; shielded with about a 2-inch thickness of
- fead an(lgz frantal aperture of § inch was placed over
the jrecdrdial region. about 3 cm from the mid-line
atihe fosfrth intercostal space. The scintilfation counter
was Conected o a scaler and a recording device w hich
. plotul the accumulated counts for each 23-second
. iWteryalx These counts were expressed on the record
ag the cdunting rate per minute. Muasurements were
eongnuéﬂ from a minimunt of 35 minutes in a few cases
to 2.howrs in others.
v Ahé%;'sis of Data. The concentration of radioso-
Tiugn deasured over the heart region, following the
“mibdvepous injection of Na*'Cl. increases very rapidis
Eo 4 alaximum 13-30 seconds after administration.
81 & indlowed by a fast ilecreuse during the first minutes.,
oatikding with a slower disappearance thereafter
JFen previous analyses of Na® time-concentration
Futwes.n normal human Leings 13 at least six compo-
9\:51?.5\‘(-“ determined iy using the regular graphic
~nigthgl of estimating exponential functions. Of these
= compdnents. the one designated as the second was con-
sidered of particular interest in the present studies.
The second component is practically resolved within
\he Birst oo seconds to 10 minutes in adults. Therefore,
in mast curves irom measurements continued from 33

310
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Fic. 1. Relationship of age of subjects to half-time of second component as determined uver heart region ot
normal subjects of both sexes. Regression lines obtained from 63 men. ;o women and the 153 subjects of both

sexes.

minutes to 2 hours, the first three components, plus the
lacgest part of the fourth, are included. Estimations of
the fifth and sixth components were not possible in the

present curves because of the short time of measure- -

ment. Consequently, approximate valués, of the ffth:
and sixth components had to be calculased The by

pothetical fifth component was drawn or‘r§em)oganrh--'v

mic paper beneath the actual curve as aff almost hori-

zontal line for the first 35 minutes. For the fiich eompo-

nent the amplitude at zero time was assumed to be 1%
of the concentration of the curve up o the fodrth
component, the rate having a half-time of over r hour.
These were approximate values obtained from previous
longer measurements with sodium. Thé_hypothetical
fifth component line was then subtracted from the

actual curve and the fourth, third and second compo-~
nents were extracted iollowing the regular graphic -
method for estimating exponential functions, Becauses °

of the slowness of the fifth and sixth ¢émponents in
relation to the second. plus the small anipligude of the
nith, the use of an average value as a cofyection, factor—
to subtract the effect of these slow corgpopenty adds
only a negligible error 1o the eaumauorkpf (-he:second—
component. =

When measurements are continued ?Br st }eas\ oa

minutes a simpler procedure for estimating the Fat€ o
the second component can be followed h(etgamlaung?
either the fourth or the fith componcnt) {rém $he-ace—
tual curve to zern time. The subsequent extraction of
the earlier components will result in a hali-time of the

1161225

second component with slightiy larger error than with
the method previously described.

The second component is expressed in terms of
hali-time in seconds instead of the constant K because
bf thie more common usage of this value.

© Stattstical Analysis. The correlation chosen to be
mahzcﬂ was g between the hali-time of the second
componenl and the age of the subject and & between
lhe#alues of two hali-times obtained by either separate
meagursnents on the same subject or two evaluations
of the same measurement. For that purpose, in both
cases the method of least squares was used to deter-
mine fHe regression and correlation coetficients and
the stadmard error of estimate.

- RESULTS

Sz o _
: Thé&enalvsis of the curves from the group of
sutgeds studied indicates that the second

. compghent develops during the first 1.5 min-

wte8 for the faster rate subjects and during 10
thinui@s for the slowest: the half-time ranged
Irom 1 to g1 seconds. The hali-time of the
semn component was ploued against the age
of amsubjeus as shown in nhgure 1. \llhough
2 \wdg scattering and overlapping is observed
for the individual poinis of men and women.
the general trend is for the rates 1o be slowed
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with aqing of the subjects. In general. faster TaBLE 1. RELATIONSHIP OF AGE TO RATE OF SECOND
rates were observed in women than in men of . NN . -
the same age, as shown in the regression lines g .

