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N E  w \ I I.. at which various gases are these variables is considered important not only 
elimin:itctl from the human body has for judging t h e x  measurements as  a test of T been shi\vn to be slowd by the aging physiological age and the aging process but 

process (1-3 , .  The processes of diffusion and also for studying the effect that physical. 
blood circul;at iiin are important controling fac- chemical and pathological factors might have 
tors of the r ; l t~ of gas elimination through the on the dynamics of molecular transportation 
lungs. sincr iliffusion seems to be very rapid in humans. 
and \yith siiiiilar rate COnStantS for various 
gases ( I ) ,  I I I C  limiting factor in the rate of 
elimination li:ts been assumed to be the blood 
perfusion of tlte body consiituent tissues (2). 

In pre\.ioll~ human (4) ,,.ilh sa?4c1 
\\'as obxr.r\,rd an early of 

sodium moxi'ment \Vas much faster in YounVr 

METHODS 

Subjects. The sul~jects in these rtudics were normal 
mrn rind women from I Z  to 00 years of age who volun- 
teered for the measurements. They \rere apparently in 
p w l  health with no past history oi serious diseaw.  
They vcrc tvorling or retired Iwrwns whow living 
and working condition< indicated that they were a 

lation to apillg. 

in others. 

an early rxle of Sa'' 
number d iiormal h 
evaluate +wh variab 
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siclcred of particular interest in the present stuclin. 
The second component is practically resolved within 

thc first gc seconds to IO minulcs in adults. Therefore, 
in mnst curves from measurements continunl from 35 
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minutes to I hours, the lint three components, plus the second component with slightly larger m o r  than with 
largest part of the fourth. are included. Estimations of the method previously dwr i lml .  
the filth and sixth components were not pr l ible  in thc The second component is cxpresxd in terms of 
present curves because of the short time of-mip&e-g fd@ime in seconds instend of the constant K becaux 
ment. Consequently, approximate v a l u c o r t l u  f&hZ 1 tllr @re common usage oi this value. 
and sixth components had to be calculft&”lp &.2 E S4fptIcll Analysis. The corrrlrtion chosen to C 
pothetical fifth component was drawn ~ ~ @ o r p r i t h - r ~  a h a k z g  a )  between the half-time of the second 
mic paper beneath the actual curve as a a g < . h & i + ;  & & m a t  and the age nf the subjut  and bi between 
wntal line for the first jj minuter. For thm of two half-times obtained by either separate 
nent the amplitude at mro time was assu&d!io k LO I ,  fie r p e n t a  on the same subject or two evaluations 
of the concentration of the curve up 61 i&+itth,1 pf T m m e  measurement. For that pnrrporc. in both 
component, the rate having a half-time d i o 6 r : i  h o b .  .. c;?;r tE! method of least squarer was u x d  to deter- 
These were approximate values obtaind’lrom pr&ious : &id &‘e regrasion and correlation coe~c ien t s  and 
longer measurements s i t h  sodium. Th+hy&thetihl 
fifth component line \ v u  then s u b t r a m  j r o m  :he. 
actual cuwc and the fourih, third and ac&d @ropoC 

- r b e s a @ r d  error of ntimate. 
; $ -c 

&- RESULTS 
nents were extracted following the r k l v  *phic’’ 
method for estimating crponmtial fun-& B+c&& 
of the slowness of the fifth and sixth cdmpn&ts’ inf  
relation to the rconrl. plus the small ar&iiwde.of.bhc,. 
fifth, the of an averape d ~ c  a C ‘ & ~ O $ W O $  subjwts and during 
to subtract the c k t  of t h e  slow co tpa#  _ _ _  

estimatioTf &;L,!s &iw& for the slo\wst: the half-time ranged 
component. E . r: && I to  91 seconds. The half-time of the 

k&& &vn$component was plotted against the age 
minutes a simpler procrdurc for e s t i m a & B + i s o P  S f a e u b j e c t s  as sho\vn in - f i e re  I .  Although 
the second component cnn be followed b a a p 6 l a  n e  
either the fourth or the fifth componen~f r tmQhfa rC .  3 \@de?at!cfing and is ObSCnred 
tua1 c u r ~ e  to zero time. n e  subsequent extraction of for the lndlvldual P i n t s  Of men and women. 
the earlier components will result in a half-time of the the general trend is for the rates to be slowed 

a negligible crmr - 
When measurements are continued 
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TABLE I .  RELATIOXSHIP or .ACE TO I I ~ T ' E  or SECOXD 
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with aging of the subjects. In general, faster 
rates were observed in women than in men of 

of both seses. The  regression line was assumed 'ubi. ~ , ,  w T' 'h* sec x c  bh' yr 'I*. 

to be a straight line. The error of individual ~ - - ---- . __ . - 
measurements is too large and the number of Sfen ' 63 49.8 j o .  j I I  . q  o,93*o.o6 , i9 
subjects too small to ])rove whether there is a Women i o  53.1,  4 5 . 0  8 . 8  o..S6fo.o3 .S8 
nonlinear regression. Mired , 133 5 1 . 5 .  47.6 1 1 . :  o.8;fo.w . 6 j  

The results and statistical analysis of this 
PrOUD are also shown in table I. .4s mav be 

EARLY RATE OF Sa" XIOVE.\IEST 

COUFOSEST 

the same age. as shown in the regression lines A?. 