R . . ~ 3 P 0ua I3 .
of both sexes, The regression line was assumed wer - Ne Al we s
to be a straight line. The error of individual i
measurements is oo large and the number of  Men 63 40 & 30.5 11.0 0.03=0.00 .
subjects too small 10 prove whether there isa  YWomen 70 53.1 45.0 8.8 0.36x0.05 .8
Mixed 133 31.3 47.6 11.1 o 87x0.03 .03

nonlinear regression.

The results and statistical analysis of this
group are also shown in table 1. As may be
observed. the average hali-time for the second
component in men was 30.3 seconds for an
average age of 49.8 vears. whereas in women
it was 43.6 seconds for an average age of 3
vears. The regression coetficient, by,. was for
men ©.93 = 0.06 sec vr., for women 0.86
0.03 sec vr. and for the group of both sexes
0.85 + 0.04 sec yr. The sitandard error of
estimate, oy, was 11.9 seconds for men, 8.8
seconds for women and 1r1.1 seconds for the
sroup including both sexes. The correlation
coefficient, ry,. was o.79 for men, 0.88 for
women and o.63 for both sexes together.

To estimate the difference between the
second component half-time of both sexes, 50
vears was chosen as the age for comparison,
since the average age of both groups was
different. The half-time corresponding to 50
vears estimated from the regression line is 50.7
seconds for men and 42.9 seconds for w omen.

or a difference of 7.8 seconds (Labli 23 <
£ 'he résul'(s~
being influenced by knowing the age and sex:

To determine the possibility;

of the subjects, the time- concemrauon curves.,
of 18 men and 19 women from-30:10 50 \eam
of age were replolted coded a‘nd shufﬂed to.
be estimated again by the samepetson without”
knowledge of the age and sex of the individual..
In addition, nine curves taken g1 random from
the same group of subjects wweré duplicated.
and mixed with the others. This group of sub-.
jects. hereinafter referred to a8 the unknowg
group. was compared to the: same subjectsy
hereinafter referred to as thé_“known groupy
which had previously been ’ésq{naed. \mE
knowledge of their age and se§K < -

The results between these noup énd u:ﬂ
known evaluations are pregnwd parts
table 2 to compare the sex dnf&:encq apd I:agi
in table 3 to compare the regres§ion agd g éorreler
tion coefficients of the half-time with age and
the standard error of estimate.

(161226

Average half time T ) of second cnmponem Regres-
sion coetficient by, standard error of estimate oy, and
correlation coethicient ris of half-time with age in group
of 133 normal subjects ol hoth sexes.

The reliability of two tests was estimated by
measuring 20 subjects twice on different days
and each measurement was estimated only
once. The average half-time was 4.6 seconds
for the first measurement and 43.4 seconds for
the second measurement. The standard error
of estimate, o, was 8.4 seconds and the cor-
relation coetficient, r.. between both tests
was 0.81.

The reliability of two separate evaluations
of the same measurements was determined by
comparing the estimation of 37 known sub-
jects with the estimation of the same subjects
from unknown curves. The average half-time
was 39.0 seconds for the first evaluation and
38.8 seconds for the second. The standard error
of estimate, o, was 8.0 seconds and the cor-
relation coefficient. ... between both evalua-
Hops was 0.75.
> ¥ a group of nine unknown subjects where
two evaluations from the same curve were
made, the average half-time for the first
-évgluation was 39.6 seconds and 30.8 seconds
fotZthe second. The standard error of the esti-
ma‘te ou, was 6.4 seconds with a correlation
cogfﬁment r, between both evaluations of
2.8,
Jhe average of two measurements of the
:saghe individual with one evaluation each,
FaFe an Iy of 0.77 and a oy, of 8.7 seconds,
Dwhereas for the average of two evaluations of
“’{lﬂ same curve ry, was o.38 and oy, was 8.6

egonds.
% Since measurements were performed at
T\§nous times, the data were divided into sub-
..gg)ups of morning and afternoon, and regres-
Tsihn lines were estimated in both sexes, in
ofder to determine whether there was any
difference. For both groups. as shown in figure
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TABLE 2. STATISTICAL ~SIGNIFIC ANCE UF SEX DIFFERENCE
OBSERVED IN HALF-TIME ©F ~ECOND COMPONENT

T e
~ab Rarw  Dribubiley
i W
Known, 30 0.7 42u  1.81 Q.01 o.o00%
133
Koawn, 10 320 33.7 2.55 o0.0r-0.01

Kh
Unknouwn., o 342.2 33.0 200 0.0h 0.0%

b

First group. 03 men and 7o women whose age and
sev were known, Second and third group formed by
same 13 men and 10 womuen, io-30 vr. old. evaluated
with hnowledge of their age and sex in first group. and
from unknown curves in the second. The 7 ratio and
protabitity for cach group.

2, the regression lines indicate faster hali-times
in the morning than in the afternoon in women
aged from 22 1o 335 vears, in men aged {rom 22
to 63 vears and slightly the opposite in the
later vears for both men and women. The
regression slope was increased per vear of life
in the morning group to 1.02 =+ 0.14 seconds
in men and 0.94 = ©.10 seconds in women,.
and in the afternoon group to 0.84 + .06
seconds in men and 0.82 = o.0p seconds in
women. However, the number of subjects
studied was too small to give statistical signifi-
cance to this difference. )

DISCUSSION

arary
i

From the various components previ_q‘\.lsr_\
observed in the sodium concentration curves
14}, the second component was selected be-
cause it shows a marked association with the
aging process and is more accurately estimated
in a shorter time than the other compagents.

The correlation coeflicient between the age
of the subject and the rate of the second com-
ponent was quite high and can be coRsidered
statistically significant. The correlatign _coef-
ficiem was further improved when &clf sex
was estimated in a separate group. g & {

The significance of these results is semgwha

- N

limited by the fact that the age and sex of the.

NGER. GOFMAN AND WARD Vol
slight differences between hoth estimations.
The standard error of estimate. which indi-
cates the data spread. was larger for the un-
known vroup of men and women than for the
snown group by 1.8 seconds. This can be
interprered as a very small infuence in know-
ing the age and sex of the subject. However,
the differences obtained in both caleulations
are too small 1o change the significance of the
ace and sex relationship observed in the larwe
zroup of known subjects,

The correlation between age and rate of the
second component was more significant in the
group of 133 subjects than in the group of 37
subjects. being in the known group slightly
better than in the unknown. This difference of
better correlation for the large group could he
explained in part by the fact that the age of
the subjects ranged from 2: 1o go vears,
whereas in the small group of ;7. the ages
ranged from jo 1o 0 vears.

The sex difference observed in all groups
was quite marked. as summarized in table 2.
In the large group of 133 where the sex was
known, the difference was statistically very
significant, The probability that the sex differ-
ence in that group is due to sampling is of the
order of less than 1 with a ¢ ratio of 3.84.
In the small group of 37 where the sex was

j;nj)\gn, dhe same probability is between 1

“and 2% «th a ¢ ratio of 2.55. In the same

“small group f subjects where the sex was
~ unknown, ;Abe probability is between 5% to