Average half-timeT + of mend component. R ~ ~ ~ ~ .  
sion coefficient hh. standard error ol estimate -.- %mi 

~ ~ . -  C .  

ohser\-ed, the a,rerage half-time for the &ond 
componen~ in men ,,.as jo.5 seconds for an 
average age of 49.8 years. whereas in women 
i t  was 45.6 seconds for an average age of 53.1 The reliability of two tests was estimated by 
years. The regression coefficient, h.. was for measuring 20 subjects twice on different days 
men 0.93 f 0.06 xc 'y r . ,  for women 0.86 z t  and each measurement was estimated only 
0.03 sec!yr. and for the group of both sexes once. The average half-time was 47.6 seconds 
0.87 f 0.04 sec.'yr. The standard error of for the first measurement and 45.4 seconds for 
estimate, u b ,  was 11.9 seconds for men, 8.8 the second measurement. The standard error 
seconds for women and 11.1 seconds for the of est-hate, ut,, was 8.4 seconds and the cor- 
group including both seses. The correlation relation coefficient. r,,, between both tests 
coefficient, rb., was 0.79 for men, 0.88 for was 0.81. 
women and 0.65 for both sexes together. The reliability of two separate evaluations 

To estimate the difference between the of the same measurements was determined by 
second component half-time of both sexes, 50 comparing the estimation of 37 known sub- 
years vas  chosen as the age for comparison, jects with the estimation of the same subjects 
since the average age of both groups was from unknown curves. The average half-time 
different. The half-time corresponding to j o  was 39.0 seconds for the first evaluation and 
years estimated from the regression line is 50.7 38.8 seconds for the second. The standard error 

COrrektiOn COcffiCiCnt Ih. of half-time uith age in group 
Of 133 normal suhjccts loth 

seconds and 40.8 seconds 

with one evaluation each, 

the standard error of estimate. difference. For both groups, as shown in figure 
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Known. jo 30.; 4 1  9 3 SJ 0.01-0.001 

Knuen. 4 0  4 t . h  3 j  ; ? . j j  0.01-0.01 

rnhnoa-n.  40 42.2 3 j . h  2.m 0.OO-o.oj 

13.4 

3 ;  

.i 7 

First group. 63 men and i o  women \%hose ape and 
se\ uere known. Second and third group lormd I,? 
same I S  men and rq women. 3-jo yr. old. evaluaird 
with Lnnwledpr of their age and KX in fint group. and 
lrom unknown c u n n  in the second. The I n t i n  and 
prolmhility lor each group. 

~ ~ . 

i. the regression l i n a  indicate faster half-times 
in the morning than in the afternoon in women 
aged from ii to 5 5  years, in men aged from 2 1  

to 6 j  years and slightly the opposite in the 
later years for both men and women. The 
regression slope was increased per year of life 
in the morning group 10 1.02 f. 0.14 seconds 
in men and 0.94 f 0.10 seconds in women. 
and in the afternoon group to  0.84 f 0.06 
seconds in men and 0.82 0.09 seconds in 
women. However, the number of subjects 
studied was too small to nive statistical sigcifi, 

slight differences bellyeen both estimations. 
The standard error oi estimate. which indi- 
caLes the data spread. vas larger for the un- 
known group of men and women than for the 
known group by 1.8 seconds. This can be 
interpreted as a very small influence in know- 
ing the age and sex of the subjec!. However. 
the differences obtained in both calculations 
are too small to change the significance of the 
age and sex relationship observed in the large 
group oi known subjwts. 

The correlation beiween 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 unknoxn. This difference of 
better correlarion for the large group could be 
explained in part by the fact that the age of 
the subjects ranged from zi to 90 years. 
whereas in the small group o f  37, the ages 
ranged from 30 to j o  years. 

The ses difference observed in all groups 
was quite marked, as summarized in table I. 
In  the large group of 133 where the sex was 
known. the difference was statistically v e n  
significant. The probabilit>r that the sex differ- 
ence in that group is due to sampling is of the 
order of less than I %  with a / ratio of 7 . 8 ~  

- 
cance to this difference. 
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FIG. a. Relationship of age of subjects to half-time of second component and time of day of performance of 
measurement. Regression lines obtained from groups of normal individuals. Mm. 26 in morning and 3; in after- 
noon; women, 14 in morning and 46 in afternoon. 

didusible into the interstitial fluid (9) shows 
slight di5erences with no statistical signs- 

permeability with aging 

peripheral resistance. blood pressure and blood 
viscosity and an acceleration in the pulse nave. 

in permeability by Drin 
restricted diffusion through the c nfluence the remarkable slow- 

SLWUARY 

influence the permeability of 
sodium. 

nated as the second c.omponent is 

ion between the rate and age is 
he rate of the second component 

in women than in men of the 
sex difference observed for the 

observed during the aging me of the second component at 
mentioned a decrease in ra of j o  years is slatistically very 
an increase in the sderosi e differences observed in the 

and consequently in hemody 
i 
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regression coetlicients of both seyes are. how- 
ever. of less statistical signiticance. 

.\ single measurement and evaluation of the 
half-time of the second component has a 
limited value for determining the relationship 
between the rate of blood mixing of an indi- 
vidual to his zhronological age because of the 
large standard error. More than one measure- 
ment and evaluation as well as technical im- 
pro\.ements are neressa? IO decrease this 
error. The present technique is adequate IO 

study. in a group of subjects, the deviations 
from the normal regression line of the rnove- 
ment rate versus age. 
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