. 65c with # I_}atio of 2.00. The sex difference

-1 it the Jatgér group should be statistically con-
- sidered aglogily fairly significant. The decrease
. in sighif¢age of the small group might be

explajned 48 due to the smaller number of

subjects2amgt also that the average age was 40

vedrginsest of ;0 vears for the larger group,

-and ﬁw;,aea difference seems to increase with

T ag o

- TBe:difffrences vhserved in the regression

gs@!‘ﬁLwﬂkﬂ’)}. in men and women, which could

ﬂsqg b€ eXpressed as representing the aging
Tawd of Heir circulatory sysiem. are siatisti-

subjects were known to the in\'esli@td} \Lh% Sah 5;;_9 significant than the sex difference
analyzed the data. Therefore, it was [ﬁ;ogghg‘ obseryefqin lhe.a\'emge balhxme for the same
necessary to estimate again some of”the s&m@ :;S@J‘%f‘%The difference in the regression coei-

subjects whose age and sex would be unknown
to the person estimating it. In general, the
results of this control evaluation show very

Pib1227

ficients In both sexes gave a ! ratio of 1.1
with a probability of .10 to 0.03.
Sex differences have been found in dynamic
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studies of gases in humans. The rate of carbon
monoxide elimination at rest was found to be
faster in women than in men of approximate
age (5. This sex difference was approximately
maintained when the CO elimination rate was
accelerated by exposure to an ambient pO:
from 0.2 to 2.5 atmospheres. The oxvgen re-
covery rate after mild exercise was found to be
slower in a group of women than in men (61,
although the oxygen recovery rate has been
shown to be influenced by the aging of the sub-
jects (11. Differences in physical fitness in both
sexes might explain this reverse situation. The
blood velocity rate has been determined as
stightly faster in women than in men t71. The
standard error of estimate gy, from the regres-
sion line is a good index to estimate the signin-
cance of differences from normal behavior that
might be observed in one or more measure-
ments. For a single measurement. the standard
error is quite large: it can be decreased by
separation of sex, morning and afternoon
measurements, as well as by two independent
evaluations of the same curve. The average of
two measurements on the same individual on
different days also decreases the standard error.
The four main sources of variations con-
tributing to the standard deviation are: a) the
technical errors. b) the error in the graphic
evaluation of exponential functions. ¢) the
individual variations and d) the-ph¥siclogicgl
variations. The number of casez analized is
not large enough 1o evaluate afl these indi-
vidual variables statistically. However, it seems
that the method used for estimating the
exponential functions is the largest source of
individual error. Apparently the individual
differences and physiological variations under
similar conditions of measuretent
very large and the effect of 1h¢“agmg process :
in itself seems to be the most oulslandmg
phenomenon of these observatiafis,
Interpretation of the Second Componen

times to other compartments fclowing se\eral-

data and the rates of mixing a&jd;:enena\ion

established as vet, and are to be discussed in
more detail elsewhere (8). It can be stated here,

161228

are nelw

Substances introduced into thtg'bfood: szrea{n:
are transported within the bl&bd cand some--

rates of movements. The mterrifaubnbel\\ eerp -
the rates determined from lhe expenmemak_

o

35

TABLE 3. COMPARISON BETWEEN TW0) SEPARATF
EVALUATIONS FROM ~AME CURVES OF
SAME ~UBJECTS

by seovr Giq e Fia
M W Mined M W Moed M W Moted
wor subjects
1.12 0.9 8.2 7.5 N ¢ n oo i3
Unkniion sibjects
S 77 1.10 0.0b 0.8 0.710.3 i3 no 4N
First evaluation, labeked as ‘known.” s {rom sub-

jects whose age and sex were hnown. Second evaluation
of same subjects irom plotted curves with no clue ta
subject’s age and sex 15 labeled as ‘unknown.' Regres-
sion coetficient b, of hali-time T } of second com-
ponent with age. standard error of estimate o , and
correlation coerficient r, of group farmed hy (% men
and 1o women. 3o 30 vr. okl ’

however. that the mixing of a subztance within
the blood after the intravenous administration
of a single dose occurs primarily following
three components. )
The first component represents the mixing
of the injected substance within the lung pool
and distribution to all the ather body pools
through the arterial tree. The second com-
ponent probably represents the contribution to
the mixing by the pools of high perfusion rate
and situated close to the heart. The third com-
ponent would represent the contribution to
- the molecular mixing by the pools of low per-
:fusion rate and situated farther from the
Theatt:
. THe rate of the second component. as meas-
ifedzafter the sodium administration. seems to
- be df the same order of magnitude as similar
- egrlg components observed after the intra-
véngus administration of substances nondif-
f'u*slsie into the interstitial luid (g+. The diffu-
sibniof Na™ into the interstitial fuid through
- lﬁexapxllar\ walls apparently does not modify
wegte of movement of the second component.

t~- mgaeuond component in the sodium measure-

mems is interpreted here as one of the rates
h@h develops during the blood mixing.

ﬁhat mechanism during the aging process
might be responsible for producing such
a?ked slowness of the rate of the second
Zorponent is an interesting question to be
Elusldaled The possibility that capillary per-

in the various compartments”are not Wel exbility to sodium might decrease during the

aging provess is difficult 10 prove. The present

knowledge of dvnamics of substances non-
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Fic. 2. Relationship of age of subjects to half-time of second component and time of dayv of performance ot

measurement. Regression lines obtained from groups of
noon; women, 24 in marning and 46 in afternoon.

diffusible into the interstitial tluid (g) shows
slight differences with no statistical signifi-
cance. The hypothesis of a decrease ip capillary
permeability with aging has been contravessial.
The results obtained by Holman (5o} in dogs
using large molecules like proteifs -do- ndt
agree with a previous suggestion ofa decrease
in permeability by Drinker (11j; The- less _
restricted diffusion through the capillary:wall °
for sodium chloride than for nonelectrolyte :
molecules as shown by Pappenhelmer et al.

12), decreases the probability that aging may;
mﬂuence the permeability of éapxllanes o,
sodium. o

1t caplllar\ permeability is nolan xmpor!‘anc
factor in slo“mg the second cofmpenent, the

normal individuals. Men. 20 in morning and 37 in after-

peripheral resistance. blood pressure and blood
viscosity and an acceleration in the pulse wave.
_The blood flow of certain organs, such as the
= kidnevs (14) and muscles (21 has been reported
wdecrease markedly with age. Of all the fac-
tors- enumerated the increase in arterial
sclerosm and peripheral resistance in the aging
“of norn!al human beings seem to be the factors
mote Lg\eh to mﬂuence the remarkable slow-
mg,of:he rate of the second component.

SUMMARY

)’,C

P
1 Ihémeasuremem and evaluation of an early
Tate of Na* movement in normal subjects of
‘boﬁh&\es is described. The rate of Na* move-
—mchx.—desxgnated as the second component is

effect of aging in the cardiovascular system ~—marl®dl\ slowed during the aging process. and

and consequently in hemod\npmus shoulgd

‘the Porrelauon between the rate and age is

then be assumed to be the mgst -1m‘por1ah>t Q >gn ficant. The rate of the second component

factor.

logical changes in the cardlo\aiu.g}ar sySteth 2
observed during the agmg pro@s& sbbuid jj.em

mentioned a decrease in cardidé oB1puts(L3),2
an increase in the sclerosis of the arteries,

l1b1229

Among the anatomical” agd ‘phxsw- % i¢;more rapid in women than in men of the

:ng age. The sex difference observed for the
gyefage half-time of the second component at
the shosen age of 50 vears is statistically very
significant. The differences observed in the
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regression coeticients of both sexes are, how-
ever. of less statistical signifcance.

A single measurement and evaluation of the
half-time of the component has a
limited value for determining the relationship
between the rate of blood mixing of an indi-
vidual 1o his chronological age because of the
farge standard error. More than one measure-

second

ment and evaluation as well as technical im-
provements necessary to decrease this
error. The present technique is adequate to
study, in a group of subjects, the deviations
from the normal regression line of the move-

are

ment rate versus age.

The authors wish to acknowlelge their appreciation
to Mrs. Cathrine Cohn jor her aid in securing persons
for these studies.
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